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SECTION 33 61 13

PRE- ENG NEERED UNDERGROUND HEAT DI STRI BUTI ON SYSTEM
08/ 10, CHG 1: 02/20

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers the

requi renents for an insul ated underground heat

di stribution system (UHDS) and/or condensate return
system of the pre-engineered type as covered in

TM 5-810- 17 "Heating and Cooling Distribution
Systens", for steam and high tenperature hot water
up to 230 degrees C 450 degrees F

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renove information and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

PART 1 GENERAL

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Notes are to the Governnent designer or
design Architect/Engineer firmand will not be seen
by the Contractor or its subContractors. The
designer will carefully review all Notes; when
submitting the "draft" specification for review,
Notes will remain intact.

Thi s specification requires coordination with other

design disciplines (exanples: cathodic protection
trenching and backfill, structural for coordi nating
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manhol e structures). The specified systens are
capabl e of transporting steam condensate, or high
tenmperature hot water. This specification is for
systens operating above 120 degrees C 250 degrees F
to a maxi num accept abl e pressure and tenperature of
approxi nately 2.800 Ma (gage) 408 psig and 230
degrees C 450 degrees F, respectively. It should be
noted that not all UHDS are acceptable for all site
classifications, tenmperatures, and pressure ratings.

The Government designer will establish the site,

soi | and groundwat er conditions. The contract

drawi ngs will show the size, proposed routing
(including construction limts) and estimated | ength

of the system The contract drawings will establish
the el evati ons and show the profiles of the pipe and
the existing and finished earth surfaces. Indicate

and identify all obstructions within 8 m 25 feet of
the systemcenterline, including adjacent or
crossing utilities.

Thi s gui de specification is not for the design of

t he val ve manhol e and associ ated pi pi ng and

equi pnrent in the val ve nmanhole. Valve manhol es and
t he pi ping and equi prent inside the val ve manhol es
wi || be designed and detailed on the contract

drawi ngs. Section 33 61 13.19 VALVES, PIPING AND
EQUI PMENT I N VALVE MANHOLES wi || be included as part
of this project. Include on the drawings a | og of
soil conditions along the pipe line right-of-way, at
pi pe depth, which gives, as a mninmum soi
classification, noisture content, soil resistivity
and pH, bearing strength and unstable conditions.

Details at building entries will be provided on the
contract drawi ngs to show pi pe elevation, floor and
grade el evation, building wall construction and

exi sting equiprment. Include |ocation of valve
manhol e and/ or val ve boxes, branch runouts, and

i sol ati on val ves on the contract draw ngs. Provide
details at manhole entries on the contract draw ngs
to show pi pe elevations; floor, top, entrance, and
grade el evations; manhole wall construction; anchor
| ocation and construction; and existing equi pment
and pi pi ng.

Al'l connections to the UHDS distribution wll occur
only in manhol es.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

1.1 REFERENCES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organization, designation, date,
and title.
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Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

AMERI CAN ASSOCI ATI ON OF STATE HI GHMAY AND TRANSPORTATI ON OFFI CI ALS
( AASHTO)

AASHTO M 300 (2003; R 2017) Standard Specification for
I norgani c Zinc-Rich Priner

AMERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME B16. 9 (2018) Factory-Made Wought Buttwel ding
Fittings

ASME B16. 11 (2022) Forged Fittings, Socket-Wlding and
Thr eaded

ASME B31.1 (2022) Power Piping

ASME B40. 100 (2022) Pressure Gauges and Gauge

Attachnents
ASTM | NTERNATI ONAL ( ASTM

ASTM A36/ A36M (2019) Standard Specification for Carbon
Structural Steel

ASTM A53/ A53M (2024) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Sean ess

ASTM A106/ A106M (2019a) Standard Specification for
Seam ess Carbon Steel Pipe for
Hi gh- Tenperature Service

ASTM Al134/ A134M (2019) Standard Specification for Pipe,
Steel, Electric-Fusion (Arc)-Wlded (Sizes
NPS 16 and Over)

ASTM A135/ A135M (2021) Standard Specification for
El ectri c- Resi stance- VWl ded Steel Pipe

ASTM A139/ A139M (2022) Standard Specification for
El ectric-Fusi on (ARC)-Wel ded Steel Pipe
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(NPS 4 and over)

ASTM Al67 (2011) Standard Specification for
St ai nl ess and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A234/ A234M (2023a) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Moderate and Hi gh Tenperature
Service

ASTM C177 (2019; E 2023) Standard Test Method for
St eady- St ate Heat Fl ux Measurenents and
Thermal Transm ssion Properties by Means
of the Guarded- Hot - Pl ate Appar at us

ASTM C518 (2021) Standard Test Method for
St eady- State Thernmal Transm ssion
Properties by Means of the Heat Fl ow Meter

Appar at us

ASTM C533 (2017; R 2023) Standard Specification for
Calcium Silicate Bl ock and Pi pe Ther nal
I nsul ati on

ASTM C591 (2022) Standard Specification for Unfaced

Preformed Rigid Cellular Polyisocyanurate
Thermal Insulation

ASTM D1895 (2017) Standard Test Methods for Apparent
Density, Bulk Factor, and Pourability of
Plastic Materials

ASTM D2310 (2006; R 2012) Machi ne- Made "Fi bergl ass"
(d ass- Fi ber - Rei nf or ced
Ther nosetti ng- Resi n) Pipe

ASTM D2487 (2017; E 2020) Standard Practice for
Classification of Soils for Engineering
Purposes (Unified Soil C assification

System

ASTM D2996 (2017) Standard Specification for
Fi | ament - Wund " Fi ber gl ass"
(d ass- Fi ber - Rei nf or ced
Ther noset ti ng- Resi n) Pi pe

.2 DEFI NI TI ONS

The followi ng definitions apply to the work.

2.1 Heat Distribution System

A conpl ete pre-engi neered, underground [heat distribution] [and]
[condensate return] systemincluding all required conponents such as
carrier pipes, [steam pipe,] [high tenperature hot water supply pipe,]

[condensate return pipe,] [high tenperature hot water return pipe,] and
fittings, anchors, pipe supports, insulation, protective casing, and
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cathodic protection, for the system supplied. The pre-engi neered system
does not include val ve manhol es and the pi ping and equi pnent inside the
val ve nmanhol es; use Section 33 61 13.19 VALVES, PIPING AND EQUI PVMENT I N
VALVE MANHCLES for pertinent requirements. |Include all piping and
conponents to a point at |east 150 mr 6 inches inside the building and

val ve manhole walls. Do not use any part of the building or valve manhol e
structure as an anchor point.

1.2.2 Direct-Buried

A systemwhich is buried, without the need for a field-fabricated
protective enclosure such as a concrete trench or tunnel

1.2.3 UHDS Types

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: Fromthe foll owi ng subparagraphs, select the
applicabl e type of systemto be allowed and renove
t he ot her.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

1.2.3.1 Dr ai nabl e- Dryabl e- Test abl e (DDT) Direct-Buried

A factory-fabricated systemincluding an air and water-ti ght outer
protective casing, air space and an insulated carrier pipe. Drains and
vents are provided at the end plates of the system (in nanhol es or

buil dings). The drains are nornally capped but the caps can be renoved to
drain water which may leak into the air space if there is a failure in the
casing or the carrier pipe. The vents allow water vapor to escape and
provide a tell-tale sign of |eakage.

1.2.3.2 Water Spread Limting (WSL) Direct-Buried

A factory fabricated systemincluding an outer protective casing and an
insulated carrier pipe. The systemis fabricated in sections which are

i ndependent from each ot her; ground water or condensate which | eaks from
or into one section cannot travel into the next section. Field-assenbly
of the sections requires no welding as the sections push together and are
sealed with a system of couplings and seals.

1.2.3.3 Water Spread Limting Poured-In-Place Insulation (PlPI)

A field fabricated system consisting of steel carrier pipes and supports
encased in the poured-in-place insulation (PIPI). The PIPI consists of
chemically nodi fied cal cium carbonate powder. The particles cohesively
bond with each other to forma closed-cell insulation that thermally

i nsul ates the pipes and provides corrosion protection

1.3 SYSTEM DESCRI PTI ON
1.3.1 Scope

The work includes the design and fabrication; furnishing; installing, and
testing of a direct buried underground [insul ated heat-distribution
system [and] [insul ated steam pipe,] [insulated high tenperature hot

wat er supply pipe,] [insulated steel condensate return pipe,] [insulated
hi gh tenperature hot water return pipe] consisting of piping as indicated,
cat hodi c protection system (where required by this specification),
together with fittings and appurtenances necessary for a conplete and
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1

1

operable system dand type end seals will not be pernitted. DDT systens
with fiberglass casings will not be all owed.

.3.2 UHDS Desi gn

Submit a Certificate of Satisfactory Operation certifying that at |least 3
systens installed by the UHDS nanufacturer within the previous 5 years are
operating satisfactorily, not later than [ ] days after notice to
proceed. The UHDS manufacturer is responsible for the conplete design of
the UHDS, the product to be supplied, fabrication, wtnessing installation
and testing of the systemw thin the design paranmeters established by the
contract drawi ngs and specifications, and in conpliance with the detail ed
design. The conplete design of the UHDS nust be seal ed by a Professiona
Engi neer in the enploy of the UHDS manufacturer

.3.3 Cat hodi ¢ Protection

Provi de cathodic protection for systens with coated steel casings in
accordance with paragraph Cathodic Protection Installation

3.4 Operating Characteristics

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The operating and the rated characteristics
nust be supplied. Operating characteristics should
be based on the capabilities of the system The
operating characteristics should not exceed the

val ues for the "Rated Characteristics" of the
system Rated characteristics are to be used for
calculations for the system design and represent a
"worst case". For rated characteristics for DDT
systenms insert 260 degrees C 500 degrees F and 4.585
MPa gage 665 psig. For rated characteristics for
WEL systenms, which are only allowed for steam and
condensate return systens, insert 208 degrees C 406
degrees F and 1.723 MPa gage 250 psig. For rated
characteristics of the PIPI systeminsert 249
degrees C 480 degrees F and 3.81 MPa gage 551 psig.
The design conditions for the condensate and hot
water return piping will be the sane as for the
steam and hot water supply.

EE R R R S R R I R I R I R S R R S R I R S I R I R I R R R R R I R R R

Provide [[steam [high tenperature hot water] supply systemw th an
operating tenperature of [ ] degrees C F and an operating pressure of

[ ] kPa psig.] [[condensate] [high tenmperature hot water] return
systemw th an operating tenperature of [ ] degrees C F and an
operating pressure of | ] kPa psig.]

3.5 Rat ed Characteristics

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The rated characteristics are to be used in
the calculations for the system design and represent
a "worst case". The rated conditions for the high
tenperature hot water return piping will be the sane
as for the supply. For "Installation Tenperature"
use the 99 percent Dry Bulb Tenperature Wnter
Desi gn Heating Data fromthe weather tables in UFC

SECTION 33 61 13 Page 10



1.

3-400- 02, Engi neeri ng Wat her Dat a.

EE R I R R S I R R I R I R I R S R R R R S R I R R R R S R R R R S O

Furni sh thermal expansion cal culations for the supply and return piping
using the foll owi ng design characteristics and installation tenperature.
The system design conditions for [stean] [condensate] [high tenperature
hot water] supply and/or return nust be a tenperature of 232 degrees C 450
degrees F and a pressure of 4.58 kPa 665 psig. For calcul ation purposes,
ensure the installation tenmperature is not higher than the anbient
tenperature at the site: | ] degrees C F.

4 SUBM TTALS

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submttal
items in the text, to reflect only the subnmittals
required for the project. The Guide Specification
technical editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G" Cenerally, other
submttal items can be reviewed by the Contractor's
Quality Control System Only add a “G’ to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arnmy projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.

The "S" classification indicates submttals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air
Force projects, or choose the second bracketed item
for Arny projects.

EE R I R R S I R R I R I R I R S R R R O S I R R R R R S R R S R R R

CGovernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Governnment.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
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Heat Distribution Systen; ¢, [ 11.

SD- 03 Product Data

Expansi on Loops and Bends; C[, [ 11.
Cathodic Protection Installation; C, [ 11.
Interruption of Existing Service; C[, [ 11.
Wwrk Plan; ¢, [ 11.

Qual ity Assurance Pl an

UHDS Manuf acturer's Representative Reports

Connecting to Existing Work; C[, [
SD- 06 Test Reports

Thermal Performance Testing; C[, |

Qperational Test; ¢, [ 11.
Tests; C[, [ 11.
Test of WBL Systens for Steam Service; G, [ 1]

Test of WSL Systens for Condensate Return Service; ¢, |
SD- 07 Certificates

Manuf acturer; C[, |

Manuf acturer's Representative; C[, [ 11.
UHDS Design; C[, [_ 1]
Certificate of Conpliance; C[, [ 11.

Testing Firm
Wl di ng
SD-10 Operation and Mai ntenance Data
Heat Distribution Systenm; ¢, |
1.5 QUALI TY ASSURANCE
1.5.1 Manuf act ur er
The UHDS manufacturer is the conpany responsible for the design and
manuf acture of the pre-engi neered system Subnit certification of past
experi ence stating that the UHDS nanufacturer regularly and currently
manuf actures direct-buried systens, and that the designs of the system and
equi prent to be provided for this project conformto specification

requi renents. Subnmit an original certification signed by a principal
of ficer of the UHDS manufacturer at |east [2 weeks] | ] prior to the
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start of work; indicate the |ocation, type of system size of system

poi nt of contact (POC) including phone nunber, for information
verification. The UHDS manufacturer directs the installation of the
system and has a representative on the jobsite; subnit a Wrk Plan

i ndi cati ng when various itenms of work and tests are to be carried out and
when its representative will be present at job site. The Contractor mnust
submit a proposed schedul e of activities, no later than [ ] days after
notice to proceed. The manufacturer must submit a list of characteristics
i ndi cati ng what defects or damage will necessitate replacement. The

manuf acturer nust submit a Quality Assurance Plan not later than [ ]
days after notice to proceed for fabrication, delivery, storage,
installation and testing of the system The manufacturer nmust subnmit data
sheets for all coatings and indicating thicknesses of insulation for
carrier pipes.

.5.2 Manuf acturer's Representative

Submit a letter fromthe system manufacturer, at |east [2 weeks] | ]
prior to the start of work, listing the experience and training of the
manuf acturer's representative, who nust be a person who regularly performs
the duties specified, is certified in witing by the UHDS manufacturer to
be technically qualified and experienced in the installation of the
system and authorized by the manufacturer to make and sign the daily
reports specified. The UHDS manufacturer's representative must be under
the direct enmploy and supervision of the UHDS manuf act urer

.5.3 Corrosi on Engi neer

Corrosion engineer refers to a person who, by know edge of the physica

sci ences and the principles of engineering and mathemati cs acquired by
prof essi onal education and rel ated practical experience, is qualified to
engage in the practice of corrosion control. Such person may be a

i censed professional corrosion engineer or certified as being qualified
by the National Association of Corrosion Engineers (NACE), if such
licensing or certification includes 3 years experience in corrosion
control on underground netallic surfaces of the type under this contract.
NACE certification nust be technol ogist, corrosion specialist, or cathodic
protection specialist. The corrosion engi neer nust nake at least 3 visits
to the project site. The first of these visits nust include obtaining
soil resistivity data, acknow edging the type of pipeline coatings to be
used and reporting to the Contractor the type of cathodic protection
required. Once the subnittals are approved and the materials delivered,
the corrosion engi neer nust revisit the site to ensure the Contractor
understands installation practices and | aying out the conponents. The
third visit must involve testing the installed cathodic protection systens
and training applicable personnel on proper maintenance techni ques. The
corrosi on engi neer must supervise, inspect, and test the installation and
performance of the cathodic protection system

.5.4 Testing Firm

Submit a Certificate of Qualification fromthe i ndependent testing firmor

firms, not later than [ ] days after notice to proceed. The Testing
Firmnust be able to certify that: weld exanination methods and
procedures, and the interpretation of radiographic filns will be perforned

in accordance with ASVE B31.1; the firmintends to utilize the proper film
exposure, techniques, and penetraneter to produce density and geonetric
sharpness in sufficient clarity to deternm ne presence of defects; and that
all radiographic filnms will be reviewed and interpreted, and reading
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reports signed, by not less than a Certified Arerican Society for
Nondestructive Testing Level 111 Radi ographer

1.5.5 Contract draw ngs

The contract drawi ngs acconmpanying this specification provide information
on:

a. The size of carrier pipes, approxinmate |ength, and site | ocation
of the system

b. The routing and el evation of the piping along the route.
c. Location and design of manhol es.

d. The obstacles that must be avoi ded al ong the path.

e. Location of piping anchors (anchors will be no closer than 1 m 3
feet or further than 1.5 m 5 feet fromentrance to manhol es or
bui | di ngs) at manhol es and/or buildings. |Incorporate anchors as

needed for the system
f. Operating pressure and tenperature of system
1.6 DELI VERY, STORAGE, AND HANDLI NG

Mai ntai n equi prent and material placed on the job in the custody of the
Contractor until final acceptance whether or not the Contractor has been
rei mbursed for the equi prent and material by the Governnent. The
Contractor is solely responsible for the protection of the equipnent and
mat eri al agai nst danmage from any source while stored or during
installation. Protect materials against damage from W light, and entry of
wat er and nmud, by installing watertight protection on open ends at al
times. Inmmediately replace sections of the casing or carrier piping found
to have been subjected to full or partial subnergence in water (which
woul d allow the insulation to becone wet). Cover naterials awaiting
installation to protect from UV degradati on

1.7 SI TE CONDI Tl ONS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: A site survey nust be nade of the proposed
routing of the UHDS. It is inportant that the site
survey report include the identification, |ocation
and depth of all existing underground utilities and
structures as well as all aboveground utilities,
roadways, structures, etc. Cdassification of the
site conditions will be used to determ ne the type
of systemto be used: a drainable, dryable, testable
(DDT) system should be allowed in severe, bad, and
noderate site conditions; a water-spread-limting
(WSL) system should be allowed in bad and noderate
site conditions for steam and condensate return
systenms only. Check with CECWETV before including
WEL systemin a project specification. A PIPI
system shoul d be allowed in noderate site
conditions. PIPI systens may al so be used in bad
sites where the water table is expected to never

ri se above the system Renove these paragraphs if
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the survey will be done by the Governnent.

A soils engineer, famliar with the underground

wat er conditions onsite, should be enployed to
establish the site classification. Site paraneters
are defined in TABLE A. |If underground water
conditions at the site are not available, a detailed
site classification survey will be nade and TABLE B
will be utilized to establish the site
classification. This survey should be conducted
within the framework of the follow ng guidelines:

a. The survey will be nmade after the general |ayout
of the system has been deternined and should cover
the entire length of the proposed system

b. The survey should be conducted during the tinme
of the year when the water table is at its highest
point. |If this is not possible, water table

nmeasur enents shoul d be corrected to indicate
conditions likely to exist at the tinme of year when
the water table is at its highest point.

c. Information on groundwater conditions, soi
types, terrain, and soil noisture content in the
area of the systemwill be collected. Information
on terrain, precipitation rates and irrigation
practices will be obtained if not available from
records at the installation

d. Required information will be obtained through
boring, test pits, or other suitable exploratory
means. Generally, a boring or test pit should be
made at | east every 30 nm 100 feet along the |ine of

t he proposed system and each exploratory hole
shoul d extend to a level at least 1.5 m 5 feet bel ow
the anticipated el evation of the bottom of the
system

e. Underground and aboveground utilities and
obstructions will be |ocated.

The | oad-bearing qualities of the soil in which the
systemw || be installed will be investigated by an
experi enced soils engineer (preferably the sane
engi neer responsible for other soils engineering
work), and the location and nature of potential soi
problens will be identified.
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TABLE A

SI TE CLASSI FI CATI ON DEFI NI TI ON BASED ON KNOWN UNDERGROUND WATER CONDI Tl ONS

Site
Classification

CGeneral Conditions for O assification

Severe The water table is expected to be frequently above the bottom of
the system and surface water is expected to accurnul ate and
remain for long periods in the soil surrounding the system
oR
The water table is expected to be occasionally above the bottom
of the system and surface water is expected to accunul ate and
remain for long periods in the soil surrounding the system

Bad The water table is expected to be occasionally above the bottom
of the system and surface water is expected to accunul ate and
remain for short periods (or not at all) in the soil surrounding
the system
oR
The water table is expected never to be above the bottom of the
system but surface water is expected to accunulate and remain
for short periods in the soil surrounding the system

Moder at e The water table is expected never to be above the bottom of the

system but surface water is expected to accunulate and remain
for short periods (or not at all) in the soil surrounding the
system

oR

The water table is expected never to be above the bottom of the
system but surface water is expected to accunulate and remain
for brief or occasional periods in the soil surrounding the
system

oR

The water table is expected never to be above the bottom of the
system and surface water is not expected to accumul ate or remain
in the soil surrounding the system
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TABLE B

SI TE CLASSI FI CATI ON CRI TERI A BASED ON SUBSURFACE SO L | NVESTI GATI ON

Site Cdassif- |Water Table Level Soi | Types Terrain |Precipitation
ication Rat es or
Irrigation
Practices in Area
SEVERE Water table within 300 |Any Any Any
mm 1 foot of bottom of
system
R
Water table within GC, SC, CL, Any Any
1500 mm 5 foot of CH O
bott om of system
BAD Water table within GWN GP, SW Any Any
1500 mm 5 foot of SP
bott om of system
R
No gr oundwat er GC, SC, Sw Any Equivalent to 75
encount er ed CH O mm3 in. or nore
in any 1 nonth or
500 mMmm 20 in. or
nore in 1 year.
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TABLE B
SI TE CLASSI FI CATI ON CRI TERI A BASED ON SUBSURFACE SO L | NVESTI GATI ON

Site Cdassif- |Water Table Level Soi | Types Terrain |Precipitation
i cation Rat es or
Irrigation

Practices in Area

MODERATE No gr oundwat er GM SM M, Any Equivalent to 75
encount er ed oL, MH mm3 in. or nore
in any 1 nonth or
500 mMmm 20 in. or
nmore in 1 year.

R

No gr oundwat er GC, SC, CL, Any Equi valent to 75

encount er ed CH O except mm3 in. or nore

low areas |in any 1 nonth or

500 mMmm 20 in. or
nmore in 1 year.

R

No gr oundwat er GWN GP, SW Any Any

encount er ed SP

R

No gr oundwat er GM SM M Any Equi valent to 75

encount er ed mm 3 in. or nore

in any 1 nonth or
500 nm 20 in. or
nmore in 1 year.

EE R R R S I R I R I R I R S R R R R R S R I R I R R R R R R R R

Base classification of the site conditions for the UHDS on ASTM D2487 and
the following criteria: | ].

PART 2 PRODUCTS

2.

1 STANDARD PRODUCTS

Provide for this project a designed system and equi pnent which is of
current production and that essentially duplicate systens that have been
in satisfactory use for at least 5 years prior to bid opening at 3

| ocations. Provide systens that have been operated under pressure,
tenperature and site characteristics which are equal to or nore severe
than the operating conditions in this specification and that have

di stributed the same medium Ensure the systemis supported by a service
organi zation that can reach the site after a service call within [48]

[ ] hours.
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2.2  FACTORY FABRI CATED, DI RECT-BURI ED DDT SYSTEMS
2.2.1 DDT Steam and Hi gh Tenperature Hot Water Carrier Pipes

Requi renents are in accordance w th paragraph HEAT DI STRI BUTI ON PI PI NG
2.2.2 DDT Condensate Carrier Pipes

Provi de steel, schedule 80 carrier piping for condensate return systemns.
Pi pe requirements are in accordance w th paragraph HEAT DI STRI BUTI ON
PIPING Do not |ocate condensate carrier pipes in conduit casings which
contai n steam pi pes or any other piping.

2.2.3 DDT Carrier Pipe Insulation

Provide carrier pipe insulation conformng to m ni mumthicknesses and type
listed in Tables 1 and 2 as required for tenperature specified under
par agraph Rated Characteristics.

2.2. 4 I nsul ati on Bandi ng and Scrim

Use stainless steel bands and clips, at least 13 nmr 1/2 inch wi de,
conformng to ASTM A167 (304 stainless steel), at a maxi mum spaci ng of 460
mr 18 inches over the scrimto secure the insulation onto the carrier

pi pe; use a mnimm of 2 bands for each 1300 nmm 4 foot section of

i nsulation. Scrimnust be vinyl-coated fiberglass with 18 x 16 nesh
(nunber of filanents per 25 mr 1 inch) and made of 0.335 mr 0.013 inch

di ameter vinyl-coated fibrous glass yarn

2.2.5 Casi ng

Provi de casing consisting of smooth-wall steel, electric resistance spiral
wel ded, conform ng to ASTM A134/ A134l, ASTM A135/ A135N, or ASTM A139/ A139N
and the val ues tabul ated bel ow. Provide eccentric connectors between
casing sections as needed to provide drai nage of casing section between
manhol es and bet ween nanhol es and bui | di ngs.

Casing Dianeter (nmm (inches) M ni mum Thi ckness (mm) (i nch)
150 - 660 6 - 26 6.35 0. 250
675 - 900 27 - 36 6.35 0. 250
940 - 1050 37 - 42 6.35 0. 250
1170 46 6.35 0. 250

2.2.6 Casing End Pl ates, Vents, and Drains

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Designer must accommodate 25 nmr 1 inch vent
pi pe in the design of the manhole.

EE R R R S I R R I R I R R S R R R I R S R I R I R R R S S O R R R R

Make end pl ates of ASTM A36/ A36N steel, mninumthickness 13 mr 1/2 inch
for conduit pipe sizes above 300 mr 12 inches and 9.5 mr 0.375 inches for
conduit pipe sizes 300 mr 12 inches and less. Provide a 25 mr 1 inch
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ASTM A53/ A53N, Sch 40, gal vani zed vent riser pipe on end plate vent

opening. Extend vent pipe to top of manhole and term nate 300 nm 12 inches
above grade with a 180 degree bend. Provide a 25 mm 1 inch drain at the
bottom and vent at the top. Furnish brass plugs and half coupling,
constructed with wel ded steel and weld to the end plate; plug drains; do
not plug vents.

2.7 Air Space

Provi de continuous 25 mr 1 inch mninmumair space between carrier pipe
i nsul ati on and casi ng.

. 2.8 Casi ng Coating

Coating rmust be rated by nmanufacturer for continuous service for at |east
25 years at tenperatures of 110 degrees C 230 degrees F. Apply coating in
accordance with the coating manufacturer's instructions, factory inspect
for holidays and repair as necessary.

.2.8.1 Fusi on- Bonded Epoxy

Use fusion-bonded epoxy casing coating with a mnimumthickness of 1 mr
0. 04 inches.

.2.8.2 Ur et hane El ast omer
Use urethane el astomer coating with a mni mumthickness of 1 mr 0.04 inches.
. 2.9 Coating of End Plates and Conduit Extending into Manhol es

Coat end plates and conduit extending into nanholes with a zinc-rich
coating conformng to AASHTO M 300 Type | A, except that volatile organic
conpounds must not exceed 0.34 kg/L 2.8 pounds/gallon. Apply zinc-rich
coating in accordance with the coating manufacturer's requirenents

i ncludi ng surface preparation. Do not apply additional top coat.

.2.10 Carrier Pipe Cuides

Space carrier pipe guides 3 m 10 feet on centers maxi mum no nore than 1.5
n5 feet from pipe ends, with a mninumof 3 guides per el bow section.

Desi gn guides to allow thermal expansion wi thout damage, to provide proper
pi pe guiding, and to allow horizontal nmovenment in 2 directions as required
at expansion | oops and bends. Design supports to permt flow of water

t hrough the support. Extend pipe insulation through the pipe guides and
protect by steel sleeves. Design guides to negate netal -to-netal contact
bet ween the casing and the carrier pipe. Do not conpress insulation or
non-metallic material used to ensure no netal -to-netal contact by the

wei ght of the carrier pipe when full of water.

.2.11  Anchor Pl ates

Anchor plate nust be ASTM A36/ A36lV steel, welded to carrier pipe and
casing, 13 mm 1/2 inch mnimumthickness, with passages for air flow and
wat er drai nage thru the annular air space in the system Coat exterior
surface of the anchor plate with the same coating material as the casing.
.2.12 Fi el d Connection of Casing Sections

Fi el d connect casing using a conpatible steel section, welded to casing
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sections, coated on all surfaces with UHDS nanufacturer's coating field
repai r compound, and covered with a 1.3 mr 0.05 inch mininumthickness

pol yet hyl ene shrink sl eeve designed for a service tenperature exceedi ng 80
degrees C 176 degrees F

2.2.13 Manuf acturer's ldentification

Provi de enmbossed brass or stainless steel tag, hung by brass or stainless
steel chain at each end of each conduit or insulated piping in the
manhol es and buil dings. Identify UHDS manufacturer's name, date of
installation, CGovernnment contract nunber, and manufacturer's project
nunber .

2.3 FACTORY FABRI CATED, DI RECT-BURI ED WSL SYSTEM

Rk Ik Sk kR IR R R O O Ok e S S R AR Ik R R O o O R O I S bk b R

NOTE: Contact HQ before allowing this systemto be
in the contract.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

2.3.1 WEL Steam and Carrier Pipes

Pi pe material requirenments nmust be in accordance with paragraph HEAT

DI STRIBUTI ON PI PING. Provide steel pipe with the ends nmachi ned and
netallized to provide a satisfactory sealing surface for the sealing
rings. The netallizing nmust be a high nickel alloy applied to an excess
t hi ckness and then nachined to the required OD

2.3.2 WEL Condensate Carrier Pipes

Carrier piping for condensate return systens nmust be steel, schedul e 80.
Pi pe requirenments nust be in accordance w th paragraph HEAT DI STRI BUTI ON
PIPING Do not |ocate condensate piping in casings which contain any

ot her pi pi ng.

2.3.3 Casing for Steam and Condensate

Provi de casing consisting of reinforced thernosetting resin plastic (RTRP)
pi pi ng manufactured by the filanent wi nding process. Ensure casing pipe
is wound to nmeet ASTM D2310 cl assification RTRP and ASTM D2996. Provide a
pol yester isothalic resin. Coat the outer surface with a pignmented,
protected resin containing a paraffinated wax and ultraviolet inhibitors.
Casing thickness is as foll ows:

Carrier Pipe Size (nm) (Inches) Caasi ng Thi ckness (m) (I nches)
50 2 5 0.185
80 3 5 0.185
100 4 5 0.185
150 6 6.5 0.250
200 8 6.5 0.250
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2.

Carrier Pipe Size (nm) (Inches) Caasi ng Thi ckness (m) (I nches)

250 10 6.5 0.250

300 12 6.5 0.250

3.4 Pi pe Coupling, Steam

Provide a nulti-stage seal coupling designed to acconmpdate the expansion
and contraction of the systemin the coupling. Provide couplings

consi sting of corrosion resistant materials capabl e of handling the design
characteristics of the systemlisted in paragraph Rated Characteristics.
Specifically design the annular seals and carrier pipe ends to protect the
seal s and resist abrasion due to lateral |oads in the system

.3.5 Pi pe Coupling, Condensate

Provi de coupling of a single stage seal design to accomopdate the
expansi on and contraction of the adjacent pipes. Provide coupling

consi sting of corrosion resistant materials capabl e of handling the design
characteristics of the systemlisted in paragraph Rated Characteristics.
Specifically design the annular seals and carrier pipe ends to protect the
seal s and resist abrasion due to lateral |oads in the system

.3.6 WEL Carrier Pipe Insulation

Provide insulation conforming to m ni mumthicknesses and type listed for
WEL systens in Tables 1 and 2 as required for tenperature in carrier

pi pe. Provide insulation consisting of an inner |ayer of high tenperature
calciumsilicate and an outer |ayer of polyurethane foam

.3.6.1 Calcium Silicate for Steam Systens

Provide calciumsilicate insulation consisting of a hydrous nateria
satisfactory for tenperatures to 650 degrees C 1200 degrees F. Ensure
calciumsilicate insulation conforms to ASTM C533. The physica
properties are as foll ows:

a. Density (dry): 208 kg/cubic neter 13 pcf (mninum.

b. Conpressive Strength to produce 5 percent conpression: 1723 kPa 250
psi (For 37 mr 1.5 inch thick sanple).

c. Maximum linear shrinkage after 24 hour soaking period at 650 degrees C
1200 degrees F: 1.1 percent

d. Maxi mum Thermal Conductivity k: k = W(nmeter*K) k =
BTU- | N HR- FT2-DEG F). \Where k varies with tenmperature as shown:

Mean Tenp (degrees C F) k

38 100 0.04 0.38
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Mean Tenp (degrees C F) k

93 200 0.04 0.41
149 300 0.04 0.44
204 400 0.04 0.48

2.3.6.2 Pol yur et hane Foam for Steam and Condensate Systemns
Provi de pol yurethane foamconformng to ASTM C591. Conpletely fill the
annul ar space between the calciumsilicate insulation and the casing for
t he steam pi pe and between the carrier pipe and the casing for condensate
return systemwth the pol yurethane foam Use pol yuret hane foam
i nsulation that nmeets the foll owi ng requirenents:
a. Type: Two conponent urethane.

b. Conpressive Strength: 172 kPa 25 psi parallel to rise (mnimmat 50
percent conpression).

c. Shrinkage: None at -1 to 21 degrees C 30 to 70 degrees F

d. Free Rise Density: 32 kg/cubic nmeter 2 pcf.

e. Maxi mum aged k (32 degrees C 90 degrees F 90 percent RH for 72
hours): 0.02 WnK 0.14 (BTU-INHR FT2-DEG F) at 24 degrees C 75
degrees F, when tested in accordance with ASTM C518.

f. MnimmdC osed Cell Content: 90 percent

2.3.6.3 I nsul ation Concentricity

Ensure carrier pipe is concentric in relation to the casing pipe. The

al | owabl e maxi mum devi ation fromcenter line of the carrier pipe is plus

or mnus 6 m 1/4 inch at the casing center point and plus or mnus 1.5 nm

1/16 inch at the end seals.

2.3.6.4 Insul ated Fittings

Provide fittings that are pre-insulated by manufacturer using the sane
i nsul ation thickness and casing as the strai ght sections.

2.3.6.5 Coupling Insulation for Steam Systens
Use material conposed of refractory conposite to | ock the bronze coupling
in the casing. Ensure the approxi nate m ni mum conductivity of this
material is 0.2 W(ntrK) 1.6 (BTUHR F/IN DEG F) at a nean tenperature of
1260 degrees C 2300 degrees F

2.3.6.6 Coupling Insulation for Condensate
Insul ate the coupling with polyurethane foamas specified. Use an

i nsul ation thickness equal to the carrier pipe insulation. Encase the
coupling in the same casing as the pipe.
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2.

3.7 Manuf acturer's ldentification

Provi de an enmbossed brass tag hung by a brass chain, or a stainless stee
tag hung by a stainless steel chain, at each end of each casing or

i nsul ated piping in the manhol es and buildings. Identify UHDS

manuf acturer's nane and date of installation

.3.8 End Seal s

Each preinsul ated section of piping nust conpletely seal the insulation
provi ding a permanent water and vapor seal at each end. Provide

prei nsul ated factory fabricated sections of piping nodified in the field
with an end seal which is equivalent to the end seals furnished with the
prei nsul ated section of piping. Conduct tests by the UHDS manufacturer to
denonstrate that casings, couplings and end seals are capable of resisting
penetration of water into the casing and insul ati on under rated
conditions. Performtests on each type of pre-fabricated systemto be
furnished, and verify the test results by an independent testing

| aboratory. Test and certify the steam and condensate return systenms in
accordance with paragraph Assenbly Test of WSL Systens for Condensate
Return Service

.3.8.1 End Seal s for Steam Service

Provi de el astoner-ring type end seals designed and dinensioned to fit in
t he annul ar space between the casing and the carrier pipe. Use
multi-polyner alloy filmtype tape, which is conpatible with synthetic
el astomeric tape and suitable for cold application, for covering field
repair joints.

.3.8.2 End Seal s for Condensate Return Service

Provi de one of the follow ng types of end seals:

a. Carrying the outer casing over tapered pipe insulation ends and
extending it to the carrier pipe. Provide sufficient surface bondi ng
area between the casing and the carrier pipe.

b. Using specially designed nolded caps nade of pol yethyl ene or rubber of
standard manufactured thickness. Provide a mnimnm 40 mr 1-1/2 inch
surface bondi ng area between the cap and both the casing and carrier

pi pe.

c. Using elastoner-ring end seals designed and di nensioned to fit in the
annul ar space between the casing and the carrier pipe.

d. Using a waterproof mastic seal vapor barrier over the exposed
i nsul ati on ends.

e. Shrink sleeves.

.3.9 Test of WBL Systens for Steam Service

Denonstrate that the WBL systemw || operate successfully for 25 years
under typical operating conditions. Conduct tests in both a dry and wet
environnent. Provide WSL system as described in the manufacturer's
brochure. Conduct the testing program described bel ow at the expense of
the WBL system manufacturer. Ensure test are witnessed and verified by an
i ndependent testing |laboratory. Hydrostatically test the entire
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pre-insul ated test section with water to 2600 kPa 375 psig (1.5 tinmes the
rated pressure) before and after tenperature cycling. Conduct tests in a
dry environment for 60 cycles followed by a test in a wet environnment for
60 cycles for a total of 120 cycles. The test in the wet environment
denonstrates resistance to ground water infiltration. Conduct all tests
on 1 test section and conplete all testing in 1 time period (approximately
6 weeks) and continue the 120 testing cycles except for weekend tine

peri ods.

.3.9.1 Appar at us

Use a curved bottomtest tank at least 3.7 m 12 feet long, 0.8 nm 32 inches
wide, 0.8 m 32 inches deep. Fit the tank with a gasketed and bolted cover
to pressurize the tank to 60 kPa 8.67 psig. Provide a drain at the | owest
point and a vent at the highest point. Centrally |ocate nanhol e entrance
sleeves (i.e. wall sleeves through the ends of the tank to sinulate
manhol e entries in actual field conditions) on each end of the tank
Include the follow ng auxiliary equi pnent: Steam supply with sufficient
capacity to satisfy testing requirenents, makeup water tank and punp, and
a neans for continuously recording tenperatures and pressures at needed

| ocations. Use thernocouples to record tenperatures and pressure at the
foll owi ng points:

a. Carrier pipe at tank inlet (in thernowell).

b. Casing at mid-point in pipe |length (on casing).

c. Casing at anchor point (above FRP overwap on plate).

d. Casing at field joint (repair, on casing).

e. Casing at coupling md-point (on casing).

f. End seal flange at coupling (on el astomer).

g. CQuter edge of new end plate (at steel plate and FRP w ap).

h. Carrier pipe at specinmen outlet end (in thernmowell).

i. Interface of calciumsilicate and pol yurethane insul ations.

j. Interface of calciumsilicate and pol yurethane insul ations.

k. Carrier pipe internal pressure, at inlet to test specinen.

. Pressure at test tank

Ensure surface thernocouples are epoxied to the surface of the casing.
Check and record the calibration of the thernocouples prior to
installation and record within 0.06 degree C 0.1 degree Fresol ution
.3.9.2 Test Section

Provide a 100 mrm 4 inch steel carrier pipe test section consisting of 8 i
27 feet of pre-insulated pipe neeting specified materials and design

requi renents. Encase approximately 3.7 m 12 feet of the test section
within the tank as described below. Provide test section within the tank

consi sting of an expansion coupling, field repair joint, anchor plate,
anchor bl ock and end seals. Install the test section (as directed) on at
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| east 280 nmmr 11 inches of firmy tanped sand. Surround the casing with

sand, and ensure the top surface of the sand is no farther than 100 mr 4
inches fromthe top of the tank. Anchor the test section to the tank wal
at one end and the building floor at the other end on the portion of the
pi pe external to the tank. The expansion coupling rmust be msaligned by
1.5 degrees in the horizontal plane. |Introduce sand (118 nL 4 fluid o0z)
into the carrier pipe and di sbhurse throughout the test |oop at startup

.3.9.3 Resi stance to Water Damage and Joi nt Leakage

This test nmust simulate the operation of the WL systemto assure the
systemw || provide successful service life thru its expected |life span
Test the systemin steam service by cycling for an extended period of
time, as described bel ow. Deem system perfornmance successful if there is
no joint |eakage, deformation of the casing, deterioration of the end
seal s, or any other deleterious effects.

a. Subject the piping systemto 60 cycles of steamintroduced into the
system whil e at anbient tenperature 38 degrees C 100 degrees F up to a
tenperature of 207 degrees C 406 degrees F (as nmeasured at the core
pi pe at the tank inlet and tank outlet) and back to ambient
tenmperature. Hold the systemat 207 degrees C 406 degrees F ninimum
for a m nimum of 30 m nutes, each cycle. Continue this cycling for 60
cycles in dry sand foll owed by 60 cycles in a saturated environment.
Allow the reduction in tenperature to 38 degrees C 100 degrees F to
occur naturally with no artificial neans of cooling used.

b. Ensure results conformto paragraph Criteria for Satisfactory Results
and Reporti ng.

.3.9.4 Resi stance to Mechanical or Structural Damage

This test nmust sinmulate | oads induced by truck traffic over pipe, which
may occur under actual operating conditions. Conduct this test comencing
with the 41st cycle of the resistance to water damage and joint | eakage
test and continue through the 60th cycle. Continue other aspects of the
resi stance to water damage and joint | eakage test sinultaneously with this
test.

.3.9.4.1 Appar at us

Sane as for apparatus used in resistance to ground water infiltration test
with the addition of a 96 kPa 2000 psf |oadi ng device. Use a hydraulic
jack to apply the test pressure against a 500 by 500 nmr 18 by 18 inch

pl ate bearing on the sand directly over the coupling in the tank

.3.9.4.2 Procedure

Apply a steady and constant vertical |oad of 96 kPa 2000 psf to the plate

for 14 days during the test. Install the test section as in the

resi stance to ground water infiltration test. During the 14 day | oadi ng
period, circulate steamthrough the carrier pipe alternately at anbient and
207 degrees C 406 degrees F as in earlier test.

.3.9.4.3 Resul ts

Requi renents nust be in accordance with paragraph Criteria for
Satisfactory Results and Reporting.
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2.3.9.5 Resi stance to Ground Water Infiltration

This test is the wet environment test conducted during the second 3 weeks
(61st to 120th cycles) of the test period to show that the WSL system wi | |
resi st the penetration of ground water into the system

.3.9.5.1 Appar at us

Sane as for basic apparatus used in Resistance to Water Damage and Joi nt
Leakage phase test, plus the follow ng:

a. One 200 L 50 gallon water reservoir with a O to 206 kPa 0 to 30 psig
pressure gauge and conpressed air connection

b. Provisions to introduce pressurized red dye into the curved bottom
test tank. Mx the water/dye solution to a concentration in
accordance with the dye manufacturer's recomendati on for maxi num
detectability.

c. One pressure tank with O to 206 kPa 0 to 30 psig static pressure gauge.
.3.9.5.2 Procedure

Start this phase on the 61st cycle and continue until the 120th cycle.
The test section of pipe nust be the sanme test segnent used in the
previous tests. Bolt the tank cover in place and begin the resistance to
ground water infiltration test. Attach the water/dye source to the fill
fitting and attach a surge tank to the vent with a tee fitting. Attach a
O to 206 kPa 0 to 30 psig static pressure gauge to the pressure tank. The
ot her branch of the tee fitting rmust enploy a shut-off valve. Wth the
shut-of f val ve open, adnmit the water/dye mxture into the tank through the
fill fitting until the tank is full and water/dye runs freely fromthe
open valve. Cose the valve and continue filling until the pressure
reaches 60 kPa 8.67 psig. Mintain the tank pressure throughout the test
period. Circulate steamthrough the carrier pipe and cycle fromanbient to
207 degrees C 406 degrees F as in the previous test. At the end of the
test, relieve the pressure by opening the vent valve and drain the
wat er/ dye fromthe tank through the drain fitting

.3.9.5.3 Results

Requi renents nust be in accordance with paragraph Criteria for
Satisfactory Results and Reporting.

.3.9.6 Criteria for Satisfactory Results and Reporting

.3.9.6.1 Reporting

Record | ogs of times and tenperature to assure conpliance with test

requi renents and procedures. Produce conpl et e phot ographi c docunentation
of the construction and operation of the test facility, as well as the

pi pi ng system conmponents before and after testing. Analyze data to assure
conpl ete conpliance with test objectives.

.3.9.6.2 Dr awi ng

Provi de a drawi ng showi ng details of the test apparatus and test specinen.
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2.3.9.6.3 Resi stance to Water Danmmge and Joi nt Leakage Test

Renove joints and end seals for examination, imediately upon conpletion
of all test cycles. Successful results must show that steam has not

| eaked out of the carrier pipe and that the components show no signs of
deterioration.

.3.9.6.4 Resi stance to Mechanical or Structural Danage Test

Provi de casing that is not be damaged or deformed enough to inpair
functioning of the system Do not rupture nor deform casing nore than 25
nr 1 inch in any direction. 1In casings with pipe anchors, separation

bet ween the casing and the pipe anchor interface is not all owed.

.3.9.6.5 Resi stance to Ground Water Infiltration Test

Do not allow the water/dye solution to enter the insulation. Determne
this by renoving and inspecting all joints and seals for dye penetration
at the end of the test. Results will be deemed successful if no solution
is evident in the insulation

.3.9.6.6 Evi dence of Test Results

After conpletion of all tests, disnmantle the test apparatus for visua

i nspection of all critical conponents subjected to the heat cycling, water
infiltration and loading tests. Al parts will be exam ned thoroughly for
any detrinental affects. Conduct identified exam nations. Keep |og
sheets, test data and col or photographs on file and make avail abl e as
required to docunment and substantiate conpliance to the test requirenents.

.3.9.6.7 Repor t

Submit a report fromthe independent testing agency. The report mnust
i nclude the | aboratory analysis of the condition of the test section and
attest that the testing conditions were foll owed.

.3.10 Test of WBL Systens for Condensate Return Service

Submit test reports in booklet formshowing all factory and field tests
performed to prove conpliance with the specified performance criteria,
upon conpletion and testing of the installed system Use testing and
certification procedures by an independent testing |aboratory to
denonstrate that casings and end seals are capable of resisting
penetration of water into the casing and insulation. Performthe test on
the type of prefabricated systemto be furnished. |If nore than one type
of prefabricated systemis to be used, performthe tests on each type.
Performtest consisting of hot and cold cycle testing foll owed by
imersion in a water filled chanber with a head pressure. The hot and
cold cycle testing must consist of 14 days of tenperature cycling.

a. Circulate a fluid with a tenmperature of 5 degrees C 40 degrees F
through the carrier pipe, alternating every 24 hours with a fluid with
a tenperature of 95 degrees C 200 degrees F circul ating through the
carrier pipe for a low tenperature hot water or dual tenperature
service, or 24 degrees C 75 degrees F for a chilled water service.

b. While the hot and cold cycle test is being performed, either bury or

encase the test sanmple in dry bedding sand with a mni numof 300 mr 12
i nches of sand all around the test sanple. Ensure the carrier pipe
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size of the test sanple is 75 nr 3 inches in dianeter and restrain
during the test period. The insulation thickness nmust not exceed the
maxi mum t hi ckness provided for the piping in the project.

c. Transition tine for tenmperature cycle testing rmust not exceed 15
mnutes in going fromcold to hot and 30 mnutes in going fromhot to
cold. The fluid in the carrier pipe may be water, oil or heat
transfer fluid. Followi ng the hot and cold cycling test, inmerse the
test sample in a water filled chanber. The pressure on the highest
poi nt of the test sanple must not be | ess than 60 kPa 20 feet of water
head pressure subjected over the entire length of the 2.4 m 8 foot
test sanple of prefabricated pipe.

d. Use water containing a dye penetrant to check for end seal |eakage.
Hold the pressure in the chanber for no | ess than 48 hours. Upon
conpletion of this pressure test, cut open the test sanple. Wth the
use of a light that will readily show the presence of the dye that was
in the water, inspect the test sanple. Evidence of the dye inside the
test sanple indicates that the end seal is not acceptabl e and cannot
be certified.

.4  WATER SPREAD LI M TI NG POURED- | N- PLACE | NSULATI ON (PI PI) SYSTEM

4.1 Pl PI Steam and Hi gh Tenperature Hot Water Carrier Pipes

Requi renents nust be in accordance with paragraph HEAT DI STRI BUTI ON PI Pl NG
4.2 Pl PI Condensate Carrier Pipes

Provi de steel, schedule 80 carrier piping for condensate return systens.
Ensure pipe requirenents are in accordance with paragraph HEAT

DI STRI BUTI ON PI PI NG

. 4.3 PI Pl Carrier Pipe Insulation

Provide carrier pipe PIPI conformng to mninumthickness and type |isted
in Table 3 as required for tenperature specified under paragraph Rated
Characteristics.

4.4 Pour ed-i n-Pl ace Insul ation - Physical Properties

Provi de poured-in-place insulation consisting of cal cium carbonate powder
chemically nodified to be hydrophobic with no particles exceeding 1 mmin
any dinmension. The installed density nust fall in the range of 960 to 992
kg/ cubic meter 40 to 62 | b/cubic foot when tested in accordance with
ASTM D1895. Perform additional product testing at the identified
installed density in accordance with ASTM C177.

. 4.5 Pour ed-i n-Pl ace Insulation - Thermal Properties

The thermal conductivity of the PIPI nmust not exceed 0.083 WnK 0.58
Btu-in/hr-square foot-degree F at 37.8 degrees C 100 degrees F, and 0.099
WnK 0.68 Btu-in/hr-square foot-degree F at 149 degrees C 300 degrees F
when tested in accordance with ASTM CL77.

.4.6 Poured-in-Place Insulation - Electrical Properties

Ensure the electrical resistivity of the PIPI is not less than 1 by 10 to

the 12th power ohmcm
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2.4.7 Pl PI System Pi pi ng Anchors, Supports, and Gui des

Ensure the design and |ocation of pipe anchors, pipe supports, pipe
gui des, and expansi on cushions are in conpliance with the nost recent
desi gn nanual avail able fromthe PI Pl nanufacturer.

2.4.8 Pl PI Envel ope Penetrations

Desi gn penetrations through the PIPI envel ope in conpliance with the nost
recent design manual available fromthe PIPlI manufacturer. Coat all pipe
anchors, pipe supports, pipe guides and manhole walls that cone in contact
with the PIPI with a nastic conpound. For pipe service tenperatures up to
204 degrees C 400 degrees F, use a mastic conpound consi sting of

bi tumastic coal tar. For pipe service tenperatures in excess of 204
degrees C 400 degrees F, use silicone grease.

2.5 Pl PE | NSULATI ON TYPE AND M NI MUM THI CKNESS

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

NOTE: Delete inapplicable colums in Tables 1 and 2.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Conply with EPA requirenments in accordance with Section 01 33 29
SUSTAI NABI LI TY REQUI REMENTS AND REPORTI NG. Materials containing asbestos
will not be permitted. The mninumthickness of insulation for the heat

di stribution system nust be in accordance with Tables 1 and 2 in which the
i nsul ations |listed have passed the 96 hour boiling water test.

TABLE 1
M NI MUM Pl PE | NSULATI ON THI CKNESS (nm) (I nches)
For Steam (100 to 2,800 kPa (gage)) (16 to 408 psig) and H gh Tenperature Hot \Water
Supply and Return (120 to 230 degrees C) (250 to 450 degrees F)
I NSULATI ONS for Drai nabl e/ Dryabl e Systens I NSULATI ONS for O her
Pr e- Engi neered Systens
Nomi nal Pi pe Delta Ther onp- 12 MPT- PF Cal ci um WSL
Di ameter (nm Super Cal tenp MPT- PC Silicate Pol yur et hane
(i nches)
251.0 652. 5 1004. 0 502.0 N A N A
401.5 652. 5 1004.0 502.0 N A N A
502.0 853.5 1104.5 652. 5 N A N A
652. 5 853.5 1104.5 652. 5 N A N A
803.0 1004. 0 1255.0 753.0 251.0 +31+1. 23
1004. 0 1004. 0 1255.0 753.0 251.0 +31+1. 23
1255.0 1004.0 1255.0 753.0 N A N A
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TABLE 1

M NI MUM PI PE | NSULATI ON THI CKNESS (nm) (1 nches)

For Steam (100 to 2,800 kPa (gage)) (16 to 408 psig) and H gh Tenperature Hot \Water
Supply and Return (120 to 230 degrees C) (250 to 450 degrees F)

I NSULATI ONS for Drai nabl e/ Dryabl e Systens I NSULATI ONS for O her
Pr e- Engi neered Systens
Nomi nal Pi pe Delta Ther onp- 12 MPT- PF Cal ci um WSL
Di ameter (nm Super Cal tenp MPT- PC Silicate Pol yur et hane
(i nches)
1506.0 1104.5 1355.5 853.5 351.5 +34+1. 34
2008.0 1104.5 1355.5 853. 5 502.0 +30+1. 21
25010.0 1255.0 1506. 0 1004. 0 652. 5 +33+1. 31
30012.0 1255.0 1506. 0 1004. 0 502.0 +32+1. 29
35014.0 1255.0 1506.0 1004.0 N A N A
40016.0 1255.0 1506. 0 1004. 0 N A N A
45018.0 1255.0 1506.0 1004.0 N A N A
1) Delta is available from Rockwool in Leeds, Al abans.

2) MPT is available from M neral

Products of Texas in Houston,

X

3) Therno-12 and Super Caltenp are available from Johns Manville in

Denver,

Col or ado.

TABLE 1A
M NI MUM PI PI

THI CKNESS (mm) (I nches)

For Steam (100 to 2,800 kPa (gage)) (16 to 408 psig) and Hi gh Tenperature Hot \Water

Supply and Return (120 to 230 degrees C) (250 to 450 degrees F)

Nomi nal Pi pe Di aneter Si des and Bottom Bet ween Pi pes Above Pipes
(mm (i nches)
251.0 1004.0 502. 0 1255.0
401.5 1004.0 502. 0 1255.0
502. 0 1004.0 502. 0 1255.0
652. 5 1004.0 502. 0 1255.0
803.0 1004.0 502. 0 1255.0
1004.0 1255.0 502. 0 1506. 0
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TABLE 1A
M NI MUM PI Pl THI CKNESS (mm) (I nches)
For Steam (100 to 2,800 kPa (gage)) (16 to 408 psig) and H gh Tenperature Hot \Water
Supply and Return (120 to 230 degrees C) (250 to 450 degrees F)
Nomi nal Pi pe Di aneter Si des and Bottom Bet ween Pi pes Above Pipes
(mm (i nches)
1255.0 1255.0 753.0 1757.0
1506.0 1506.0 753.0 1757.0
2008.0 1506. 0 1004. 0 2008.0
25010.0 1506. 0 1004. 0 2008.0
30012.0 1757.0 1004. 0 25010.0
35014.0 1757.0 1004. 0 25010.0
40016.0 2008.0 1255.0 25010.0
45018.0 2008.0 1255.0 25010.0
TABLE 2
M NI MUM PI PE | NSULATI ON THI CKNESS (nmm) (|1 nches) CONDENSATE RETURN
I NSULATI ONS for Drai nabl e/ Dryabl e Systens I NSULATI ONS f or
G her
Pr e- Engi neer ed
Syst ens
Nomi nal Pi pe Delta Ther omp- 12 MPT- PF Pol yur et hane
Di ameter (nm Super Cal tenp MPT- PC
(i nches)
251.0 502.0 753.0 351.5 N A
401.5 502.0 753.0 351.5 N A
502.0 502.0 753.0 351.5 190. 77
652. 5 502.0 753.0 351.5 N A
803.0 632.5 853. 5 502.0 261. 05
1004. 0 632.5 853. 5 502.0 261. 05
1255.0 632.5 853. 5 502.0 N A
1506. 0 763.0 1104.5 632.5 301. 32
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TABLE 2

M NI MUM PI PE | NSULATI ON THI CKNESS () (1 nches) CONDENSATE RETURN

I NSULATI ONS for Drai nabl e/ Dryabl e Systens I NSULATI ONS f or
Q her
Pr e- Engi neer ed
Syst ens
Nom nal Pi pe Delta Ther onp- 12 MPT- PF Pol yur et hane
Di ameter (nm Super Cal tenp MPT- PC
(i nches)
2008.0 763.0 1104.5 632.5 N A
25010.0 1004. 0 1255.0 763.0 N A
30012.0 1004. 0 1255.0 763.0 N A
35014.0 1004. 0 1255.0 763.0 N A
40016.0 1004. 0 1255.0 763.0 N A
45018.0 1004. 0 1255.0 763.0 N A

1) Delta is available from Rockwool in

Leeds, Al abana.

2) MPT is available from M nera

Products of Texas in Houston, TX

3) Therno-12 and Super Caltenp are available from Johns Manville in

Denver, Col orado.
TABLE 2A
M NI MUM Pl Pl THI CKNESS (mm) (I nches)
CONDENSATE RETURN
H GH TEMPERATURE HOT WATER RETURN SYSTEM
Nom nal Pi pe Dianeter (mm) (inches) Si des and Bottom
251.0 753.0
401.5 753.0
502.0 753.0
652. 5 1004.0
803.0 1004.0
1004. 0 1004.0
1255.0 1004.0
1506. 0 1004.0
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2.

2.

TABLE 2A
M NI MUM PI Pl THI CKNESS (mm) (I nches)
CONDENSATE RETURN
H GH TEMPERATURE HOT WATER RETURN SYSTEM
Nom nal Pi pe Dianeter (mm) (inches) Si des and Bottom

2008.0 1255.0
25010.0 1506. 0
30012.0 1506. 0
35014.0 1757.0
40016.0 1757.0
45018.0 1757.0

Note: 1) For return lines only the side dinension is provided as other dinensions are

taken fromthe tables for the supply size and operating conditions.

6 HEAT DI STRI BUTI ON PI PI NG
6.1 Steam and Hi gh Tenperature Hot Water Pipe

Pi pe naterial nust be steel; seanl ess ASTM A53/ A53VN, Grade B or

ASTM A106/ A106l, Grade B; or electric resistance wel ded ASTM A53/ A53N
Grade B; Schedule 40. Standard weight will be permitted for pipe sizes
300 mr 12 inches and above. ASTM A53/ A53l, Type F furnace butt wel ded
pipe will not be allowed. Joints will not be allowed in factory
fabricated strai ght section of carrier pipes. Provide factory fabricated
pi pi ng sections, as part of an expansion |loop or bend, with all wel ded
joints 100 percent radi ographically inspected in accordance with ASVE B31. 1.
Ensure radi ographs are reviewed and interpreted by a Certified American
Society for Nondestructive Testing (ASNT) Level I11 radiographer, enployed
by the testing firm who will sign the reading report.

.6.1.1 Condensat e Pi pe

Pi pe nust be steel; seam ess ASTM A53/ A53V, Grade B or ASTM A106/ A106,
Grade B, schedule 80; electric resistance wel ded ASTM A53/ A53lv, G ade B;
Schedul e 80. ASTM A53/ A53V, Type F furnace butt wel ded pipe will not be
allowed. Joints will not be allowed in the factory fabricated straight
section of the carrier pipe. Provide factory fabricated piping sections,
as part of an expansion loop or bend with all welded joints 100 percent
radi ographically inspected in accordance with ASME B31.1. Ensure

radi ographs are reviewed and interpreted by an ASNT Certified Level 111
radi ographer, enployed by the testing firm who will sign the reading
report.

.6.1.2 Joints

Provide butt-weld joints except socket-weld joints are permitted for pipe
sizes 50 nr 2 inches and smaller. Dye penetrant may be used in place of
100 percent radiographic inspection for pipe sizes 50 mr 2 i nches and

bel ow. Indicate location and elevation of all field joints on detailed
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design layout drawings. Split-ring welding rings may be used.
2.6.2 Fittings

Radi ographically inspect welds in factory fittings. Ensure radi ographs

are reviewed and interpreted by a Certified ASNT Level |I1l radiographer
enpl oyed by the testing firm who will sign the reading report. The
Contracting O ficer nmay review all inspection records, and if any welds

i nspected are found unacceptable in accordance with ASVE B31.1, renpve,
repl ace, and radi ographically reexanmine the fitting at no cost to the
Gover nrent .

2.6.2.1 But t - Vel ded

Fittings must be steel; ASTM A234/ A234l, G ade B or ASME B16.9, sane
schedul e as adjoining pipe. Provide |long radius el bows unl ess ot herw se
i ndicated. Provide full size or reducing tees as required, with interior
surfaces snoothly contoured. Split-ring welding rings may be used.

2.6.2.2 Socket - W\l ded

Use forged steel ASME B16.11; 13,800 kPa 2000 pound class fittings for
pi pe sizes 50 mm 2 inch and bel ow. Dye penetrant inspection may be used
in lieu of radiographic inspection of welded fittings for pipe sizes 50 mv
2 inches and bel ow.

2.7 EXPANS|I ON LOOPS AND BENDS

Ensure stresses are | ess than the maxi mum al | owabl e stress fromthe Power
Pi pi ng Code (ASME B31.1). Submit pipe-stress and system expansi on

cal cul ations for each expansi on conpensation el bow using a finite el enent
conput er generated 3 di nensional analysis, no later than [7 days] | ]
after notice to proceed. Denpbnstrate with calcul ations that pipe stresses
fromtenperature changes are within the allowable requirenments in

ASME B31.1 and that the anchors and the guides will wthstand the
resultant forces. Include all analysis node points in the detail ed design
| ayout drawi ngs. As a mninmm include node stresses, forces, nonents and
di spl acenents in conputer analysis results. Ensure calculations are
stanped by a regi stered Professional Engineer in the enploy of the UHDS
manuf acturer. Provide detail ed design |ayout draw ngs and stress and
anchor force calculations for all |oops and bends. Show | ocations of al
anchors, guides and supports. Base calculations on design characteristics
(pressures and tenperatures) specified for both the supply and return
lines.

PART 3 EXECUTI ON
3.1 PREPARATI ON
3.1.1 Job Conditions

Phasi ng of [denolition and construction] [construction] must be as shown
on contract draw ngs.

3.1.2 Interruption of Existing Service
Submit schedul e of proposed outages and interruptions of existing

services, [14 days] | ] in advance. Arrange, phase and perform work
and provide tenporary facilities, materials, equipment, and connections to
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3.

utilities, to ensure adequate heat distribution service for existing
installations at all tines. Only necessary interruptions required for

maki ng connections will be permitted, and only at tines when approval is
obtained fromthe Contracting Oficer. Set all interruptions to be

[ between the hours of | ] and [ 11 [as approved by the Contracting
Oficer].

. 1.3 Gradi ng

Unl ess ot herwi se shown on the contract drawings or the detailed design

| ayout drawi ngs, grade steam condensate and hi gh tenperature hot water
supply/return lines uniformy dowward no |l ess than 40 mmin 10 neters 5.0
inches in 100 feet to the I ower point of entry between nmanhol es and/ or

buil ding entries.

1.4 Connecting to Existing Work

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Any connections to the UHDS distribution will
only occur in manhol es. Designer nust ensure that a
t hor ough survey of the aboveground and under gr ound
conditions is perforned. The contract draw ngs nust
identify all potential interferences or conflicts.

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

Submit changes required to the UHDS design due to interferences or
conflicts, upon realization of interferences or conflicts. Connect new
work to existing work in a neat and workmanli ke manner. Make connecti ons
only in manhol es. \Where an existing structure nmust be cut or existing
utilities interfere, bypass, renove, replace or relocate, restore and
repair such obstructions. btain approval fromthe UHDS desi gner and the
Contracting Oficer for any changes required to the UHDS design as a
result of interferences or conflicts. Restore disturbed or damaged work
toits prior condition.

.1.5 Coor di nati on

Coordi nate the location of all itens of equipnment and work of all trades.
Mai ntai n operability and maintainability of the equi pment and systens.

1.6 Vari ations

Submit any variations fromthe approved, detailed design |ayout draw ngs
to the Contracting Oficer for approval. Ensure variations are signed and
seal ed by the UHDS nmanuf acturers' professional engineer responsible for

t he conpl ete design of the UHDS

.2 DEMOLI TI ON

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: Ensure that Section 02 41 00 DEMOLI TI ON AND
DECONSTRUCTI ON i s i ncluded in project
specifications. Denolition work should be well
defined in the drawi ngs and specifications;
phot ogr aphs shoul d be included in the contract
package, if avail able.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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3.

3.

2.1 Denol i ti on Procedures

Perform work in accordance with requirenents for phasing. Renove pipe,

val ves, fittings, insulation, and hangers, including the connection to the
structure and any fastenings. Seal openings in nmanhole or building walls
after renoval of piping. Material and equi pnent renoved is the property
of the Contractor and renmove from Governnent property within 1 week and do
not store in operating areas. Performflanme cutting with adequate fire
protection facilities available as required by safety codes and
Contracting O ficer.

2.2 Asbest os Renpva

EE R R R S I R I R I R I R S R R R R O S R R S R R R R R R R R

NOTE: Existing systens may include asbestos
containing materials. Provisions nmust be nmade for
an asbestos survey to be performed and abat enment
neasures to be included in project specification if
necessary.

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

Renpve asbestos in conformance with Section 02 82 00 ASBESTOS RENMEDI ATI ON

.3 PI PE, PIPI NG JO NTS AND FI TTI NGS

. 3.1 Joi nt Preparation

Clean pipe and fittings inside and outside before and after assenbly.
Renove dirt, scale, and other foreign matter frominside the piping by use
of a pipe swab or pipe pig before connecting pipe sections, valves,

equi prent or fittings. Use eccentric connectors as needed between casing
sections to provide drai nage of casing section between nanhol es and

bet ween manhol es and bui | di ngs.

.3.2 Di rection Changes

Make changes in direction with factory-built reinforced fittings.
Field-fabricated fittings and mters are not permitted.

.4 VEELDI NG

Submit Certification of Acceptability of all welds nade in the field, upon
conpletion of the project. This certification consists of a letter

signed by an official of the independent testing firmor firnms exam ning
wel ds, stating that all provisions of this specification have been
conplied with, and that all welds inspected radi ographically have net the
specified acceptability standards. The Contractor will be responsible for
wel ding quality and must:

a. Conduct tests of the welding procedures used in the work, deternine
the suitability of the procedures used, determ ne that the welds made
will neet the required tests, and determ ne that the wel ding operators
have the ability to make sound wel ds under standard conditi ons.

b. Conply with ASVE B31. 1.

c. Performall welding operations required for construction and
installation of the heat distribution system
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3.4.1 Qualification of Wlders

Rul es of procedure for qualification of all welders and genera
requi renents for fusion welding must conformw th the applicable portions
of ASME B31.1, and as outlined bel ow

3.4.2 Exam ni ng Wl ders

Exam ne each wel der to determine the ability of the welder to neet the
required qualifications. Test welders for welds in all positions,
including welds with the axis horizontal (not rolled) and with the axis
vertical. Each welder nust:

a. Wldonly in positions in which they have qualifi ed.

b. Identify welds with the specific code marking signifying nane and
nunber assi gned.

3.4.3 Exam nation Results

Furnish a list of welder's names and correspondi ng code markings. Retest
wel ders who fail to neet the prescribed welding qualifications. Wlders
who fail the second test sre disqualified for work on this project.

3.4.4 Bevel i ng

Make field and shop bevel s by mechanical neans or by flame cutting. \Where
beveling is done by flane cutting, thoroughly clean surfaces of scale and
oxi dation just prior to welding.

3.4.5 Al i gnnent

Use split welding rings for field joints on carrier pipes above 50 mr 2

i nches to assure proper alignment, conplete weld penetration, and
prevention of weld spatter reaching the interior of the pipe. Make field
joints 50 nr 2 inches and snaller with wel ding sockets.

3.4.6 Erection

Do not split, bend, flatten, or otherw se danage piping before, during, or
after installation. Were the pipe tenperature falls to O degrees C 32
degrees F or |l ower, heat the pipe to approximately 38 degrees C 00 degrees
F for a distance of 300 mr 1 foot on each side of the weld before wel ding,
and finish the weld before the pipe cools to 0 degrees C 32 degrees F

3.4.7 Def ective Wl ds
Repl ace and rei nspect defective welds in accordance with ASME B31. 1.
Repairi ng defective welds by adding weld naterial over the defect or by
peening is not pernitted. Ensure welders responsible for defective welds
are tested for qualification.

3.4.8 El ectr odes
Store electrodes in a dry, heated area, and keep free of npisture and

danpness during fabrication operations. Do not use el ectrodes that have
| ost part of their coating.
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3.4.9 Radi ogr aphi c Testing

An approved i ndependent testing firmregularly engaged in radi ographic
testing must performradi ographi c exam nation of 100 percent of the field
welds in the carrier piping of direct-buried systens in accordance with
ASME B31.1. Furnish the following: a set of filns show ng each weld

i nspected, a reading report evaluating the quality of each weld, and a

| ocation plan showi ng the physical |ocation where each weld is to be found
in the conpleted project, prior to installing casing field joints,
backfilling and hydrostatic testing. Ensure all radiographs are revi ewed
and interpreted by a Certified Arerican Society for Nondestructive Testing
Level 111 radiographer, enployed by the testing firm who will sign the
readi ng report. The Contracting Oficer nmay review all inspection
records, and renove, reweld, and radi ographically reexani ne any
unacceptabl e wel ds at no cost to the Government.

3.5 HEAT DI STRI BUTI ON SYSTEN | NSTALLATI ON

Submit a conplete description of the design and assenbly of the system
materials of construction and field installation instructions, not |ater
than [21 days] | ] prior to the start of field measurenents. Include
sufficient systemdetails to show that the specified m nimuminsul ati on

t hi ckness has been net. A detailed design |ayout of the system (plan and
el evation views) show ng size, type, elevations and | ocation of each
conponent to be used in the system the design and |ocation of anchors,
pi pe gui des, pipe supports, expansion |oops, Z-bends, L-bends, end seals,
| eak plates, joint |ocations, pipe and insulation thickness and sizes,
types, and novenments, connection to manhol e and buil di ng wal

penetrations, and including, if applicable, details of transition point to
aboveground or other type systens. Also, if applicable, type and details
of the cathodic protection systemto be used. Ensure detailed design

| ayout drawi ngs are stanped by a registered Professional Engineer. The
UHDS manufacturer's representative will oversee the delivery, storage,
installation and testing of the system Performwork in accordance wth
the requirenents specified and with the printed instructions of the

manuf acturer. These specifications take precedence over the printed
instructions if conflicts arise. Submt printed instructions to the
Contracting O ficer prior to systeminstallation. Subnit operation and
mai nt enance manual |isting routine mai ntenance procedures, possible

br eakdowns and repairs, procedures for recording conduit tenperatures

bi annual Iy, and troubl eshooting gui des, before conpletion of work.
Include in the Manual as-built piping layout of the systemwith fina

el evati ons.

3.5.1 Verification of Final Elevations

For the PIPI system prior to covering the top of the pipe with PIPI
neasure and record the el evation of the top of each pipe at each field
joint, 1/3 points along each pipe section, and the top of each el bow. For
the PI Pl system neasure and record el evations of the top of each pipe.
Take el evations at every conpleted field joint, 1/3 points along each pipe
section and top of el bows. Check these neasurenents agai nst the contract
drawi ngs and confirmthat the conduit system has been installed to the

el evations shown on the contract drawings. Ensure slope is uniformto
within 0.1 percent. Record these neasurenents, include in the UHDS
manufacturer's representative daily report, and give to the Contracting
Oficer prior to covering the casing with backfill nateri al
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.5.2 Excavati on, Trenching, and Backfilling

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The designer nust coordi nate the type of sand
to be used with Section 31 00 00 EARTHWORK. Do not
al | ow beach sand or any sand with |arge anounts of
chlorides to be specified.

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

Peer f orm excavati on, trenching, and backfilling as required by the UHDS
manuf acturer's design and as specified in Section [31 00 00 EARTHWORK] .
Lay pipe on a 305 nm 12 inch mnimum sand bed and backfill with sand on

all sides to a mininmumof 150 nmr 6 inches as nmeasured from outside of
casing. This sand beddi ng requirenent does not apply to the PIPlI system
Provide a firmand stable foundation for the system Ensure foundation

and backfill is free fromrocks or substances which could damage the
system coating. Install concrete anchor and thrust bl ocks in undisturbed
earth. Do not commence backfilling until system has been satisfactorily

pressure tested (both hydrostatic test of carrier and air test of
casing). Mninmmdepth of burial to the top of the casing (or PIP
envel ope) must be 1 m 39 inches. Maxinumdepth of burial to the top of
the casing (or PIPl envel ope) nmust be 3 m 10 feet.

.5.3 UHDS Manufacturer's Representative Responsibilities

The UHDS Manufacturer's representative nmust be present at the job site and
wi t ness when the follow ng types of work are being performed:

a. Inspection and unl oading (not applicable to PIPI).
b. Inspection of trench prior to conmencing installation of system
c. Inspection of concrete anchors and thrust bl ocks.

d. Pneumatic and Hydrostatic testing.

e. Field joint closure work (not applicable to PIPI).

f. Ar test of casing (not applicable to all WSL systens).

g. Holiday test of conduit coating (not applicable to all WSL systens).
h. Repair of any coating (not applicable to all WSL systens).

i. Installation of cathodic protection system (not applicable to all WL
systemns).

j. Initial backfill up to 250 nmr 10 i nches above the top of the casing.

k. Verification of final elevations. Elevation readi ngs nust be
wi t nessed and recorded.

. Testing of cathodic protection system (not applicable to all WSL
systemns).

m Operational tests.

Notify the Contractor inmediately of any problens. Notify the Contracting
O ficer of problens requiring i mediate action; otherw se, note any
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probl ens encountered and indicate the corrective actions taken in the
daily reports.

3.5.4 UHDS Manuf acturer's Representative Reports

The UHDS nanufacturer's representative nmust: prepare and sign a witten
daily report; present the original daily report to the Contracting Oficer
no |l ater than one working day after it is prepared; and forward 1 copy to
the manufacturer's main office. State whether or not the condition and
quality of the materials used and the delivery, storage, installation and
testing of the systemare in accordance with the draw ngs, specifications,
and manufacturer's printed instructions and are satisfactory in al
respects. Wen any work connected with the installation is
unsatisfactory, state what corrective action has been taken or list the
UHDS nmanuf acturer's recomrendati ons for corrective action. Identify any
condition that could result in an unsatisfactory installation, including
such items as open conduit ends left in the trench overnight and inproper
manhol e entries. Ensure the daily reports are revi ewed, signed and

seal ed, on a weekly basis, by the regi stered engi neer responsible for the
system design. Submt signed and seal ed copies of the daily reports with
t he payment request. Requests for paynment will be denied if the weekly
review is not acconplished. Upon conpletion of the work and before fina
acceptance, subnit a notarized Certificate of Conpliance, signed by a
principal officer of both the manufacturing and the contracting firnmns,
stating that the installation is satisfactory and in accordance with

drawi ngs, specifications, and nmanufacturer's instructions to the
Contracting Officer. Retain a copy of all daily reports and the
Certificate of Conpliance for 5 years after final acceptance of the system
by the Governnent.

3.5.5 Prot ecti on

Protect casing coating from damage during unl oadi ng, storage, rigging and
installation. Protect casing and carrier pipe ends fromwater intrusion
during unl oadi ng, storage, rigging and installation. Protect piping and
accessories from damage due to exposure to WV |ight.

3.5.6 Def ective Materi al

The UHDS manufacturer's representative nmust take pronpt action to renove
fromthe site all damaged or defective material, subject to rejection in
accordance with the quality assurance provisions included in the
manufacturer's subnittals and printed instructions, and rmust order pronpt
repl acenent of such materi al

3.5.7 Cat hodic Protection Installation
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NOTE: Designer nust indicate on the contract

drawi ngs that dielectric separation is shown where
UHDS enter buildings or above transition from
under ground to aboveground pi pi ng.
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Provi de cathodic protection for all steel casing systens and all buried

exposed netal. Assune that 25 percent of the exterior of the UHDS is
exposed nmetal. Submit design life calculations for the cathodic
protection system not later than [7 days] | ] after notice to

proceed. Ensure calculations are stanped by an NACE qualified corrosion
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engi neer. Provide cathodic protection systens with a m ninmumdesign life
of 25 years and conforming to [Section 26 42 13 GALVANI C (SACRI FI Cl AL)
ANODE CATHODI C PROTECTI ON ( GACP) SYSTEM [or] [Section 26 42 17 | MPRESSED
CURRENT CATHODI C PROTECTI ON (1 CCP) SYSTEM. Provide dielectric pipe

fl anges and wat erways, and isolation devices at all points necessary.

Provi de test stations at grade on each section of the piping system
Provide dielectric waterways with tenperature and pressure rating equal to
or greater than that specified for the connecting piping. Provide

wat erways with metal connections on both ends suited to match the
connecting piping. Line dielectric waterways internally with an insul ator
specifically designed to prevent current flow between dissimlar netals.
Provide dielectric flanges neeting the perfornmance requirenents descri bed
herein for dielectric waterways.

.6 TESTS

Submit a proposed test procedure and proposed sanples of test data sheets
for each required test, 30 days prior to the proposed test date. The
procedure nust contain a conplete description of the proposed test with
calibration curves or test results furnished by an independent testing

| aboratory of each instrument, neter, gauge, and thernonmeter to be used in
the tests. Do not comence test until the procedure has been approved.
Perform pressure tests (hydrostatic, pneumatic) and operational tests to
denonstrate | eak-tightness of all piping systens. Pressure test heat

di stribution systemin conformance with specified requirenments and printed
instructions for the system supplied; include carrier piping and casing.
Test the carrier pipe hydrostatically. Test casings of DDT systemns
pneurmatically. Test casing and end seals of WSL system for intrusion of
water into the casing and insulation. Do not use nercury in thernmonmeters
required for the tests.

.6.1 Hol i day Testing of Direct-buried System Steel Casings

Test entire exterior surface of the casing, including the bottomexterior
surface, for faults in coating after installation in trench, prior to

backfilling, using test nethod and vol tage recomrended by coating
manufacturer. |If any holidays are found, repair themand retest the
coating. Do not backfill systemuntil all holidays are elininated.

.6.2 Pneumati c, Hydrostatic and Operational Tests

Bef ore conducting heat distribution systemtests, flush lines with high
pressure water until [discharge shows no foreign nmatter] [the Contracting
Oficer, after exam ning the discharge, stops the flush].

.6.2.1 Pneumati ¢ Test

Pneurmatical ly test the casing of DDT systens after wel ding and before
field coating using air as the test nedium Use a test pressure of 103 kPa
5 psig. Keep persons not working on the test operations out of the
testing area while testing is proceeding. Mke the test on the system as
a whol e or on sections that can be isolated. Test joints in sections
prior to backfilling when trenches nmust be backfilled before the
conpl etion of other pipeline sections. Continue the test for 24 hours
fromthe tine of the initial readings to the final readings of pressure
and tenperature. Do not nake the initial test readings of the instrunent
for at least 1 hour after the casing has been subjected to the full test
pressure, and make neither the initial nor final readings at tinmes of
rapi d changes in atnospheric conditions. There rmust be no indication of
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reducti on of pressure during the test after corrections have been nade for
changes in atnospheric conditions in conformty with the relationship
T(1)P(2) = T(2)P(1), in which T and P denote absolute tenperature and
pressure, respectively, and the nunbers denote initial (1) and final (2)
readi ngs. Measure pressure with a pressure gauge conforming to

ASME B40.100. A throttling type needl e valve or a pul sati on danpener and
shutof f valve nay be included. The dianmeter of the face nmust be at | east
114 mr 4.5 inches with a nmeasurable range of 0 to 103 kPa 0 to 15 psig and
graduations of at least 0.5 kPa 0.5 psig. During the test, isolate the
entire systemconpletely fromall conpressors and other sources of air
pressure. Test each joint while under test pressure by means of soap and
wat er or an equi val ent nonfl anmabl e solution prior to backfilling or
concealing any work. Al labor, nmaterials and equi pment for conducting
the tests nust be furnished by the Contractor and are subject to

i nspection at all times during the tests. Miintain proper safety
precautions for air pressure testing at all tines during the tests.

.6.2.2 Hydrostatic Test

Test carrier piping hydrostatically before insulation is applied at field
joints and prove tight at a pressure 1.5 times the heat distribution
supply pressure of [ ] kPa psig for 2 hours. There nmust be no

i ndi cation of reduction of pressure during the test. Measure pressure
with a device calibrated to be read in increments not greater than 1 kPa
0.1 psi.

.6.2.3 Qper ational Test

Prior to acceptance of the installation, subject systemto operating tests
simul ati ng actual operating conditions to denonstrate satisfactory
functional and operating efficiency. Cover a period of no |less than 6
hours for each portion of systemtested. Submt for approval a schedul e
of the tests to be perforned [14 days] | ] in advance. Provide
calibrated instrunents, equipnment, facilities and |abor, at no additiona
cost to the Government. \Wen failures occur, repair problens and repeat
test.

.6.3 Defi ci enci es

Correct deficiencies discovered at the Contractor's expense. Major
deficiencies, or failure to correct deficiencies, may be considered cause
for rejecting the entire installation

T VALVE MANHOLES
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NOTE: Include a section based on Section 33 61 13.19
VALVES, PIPI NG AND EQUI PVENT | N VALVE MANHCLES as
part of the contract specifications for this job.

I ncl ude sealing of pipe penetrations through nmanhol e

wal s in the design of the manhol e.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

Provi de val ve manhol es, piping, and equi pnent in valve nmanholes in
accordance with the contract draw ngs and Section 33 61 13.19
VALVES, Pl PI NG, AND EQUI PMENT | N VALVE MANHOLES
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3.

3.

3.

8 BURI ED UTI LI TY WARNI NG AND | DENTI FI CATI ON
8.1 Pl astic Marking Tape

Supply and install polyethylene plastic tape manufactured specifically for
warning and identifying buried utility lines. Bury tape above the pipe

during the trench backfilling operation and bury approxi mately 300 nm 12
i nches bel ow grade. Tape nust be [0.1 nm 0.004 inch thick polyethyl ene]
[ pol yethylene with a nmetallic core]. Use tape that is acid- and

al kali-resistant with a mnimumstrength of 12 MPa 1750 psi | engthw se and
10.3 MPa 1500 psi crosswise with an el ongation factor of 350 percent.
Ensure tape is manufactured with integral wires, foil backing or other
neans to enabl e detection by a netal detector when the tape is buried up to

1 nm 3 feet deep. Encase the netallic core of the tape in a protective
jacket or provide with other means to protect it fromcorrosion. Ensure
tape is a type specifically manufactured for marking and locating netallic
underground utilities. Provide tape that is 150 mr 6 i nches w de and
printed with a caution and identification of the piping systemover the
entire tape length. Tape nust be yellow with bold black letters. Tape
color and lettering nust be unaffected by noi sture and ot her substances
contained in the backfill materi al

.8.2 Mar kers for Under ground Pi pi ng
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NOTE: Indicate the |location of the markers on the
contract drawi ngs for projects that require
markers. Delete the paragraph if not needed in the
proj ect.
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Locate markers for underground piping along the distribution and service
lines. Place markers as indicated approximately 600 mr 2 feet to the
right of the distribution systemwhen facing in direction of flowin the
supply line. Provide concrete marker that is 150 mr 6 inch square or
round section [600] [900] nm [2] [3] feet long. The top edge of the
mar ker nust have a mininum 13 mr 1/2 inch chanfer all around. |npress or
cast the letters [ STEAM [HTHW [ CONDENSATE] on the top, and on one side
of the markers to indicate the type of systemthat is being identified.
Form each letter with a V-shaped groove and with a width of stroke at | east
6 mr 1/4 inch at the top and depth of 6 mr 1/4 inch. Do not allowthe
top of the marker to protrude nore than [25] [50] [75] [100] nm [1] [2]
[3] [4] inches above finished grade.

9 THERMAL PERFORVANCE TESTI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The tenperatures in Table 3 are based on

cal cul ati ons that assune 85 percent of the thernal
resi stance of a new properly functioning systemis
in the insulation and that a degradation of up to 50
percent of the original thermal resistance will be
allowed. A soil tenperature of 15 degrees C 60
degrees F was al so assuned in the cal cul ations.
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Use the equi pnent and procedures specified to ensure acceptable therm
performance of the installed system Submt manufacturer's data sheets on
all UHDS components and the instrumentation required for therma
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performance testing, [ ] days after notice to proceed. Because of its
geonetry, the PIPI systemis exenpt fromthe thernal perfornance test

requi renent; submt the test results for approval. Include all materials
and procedures described for this test as deliverables of the construction
contract for the system unless otherwise noted. Due to its geonetry, the
PI Pl systemis exenpt fromthis requirenent.

.9.1 Equi pnent
.9.1.1 Casi ng Tenperature Measurenent

Bef ore backfilling, and after field joint closures have been wel ded to the
casing and the coating has been applied and cured, attach tenperature
sensors to the exterior of every other field joint closure. Attach the
sensors with epoxy suitable for use at 260 degrees C 500 degrees F

adhere a sensor with epoxy to the coated casing near the mdpoint of every
ot her pipe section between field joints. Do not |ocate the sensor closer
than 1.5 n 5 feet fromany guide in the interior of the casing. After the
sensors have been adhered to the casing, use 2 conplete waps of duct tape
to secure and protect the sensor. Locate the radial position of the
sensors 45 degrees fromthe top center of the casing, at either the 1:30
or 10:30 position, away fromthe adjacent heat distribution system pipe if
present. Ensure all sensors are type T copper constantan 20 gauge

t her nocoupl es, nmade from special linmts grade thernmocouple wire, 0.5
degrees C or 0.4 percent naxi mumerror, with each conductor insulated and
an overall jacket on both conductors. Use insulation on the thernocouple

wires suitable for service at 260 degrees C 500 degrees F. Ensure the

t her nocoupl e wi re between sensor |ocation and termination point is
continuous with no splicing or other connections. Show each sensor with a
speci al synbol on the detail ed design |ayout drawi ngs and identify by a
nunber and/or letter code, starting fromthe upstream manhol e.

.9.1.2 Carrier Pipe Tenperature Measuremnent
Measure carrier pipe tenperature within the nanhol e where the panel box is

| ocated. Measure carrier pipe tenperature by a sensor adhered wth epoxy
directly to the exterior of the carrier pipe. Ensure all sensors are type

T copper constantan 20 gauge thernocoupl es, nade fromspecial linits grade
t hernocouple wire, 0.5 degrees C or 0.4 percent nmaxi mumerror, wth each
conductor insulated and an overall jacket on both conductors. Use

i nsul ation on the thernmocouple wires suitable for service at 260 degrees C
500 degrees F. Ensure the thernocouple wire between sensor |ocation and
term nation point is continuous with no splicing or other connections.
Locate this sensor at either the 1:30 or 10:30 position. At the location
of the sensor, insulate the carrier pipe with calciumsilicate insulation
at least 125 mr 5 inches thick. Extend this insulation at |east 150 mr 6
i nches on each side of the actual sensor |ocation and nust be clad with an
al um num j acket .

.9.1.3 Term nal s

Extend the wires fromeach casing or carrier pipe tenperature sensor into
t he nearest manhole and ternminate in a panel box. The panel box rmust be a
NEMA Type 4 waterproof enclosure, of suitable size, nounted near the top
of the manhol e at a | ocation near the nanhol e entrance, accessible w thout
entrance into the manhol e, where possible. Term nate the sensor wres

wi th an approved connector of type [OVEGA M ni ature Jack Pane

(MIP-*-*-T)] [ ]. Mount the thernocouple jack panel to the back plate
of the panel box. Label the tenmperature sensors at their term nation
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within the panel box; |aninate and attach a drawi ng showi ng the | ocation
of each tenperature sensor to the inside of the panel box. Ensure al
tenmperature sensors are verified as operational by an independent

| aboratory, hired by the Contractor, after backfilling is conplete but
before the systemis accepted.

.9.2 Ther mal Perfor nance Test

After the systemconstruction is complete, including backfilling, and the
system has reached operating condition for at |east 30 days, all of the
tenmperature sensors must be read by an independent |aboratory wth

experi ence and equi pnent appropriate for the sensors used. Record the
tenperature for each sensor. Tabulate and subnit the tenperatures in
accordance with specified requirenents. |If tenperatures exceed values in
Table 3, repair that portion and nmeasure and record tenperatures again

TABLE 3
Carrier Pipe Tenperature - TP Accept abl e Casing Tenperature - TC
(degrees C F) (degrees C F)
121 250 43 110
135 275 47 116
149 300 50 123
163 325 54 129
177 350 58 136
204 400 65 149
218 425 68 155
232 450 72 162
The following equations were used to cal cul ate the above val ues:
T, <(0.261) X (TP) + 11.5 T@<(0.261) X (TP) + 44.3
For carrier pipe tenperatures between those given in Table 3, the maxi num
acceptabl e casing tenperature nay be either interpolated fromthe values in
Table 3 or cal cul ated using the equations above.

-- End of Section --
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