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The Plastics Pipe Institute

PPl Represents the Plastic Pipe Industry

- PP1 was formed in 1950 to research and develop test methods for plastic pressure pipes
- Today: Non-profit trade association serving North America, based in Irving, TX

PPI Mission: To advance the acceptance and use of plastic pipe systems through research, education,
technical expertise, and advocacy

Members: Over 170 member firms involved with the plastic pipe industry

PPl Website: www.plasticpipe.orq
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The Plastics Pipe Institute

PPI Building & Construction Division (BCD)

- BCD is focused on plastic pressure pipe and tubing systems used within buildings and on building premises
for applications such as plumbing, water service, fire protection, hydronic heating & cooling, snow & ice
melting, district energy heating & cooling, and ground source geothermal piping systems.

BCD Materials: CPVC, HDPE (Geothermal), PEX, PE-RT, PEX-AL-PEX, and PP (PP-R & PP-RCT)

BCD homepage: https://plasticpipe.org/BuildingConstruction
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Inside / Indoor Piping Materials for Geothermal Systems

- The “Ground Loop Pipe” is the heat exchanger with the Earth
- Inside or “indoor” piping refers to headers or manifolds inside vaults or buildings, the piping connecting
ground loops to heat pumps, and the piping used to distribute hydronic energy throughout a building
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Inside / Indoor Piping Materials for Geothermal Systems
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Inside / Indoor Piping Materials for Geothermal Systems

Presentation Outline: This presentation will address
1. Industry standard and code requirements for inside / indoor piping materials
2. Recommended types of piping materials for inside / indoor piping in geothermal systems

3. PPI resources for sizing and designing inside / indoor piping




1. Geothermal Code Requirements for Inside/Indoor Piping

Review the following Model Codes:

- ANSI/CSA/IGSHPA C448-2016

- 2021 ICC International Mechanical Code (IMC)

- 2021 IAPMO Uniform Mechanical Code (UMC)

- 2021 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC)

INTERMATIONAL Unifﬂrm
MECHANICA

Design and installation of ground source CODE i -

heat pump systems for commercial and M 'Ec hanlcal

resldential bulldings cﬂde %
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Geothermal Code Requirements for Inside/Indoor Piping

ANSI/CSA/IGSHPA C448.0 General Requirements

Building loop (or indoor piping) — piping that connects the heat pump equipment in the building to the | AUSHRANETPA RO St 1t
ground heat exchanger after the transition between the ground heat exchanger piping or ground heat
exchanger manifold inside the building.

Design and installation of ground source
heat pump systems for commercial and
residential buildings

©2023 Plastics Pipe Institute



Geothermal Code Requirements for Inside/Indoor Piping

ANSI/CSA/IGSHPA C448.0 General Requirements

5.5 Indoor piping, fittings, and accessories _ M/ TR S

5.5.1 General

Design and installation of ground source
heat pump systems for commercial and

5- 5 . 1 . 1 residential buildings

Piping, fittings, and pipe accessories connected to a ground source heat pump system shall be
appropriate for the intended use and shall be installed in accordance with the relevant safety and fire
specifications and with good industry practice.

5.5.1.2

Piping, fittings, pipe accessories, and all components that come into contact with the system heat
transfer fluid shall be compatible with that fluid.

5.5.1.3

Plastic-to-metal connections shall be intended for the systems covered in this Standard.

©2023 Plastics Pipe Institute




Geothermal Code Requirements for Inside/Indoor Piping

ANSI/CSA/IGSHPA C448.1 Commercial and institutional buildings

ANSECSAILSHPA CHER Sewies-16

8.1.2 Interior piping systems design elements

The design and selection of the interior piping distribution system should consider
operating temperature; oo e
Operating pressure; residential buildings
pipe expansion and contraction;
hanger requirements;
water chemistry; and
workforce capability of installation personnel.
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Geothermal Code Requirements for Inside/Indoor Piping

ANSI/CSA/IGSHPA C448.1 Commercial and institutional buildings

ANSECSAILSHPA CHER Sewies-16

8.1.3 Interior piping material

8- 1 . 3 . 1 Mate rial re CO mmendatio ns Design and installation of ground source

heat pump systems for commercial and
residential buildings

Interior piping systems shall be comprised of
a) polyethylene (PE) or crosslinked polyethylene (PEX) material (see Clause 8.1.3.2);
steel piping systems (schedule 10 and 40) (see Clause 8.1.3.3);
copper piping systems (copper Type K and L) (see Clause 8.1.3.4);
fibreglass reinforced polypropylene pipe (PP-RCT) (see Clause 8.1.3.5); or
PVC piping material (special cases) (see Clause 8.1.3.6).
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Geothermal Code Requirements for Inside/Indoor Piping

ANSI/CSA/IGSHPA C448.1 Commercial and institutional buildings

ANSECSAILSHPA CHER Sewies-16

8.1.3.6 PVC piping material (special cases)

The following shall apply for PVC piping material (special cases):
a) PVC piping has been used for water distribution in these kinds of systems in the past. Care shall be
taken during the installation of PVC systems due to the thermal expansion of the pipe. Eﬁ:ﬁ‘ﬁ%{%ﬁ:?f.f::'f.:l:f;";;f
The minimum pressure rating of the piping distribution shall be 100 psi.
Piping system joints should be made with glued socket fittings. The manufacturer’s
recommendation shall be followed for the installation of such systems.
There is potential pipe degradation due to the refrigerant oil interaction with the pipe polymers.
This interaction shall be verified before using PVC piping systems. A watertight seal shall be

provided at any point where piping or tubing passes through an outside wall or floor below ground
level, and shall not interfere with the integrity of the piping over time.

©2023 Plastics Pipe Institute




Geothermal Code Requirements for Inside/Indoor Piping

2021 ICC International Mechanical Code (IMC)

TABLE 1210.4 '
GROUND-50URCE LOOP PIPE IM
MATERIAL STANDARD (see Chapter 15)

Chlorinated polyvinyl chloride (CFVC) ASTM D2846; ASTM F441; ASTM Fd42 INTERNATIONAL
MECHANICAL
Cross-linked polyethylene (PEX) ASTM F876; CSA B137.5: C5A C448; NSF 358-3 Cone
Polyethylene/aluminum/polyethylene (PE-AL-PE) pressure pipe | ASTM F1282; CSA BE137.9

ASTM D2737; ASTM D3035; ASTM F714; AWWA C901;
C5A B137.1; CS5A C448; NSF 358-1

Polypropylene (PP-R) ASTM F2389; C5A BI3T7.11; NSF 358-2
Polyvinyl chloride (PVC) ASTM D1785; ASTM D2241
Raised temperature polyethylene (PE-RT) ASTM F2623: ASTM F2769: CSA B137.18; CSA C448: NSF 358-4

High-density polyethylene (HDPE)

- Table 1210.4 provides the list of approved Ground-Source Loop Pipe materials
- The IMC does not mention “inside” or “indoor” piping
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Geothermal Code Requirements for Inside/Indoor Piping

2021 ICC International Mechanical Code (IMC)
- Table 1202.4 provides the list of approved Hydronic Pipe materials

TABLE 1202.4
HYDRONIC PIPE

MATERIAL

STANDARD (see Chapter 15)

Acrylonitrile butadiene styrene (ABS) plastic pipe

ASTM D1527; ASTM F2806

Chlorinated polyvinyl chloride (CPVC) plastic pipe

ASTM D2846; ASTM F441; ASTM F442

Chlorinated polyvinyl chloride/aluminum/chlorinated polyvinyl chloride
(CPVC/AL/CPVC)

ASTM F2855

Copper or copper-alloy pipe

ASTM B42; ASTM B43; ASTM B302

Copper or copper-alloy tube (Type K, L or M)

ASTM B75; ASTM B88; ASTM B135;
ASTM B251

Cross-linked polyethylene/aluminum/cross-linked polyethylene (PEX-AL-PEX)
pressure pipe

ASTM F1281; CSA CAN/CSA-B-137.10

Cross-linked polyethylene (PEX) tubing

ASTM F876; ASTM F3253; CSAB137.5

Ductile iron pipe

AWWA C115/A21.15; AWWA C151/A21.51

IMC

INTERMATIOMAL
HMECHANICAL
CODE

Lead pipe

FS WW-P-325B

Polyethylene/aluminum/polyethylene (PE-AL-PE) pressure pipe

ASTM F1282; CSA B137.9

Polypropylene (PP) plastic pipe

ASTM F2389

Polyvinyl chloride (PVC) plastic pipe

ASTM D1785; ASTM D2241

Raised temperature polyethylene (PE-RT)

ASTM F2623; ASTM F2769; CSA B137.18

Steel pipe

ASTM A53; ASTM A106

Steel tubing

ASTM A254
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Geothermal Code Requirements for Inside/Indoor Piping

2021 IAPMO Uniform Mechanical Code (UMC)

- Appendix F covers Geothermal Energy Systems

- Table F 104.2 provides the list of approved Plastic Ground Source Loop Piping
- The UMC refers to Ch. 12 for Indoor Piping (see next slide)

TABLE F 104.2
PLASTIC GROUND SOURCE LOOPPIPING

MATERIAL

Cross-linked polyethylene (PEX)

STANDARD
ASTM F876, CSA BI37.5,
CSA (448, NSF 358-3

High Density Polyethylene
(HDPE)

ASTM D2737. ASTM D3035,
ASTM F714, AWWAC901,
CSA BI37.1, CSAC448, NSF
358-1

Polypropvlene (PP)

ASTM F2389, CSABI137.11,
NSF 358-2

F 104.5 Indoor Piping. Indoor piping, fittings, and acces-
sories that are part of the groundwater system shall be in

accordance with Chapter 12, Such materials shall be rated for

the operating temperature and pressures of the system and
shall be compatible with the type of transfer medium.

APPENDIY F

ST kL DALY IYRTER

[ S T W p—p—,

Polyethylene Raised Tempera-
ture (PE-RT)

ASTM F2623, ASTM F2769,
CSABI37.18, CSA C448,
NSF 358-4
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Geothermal Code Requirements for Inside/Indoor Piping

2021 IAPMO Uniform Mechanical Code (UMC)

- Chapter 12 Table 1210.1
provides the list of approved
Materials for Hydronic
System Piping, Tubing and
Fittings

Ko e Copper Ay

TABLE fZiai

MATENLALS FOM HYDRONIC SYETEM PING, TUBING. AHD FITTIRGS

TANCANDY S

PR TUR G

ASTHL B, ASTM BAL, ASTM BT,

ASTM [EE, ASTM 115, ASTM B2515,

ASTAL 02, ASTM BT

FITTHGS
ASME B804, ASME Bl6 15, ASMEBR82E
ASME B1&.I3, ASME Bl6.24, ASMEBI152
ASME Bl6I% ASME BI6 51, ASSE 1061,
IAPMPFS 11T

W bike hiom

Pl

Birasnion ol

ARWA CLIEATLLS
ARWA CISUATLSI

AETRE ST, ASTRA A6, ASTRI AT

AN AN ANTM A
ASTRL ASSE ASTM ATYN

AR

AWWACIE3
ASKIE BTG 4 ASKIE N6 Y
ASME LA 1T, ASTW ALY
ARTAMIFATA, ASTR B34
ASTM AT AP PR T

ey b

ASTM Al

Pelallcatic livm
Wiowinaned Pa by sy © Wowe (0 PY L)

ASTH DERES, ASTH Fl
ARTM Fa4Z CRa BIMT S

ASBLE Rils}
ASSE 1061, ASTH DEEbs, ASTH FAIT,
ASTM FI3E, ASTM FI32. ASTM FI970,
CEA BLF &

Fotvethey lene (FE )

K rov- ok P ot i lomg [ MR X R

ASTM D3,

ASTM D]%8

ASTHIL

AS TR FTIE, AWWA T
OS5 BI¥LI, N5F 158-]

ASTM D269, ASTH [D2REY, ASTH (11281
ASTM FIISS, R4 BI 37,0, KSF 158-1

ASSE 1061, ASTM FETT, ASTH F1055,

ASTR F5T6. ASTRI CCEABIFTS | ASTSFIS07, ASTR FIS60L ASTS FI0HE,

NYF FAN.5

AS TN P, AXTR K219, ASTM FITE
ASTM FI251, 084 BIE7S, KaF 1583

ol ops bee (FF)

ASTM F2ED, CRA 1LY, 11, REF 4852 ASTN FERED, CRABIMT, 11, REF 35%8-2

byl Chbsae (PYVC)

Praiscd Termperaare Polych yléne (17F-E1T

ASTRL DATES, ASTM D241,
CRARIILD

ASTM FISZL, ASTH FE7E0
CSA BINLIR

WETR D240d, ASTR D46
ASTH D487 ASTR FI70,
CRARIITE CRARISLY
ASKE 1060, ASTM FIBO07, ASTM K215
ASTM FITSE ASTM F2TA5%, ASTM D33,
ASTRE PSS CSA BIET IS

- Lo [Pl i e
oo Cross Linked Polyetly e
-FEX)

ASTM FIZE1. CSA BIFT.H

ASTH F12E1, ASTR FI9T4, ASTM F2AL
CRA BILLID

b A, Polye thy bose {PE-

ASTM FIIRD, CSARIITE

ASTM FIZEZ ASTM FIOTL D54 BT 9

winsad Pobeviey] Chloride & e

m sy Chloninased Polyving] Chionid:

ASTM FI55%

AL TR D254

2021

Uniform
Mechanical
Code"

FEAD e
TAELE OF CONTER

B @ moan ==

©2023 Plastics Pipe Institute




Geothermal Code Requirements for Inside/Indoor Piping

2021 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC)

- Chapter 7 covers Geothermal Energy Systems
- Table 703.2 provides the list of approved Plastic Ground Source Loop Piping
- Section 703.5 refers to Ch. 4 for Indoor Piping (see next slide)

TABLE 703.2
PLASTIC GROUND SOURCE LOOP PIPING

MATERIAL STANDARDS
Cross-Linked Polyethylene ASTM F876, ASTM F3253,
(PEX) ~ G5ABI37S, 703.5 Indoor Piping. Indoor piping, fittings, and acces-
CSA/IGSHPA C448, NSF 358-3 sories that are part of the groundwater system shall be in
High Density Polyethylene ASTM D2737, ASTM D3035, accordance with Chapter 4. Such materials shall be rated for
(HDPE) ASTM F714, AWWA C901, the operating temperature and pressures of the system and
CSA B137.1, shall be compatible with the type of transfer medium.

CSANGSHPA C448, NSF 358-1
Polypropylene (PP) ASTM F2389,

CSA B137.11, NSF 358-2
Polyethylene Raised Tempera- | ASTM F2623, ASTM F2769,
ture (PE-RT) CSA BI137.18,
CSA/IGSHPA C448, NSF 3584
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Geothermal Code Requirements for Inside/Indoor Piping

2021 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC)

- Chapter 4 Table 409.1
provides the list of approved
Materials for Hydronic
System Piping, Tubing
and Fittings

MATERIALS FOR HYDRONC AND SOLAR THERUMAL SYSTEM, PIPING TURING. AND FITTINGS

TABLE 4041

RATERIAL

Coppan'Coppar Alloy

Liray Won
Malleable Iron
Chlormaied Palyvanyl Chloeide (CPWC)

Palyedybene (PE)
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Polypropy kene (FF)

ATaRDE RS

ASTM BAZ ASTM A5, ASTM BT,
ASTM I, ASTM B, ST
ASTM B0 ASTM 15T

ASTM ALY, ASTM ALDE, ASTHATSS

ASTH DIEEE, ASTM F431, ASTM F42,

CRA BT

ASTN DN 693, ASTW 2213,
ASTM DA, ASTM DXTET, ASTM D035,
ASTM DEIH ASTM F714, ASTM F216S,
AW O, CSA BLET 1 NSF B8
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Geothermal Code Requirements for Inside/Indoor Piping

Flame and Smoke Ratings: UMC

- The 2021 UMC requires that if piping is to be installed within a return air plenum that requires
“non-combustible materials” then the piping must demonstrate a flame spread rating < 25 and
a smoke spread rating < 50 when tested according to ASTM E84 or UL 723

- These values are generated using the so-called “Steiner Tunnel” test

- Codes are subject to change, so check with
local codes for specific requirements!




Geothermal Code Requirements for Inside/Indoor Piping

Flame and Smoke Ratings: IMC
- The 2021 IMC requires testing according ASTM E84 or UL 723 or UL 2846

- IMC Section 602.2.1.7 allows that plastic water distribution piping and tubing listed and labeled in
accordance with UL 2846 as having a peak optical density not greater than 0.50, an average
optical density not greater than 0.15, and a flame spread distance not greater than 5 feet (1524
mm) and installed in accordance with its listing may be used

- Codes are subject to change, so check with local codes for specific requirements!

- In Canada, flame and smoke spread testing is in accordance with CAN/ULC S102.2




Geothermal Code Requirements for Inside/Indoor Piping

Flame and Smoke Ratings: Testing

- Many plastic pipes are somewhat combustible, so flame and smoke certifications may be
achieved with the use of pipe insulation (which is also required for thermal reasons)

- Each pipe manufacturer must carry
their own certifications which describe
how the products were tested and
how they may be installed

Example list (partial) of
ASTM E84 certifications on
Uponor PEX materials

The following list of insulation types (at minimum thickness of '%") are approved for
use with UPONOR's AquaPEX™, hePEX™, helioPEX™ X2 products when installed
with UPOMNOR fittings and valves meter of 3 ¥z inches. The insulations noted must
be Listed to ASTM C547 by an approved.

Insulation

Flame Spread Rating (according to
ASTM EB4)

Smoke Developed Rating (according
to ASTM EB4)

Mason Alley-K

Armaflex Composite

Lok

Johns Manville Micro-

Lok HP

Johns Manville Micro-

< 25

=< 50
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Geothermal Code Requirements for Inside/Indoor Piping

Flame and Smoke Ratings: Testing
- Many plastic pipes are somewhat combustible, so flame and smoke certifications may be
achieved with the use of pipe insulation (which is also required for thermal reasons)

) The following outlines the performance of UPONOR PEX pipe determined in
- EaCh plpe manUfaCturer must Carry accordance with the noted standards.

their own certifications which describe ASTM E84 — Surface Buming Characteristics
hOW the prOdUCtS Were teSted and Limitations Flame Spread Index | Smoke Developed
how they may be installed Index

3 ¥-inch maximum nominal diameter tubing; supported
continuously with 23 gauge UPONOR PEX-a Pipe
supports, with exposed area of UPONOR pipe between

Example list (partial) of PEX-a-Pipe supports is encased with approved pipe

ifi i insulations. Piping is to be clamped with standard
ASTM EB84 certifications on support clamps folowing UPONOR installation
Uponor PEX materials instructions.

Note1: Different sizes and different colors corresponding to AquaPEX™ , hePEX™,

helioPEX™ X2 are dependent on manufacturer’'s availability.
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Geothermal Code Requirements for Inside/Indoor Piping

Summary:

- ANSI/CSA/IGSHPA C448 is being updated — changes have yet to be approved

- The 2024 ICC International Mechanical Code (IMC) will no longer allow Lead pipes

- The 2024 IAPMO Uniform Mechanical Code (UMC) will have Geothermal Energy Systems as Ch. 17

- The 2024 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC) will have numerous revisions

IMC 2021 <

NTERMATICNAL i / 4
MECHANICAL SO
Design and Installation of ground source CODE : U “Ifﬂl’l’l‘l

heat pump systems for commercial and - - S M Ec ha“ical
residential bulldin ol b
= e 1 Code*
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2. Recommended Piping Materials for Inside/Indoor Piping

The piping materials recommended for inside/indoor piping are:

-Cu copper

- Steel schedule 10 or schedule 40

- CPVC chlorinated polyvinyl chloride

- HDPE high density polyethylene

- PEX crosslinked polyethylene

- PE-RT polyethylene of raised temperature resistance
- PP-R, PP-RCT polypropylene

This presentation will focus on the five approved plastic pipe materials

©2023 Plastics Pipe Institute



Recommended Piping Materials for Inside Piping

“Tubing vs. Pipe”

- “Tubing” means the actual Outside Diameter is 1/8 inch larger than the nominal size

- “Pipe” means the actual Outside Diameter matches that of iron/steel pipe of the same nominal size,
or products where the actual OD matches the nominal size (e.g., DN 63 pipe = 63 mm OD)

- Tubing uses nominal sizes such as ‘NTS 3/4’; also known as Copper Tube Size (CTS)

- Pipe uses nominal sizes such as ‘NPS 3/4’; also known as Iron Pipe Size (IPS)

- IPS pipes are typically larger than CTS pipes
- Example: 1 inch CTS Tubing OD = 1.125" (28.6 mm)
1 inch IPS Pipe OD = 1.315” (33.4 mm) 15% larger

©2023 Plastics Pipe Institute
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Recommended Piping Materials for Inside Piping

Dimension Ratios
- Most* plastic pipe and tubing follows a Standard Dimension Ratio (SDR)
- SDR Definition: the ratio of outside diameter to wall thickness, calculated by dividing
the average outside diameter of the tubing by the minimum wall thickness
. i : Example of SDR 64
- Bigger SDR number = thinner wall and lower pressure rating vent pipe vs. SDR 11
*Exception: Pipes that follow Schedule 40/80 dimension schemes do not use SDRs pressure pipe

- For the same SDR, each diameter of the pipe type (e.g., ¥, 1, 2) has the same pressure capability & rating
- SDR is also known as “wall type”
- Examples:

- PEX tubing is SDR 9 (wall thickness is 1/9 of the OD)

- HDPE pipe may be SDR 9, SDR 11, SDR 13.5, SDR 17, etc.

- E.g., For SDR 11 pipe, wall thickness is 1/11 of the OD = 9% of the OD

©2023 Plastics Pipe Institute



Recommended Piping Materials for Inside/Indoor Piping

1. CPVC: What is CPVC?
- CPVC is polyvinyl chloride (PVC) that has been chlorinated via a free radical chlorination reaction

- CPVC material is produced by adding a chlorine molecule (C) to PVC
- Chlorine added to PVC gives CPVC higher temperature performance and improved fire and corrosion resistance

- CPVC pressure pipe is a distinct material from PVC pressure pipe, with additional capabilities
- Recognized in all model codes for inside/indoor piping

©2023 Plastics Pipe Institute




Recommended Piping Materials for Inside/Indoor Piping

CPVC: Chlorinated Polyvinyl Chloride

- A high-temperature pressure piping system; rated for operation up to 200°F (93°C)

- Introduced for potable plumbing in 1959 (60+ years ago) followed by other uses

- Used for hot- and cold-water distribution, hydronic heating & cooling, industrial and process piping applications
- Provided in straight pipes lengths in both CTS sizes and IPS sizes

- Produced according to ASTM D2846, F441, F442 and/or CSA B137.6

Common types: CPVC 4120-05, CPVC 4120-06 (material designation codes)

/

‘_-ﬂ . [
'ﬁ oD e

Courtesy Lubrizol (x2)
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Recommended Piping Materials for Inside/Indoor Piping

CPVC Configurations

- CPVC is provided in straight lengths

- Copper Tube Size (CTS) diameters Y2 to 2 in SDR 11 wall type

- Iron Pipe Size (IPS) diameters %z to 24 in Schedule 40/80 and several SDRs

- Fittings are molded in both CTS and IPS sizes

©2023 Plastics Pipe Institute




Recommended Piping Materials for Inside/Indoor Piping

CPVC Joining Solvent Cement is Not Glue

- CPVC pipe & fittings are joined via: - Glues work by providing a sticky layer between
- Solvent Cement two components to create a bond

- Push-fit Fittings _ _ _
: . - Solvent welding requires the two components to come into
- Grooved mechanical fittings
contact as the solvent cements allow the parts to molecularly

- Flanged connections bond with each other (i.e., welding)

Gluing Solvent Welding

©2023 Plastics Pipe Institute




Recommended Piping Materials for Inside/Indoor Piping

CPVC Chemical Compatibility
- CPVC materials have certain incompatibilities with some construction materials

- Each CPVC manufacturer should test for and publish chemical compatibility

Example:
- The FBC™ System Compatible Program is a resource made available to manufacturers

of ancillary products intended to be used with CPVC to help determine whether a product
Is chemically compatible with Lubrizol Advanced Materials' FlowGuard®, BlazeMaster®,

Corzan®, and products made with TempRite Technology
- Visit https://www.lubrizol.com/CPVC/FBC-System-Compatible-Program -

FBC™ Systern Compatible indicates this product has been tested
FBC/ and 1s monitored on an ongoing basis to assure chemical compat-
bility with FlowGuard Gold®, BlazeMaster® and Corzan® pipe and
- fitings. FBC™, Flowguard Gold®, BlazeMaster®, and Corzan® are
SYSTEM COMPATIBLE  registered trademarks of The Lubrizol Corporation.
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https://www.lubrizol.com/CPVC/FBC-System-Compatible-Program

Recommended Piping Materials for Inside/Indoor Piping

CPVC Summary

- Strong rigid piping material with high temperature capabilities (rated for 200°F)

- Available in wide range of CTS and IPS diameters

- Available in various wall types and thicknesses (e.g., SDR 11, SDR 13.5, Schedule 40/80, etc.)
depending on the required pressure rating

- Wide variety of fitting shapes and sizes available

- More economical than copper

- Several domestic sources
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Recommended Piping Materials for Inside/Indoor Piping

2. HDPE: High Density Polyethylene

- High density polyethylene (HDPE) is the most common type of piping material used for ground heat
exchangers, with decades of proven service for this application

- Strong and tough material, suitable for applications up to 140°F (60°C)
- Pressure ratings of pipes must be de-rated above 80°F (27°C)

- High chemical resistance, corrosion resistant, economical

- Produced according to ASTM D2239, D3035, F714 and/or CSA B137.1

- Recognized in all model codes for inside/indoor piping

Common types:
- PE3608, PE4710 (thermoplastic material designation codes)
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Recommended Piping Materials for Inside/Indoor Piping

What do the codes PE3408, PE3608, and PE4710 mean?

- Thermoplastic pipe material designation codes (e.g., PE3608, PE4710) are defined in ASTM F412
- Specific properties make up the PE pipe Material Designation Code (defined in ASTM D3350):
- First digit: “the cell classification number value for density”
- Second digit: “the cell classification number value for slow crack growth resistance”
- Third & Fourth digits: “the hydrostatic design stress when tested with water at 73°F, in units of 100 psi”

PE4710 vs. PE3408:

- Higher density/stiffness

- Much higher slow crack growth resistance

- Higher hydrostatic design stress (1,000 psi vs. 800 psi)
- Higher Design Factor (0.63 vs. 0.50)

- Higher pressure ratings
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Recommended Piping Materials for Inside/Indoor Piping

HDPE Connections

- HDPE connections are typically via heat fusion (three types of fusion)
1. Butt fusion (pipe-to-pipe or fitting-to-fitting) joints are produced according to ASTM Standard D3261

2. Socket fusion (pipe-to-fitting) joints are produced according to ASTM Standard D2683
3. Electrofusion (pipe-to-fitting) joints are produced according to ASTM Standard F1055
- Fusion joints shall be installed in accordance with ASTM Standard Practice F2620
- Electrofusion joints shall be installed in accordance with ASTM Standard Practice F1290

Butt fusion joint Electrofusion fitting Socket fusion caps for testing
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Recommended Piping Materials for Inside/Indoor Piping

HDPE Connections
- ASTM F2620 Standard Practice for Heat Fusion Joining of Polyethylene Pipe and Fittings
Is the industry’s practice for heat fusion (based somewhat on PPl TR-33) T

TrmrEay

- First published in 2006, latest edition 2020 siarndard Pracios tor

Al Fas20-19 Heat Fusion Jolning of Pelyethylens Pipe and Filtings’

These visually acceptable beads may have a
gap under the bead after it cools.

J_/(\/”X

PE Pipe (Crass Section View) byl
Visually Acceptable - Mon-uniform Bead Dot Sb e e FIS. K21 Seakn Fusion
sizes but uniform around ppe (Outside diameter
mismatch less than 10% of the wall)

The V-Groove should not be deeper
Jr than half the bead height

PE Pipe (Cross Section View)
Visually Unacceptable - Non-
uniformsUniform Bead around pipe —
V-Groove too deep at pipe-tangent
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Recommended Piping Materials for Inside/Indoor Piping

HDPE Summary

- Tough, durable, flexible, strong material

- Proven over 40+ years in ground loop applications

- Wide range of diameters and wall types

- Many domestic sources

- Mechanical fittings (e.g., Victaulic) are options

- Available in various wall types and thicknesses (e.g., SDR 7.4, SDR 9, SDR 11, SDR 13.5, etc.),
depending on the required pressure rating |

- Material has its temperature limitations

- Heat fusion requires training, equipment, and attention to detalil
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Recommended Piping Materials for Inside/Indoor Piping

3. PEX: Crosslinked (X) Polyethylene

- Crosslinked polyethylene (PEX) is modified HDPE with enhanced capabilities for temperature

- PEX is a high-temperature, flexible pressure pipe, 50 years of global usage in pressure applications
- Crosslinking creates a three-dimensional matrix of connected molecules

- Approved for geo ground loops in North America since 2008

- Produced according to ASTM F876 and/or CSA B137.5

- Recognized in all model codes for inside/indoor piping

- PEX is widely used for plumbing, water service, fire protection,

hydronic heating and cooling, snow and ice melting,
and ground source geothermal piping systems

[llustration of PEX “molecule”
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Recommended Piping Materials for Inside/Indoor Piping

PEX: Crosslinked (X) Polyethylene

- PEX density is slightly lower than HDPE
- Lower tensile strength = Less stiff = More flexible = Lower pressure rating for the same wall thickness

- Strong and tough material, suitable for applications up to 180°F (82°C) and beyond
- Predominantly only available as Tubing
- Many joining options available (not butt fusion or socket fusion)

Common types:
- PEX 1206, PEX 3306 (PEX tubing material designation codes)

- Note: PEX “code” is Not Comparable
to the PE material designation code
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Recommended Piping Materials for Inside/Indoor Piping

PEX Joining
- PEX fittings work on principle of compression (tubing is compressed over fitting ribs)

- PEX fittings are produced from lead-free brass alloys and engineered polymers
- Butt fusion or socket fusion fittings do not work well with PEX

Collection of PEX fittings from multiple manufacturers
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Recommended Piping Materials for Inside/Indoor Piping

PEX Joining
- Connections are typically via compression fittings or electrofusion

+ —
Manual

crimp tool

Crimp ring fitting Copper crimp ring
(both per ASTM F1807)
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Recommended Piping Materials for Inside/Indoor Piping

PEX Joining
- Connections are typically via compression fittings or electrofusion

Courtesy Viega LLC _"' f <. Yy I:::::._.- Courtesy Uponor

Press-sleeve PEX fitting Cold-expansion PEX fitting
per ASTM F3347 per ASTM F1960
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Recommended Piping Materials for Inside/Indoor Piping

PEX Joining
- Connections are typically via compression fittings or electrofusion

e

Courtesy REHAU

Cold-expansion compression-sleeve HDPE electrofusion fitting on
PEX fitting per ASTM F2080 PEX tubing per ASTM F1055
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Recommended Piping Materials for Inside/Indoor Piping

PEX Summary
- Tough, durable, flexible, strong material with high temperature capabilities (180°F or higher)

- ldeal when high temperature resistance is needed (e.g., thermal solar contributions)

- Available in diameters up to 3 inch nominal
- Joining systems install without fusion using basic hand tools or battery-electric tools

- More expensive than PE4710, more economical than copper
- Many domestic sources
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Recommended Piping Materials for Inside/Indoor Piping

4. PE-RT: Polyethylene of Raised Temperature Resistance

- PE-RT is modified HDPE material with enhanced capabilities to withstand higher temperatures
- Strong and tough material suitable for applications up to 180°F (82°C)

- Same dimensions as PEX tubing; predominantly only available as Tubing

- PE-RT tubing can be joined via heat fusion or using most PEX compression fittings

- PE-RT = HDPE material with higher temperature capabilities

- Produced according to ASTM F2729 and/or CSA B137.18

- Recognized in all model codes for inside/indoor piping

Common type:
- PE4710 (PE material designation code)

Courtesy Legend Valve
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Recommended Piping Materials for Inside/Indoor Piping

5. PP-R & PP-RCT: Polypropylene
- PP-R & PP-RCT are high-temperature plastic pressure piping materials first used for plumbing and hydronic

heating in the 1980s in Europe and introduced to North America in the 2000s
- Provided in straight pipes lengths in DN (metric) diameters (e.g., 25 mm, 50 mm, 75 mm, etc.)
- Produced according to ASTM F2389 and/or CSA B137.11
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Recommended Piping Materials for Inside/Indoor Piping

PP-R & PP-RCT: Two types of polypropylene pressure pipe materials
- Random copolymerized polypropylene (PP-R) is a high-temperature plastic pressure piping system first

used for plumbing and hydronics, now for geothermal headers, indoor piping

- Polypropylene random copolymer with modified crystallinity & temperature resistance (PP-RCT) is a
stronger grade of PP material, higher tensile strength, higher pressure rating

©2023 Plastics Pipe Institute




Recommended Piping Materials for Inside/Indoor Piping

PP-R & PP-RCT Connections
- Connections are typically via heat fusion (socket, butt, and electrofusion)

- Various mechanical fittings (e.g., grooved) and adapters are also available

Courtesy Aguatherm

Basic fusion steps: 1. Heat 2. Press 3. Cool
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Recommended Piping Materials for Inside/Indoor Piping

PP-R & PP-RCT Connections
- Electrofusion joints have embedded copper wires that heat the fitting, welding it to pipe ends

- A computerized machine controls the process ELEURDFUSION\
COUPLING

;_. _— _"'r_"_.
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Recommended Piping Materials for Inside/Indoor Piping

PP Summary

- Strong rigid piping material with high temperature capabilities (typically rated for 176°F)

- Fiber-core reinforcement layers reduce longitudinal thermal expansion/contraction

- Available in diameters from 16 mm to 710 mm (soft conversions % inch to 28 inch)

- Available in various wall types and thicknesses (e.g., SDR 7.4, SDR 9, SDR 11, SDR 13.5, etc.),
depending on the required pressure rating

- Fusion joining with a wide variety of fittings shapes and sizes

- More economical than copper

- Several domestic sources
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Recommended Piping Materials for Inside/Indoor Piping

Summary
- The plastic piping materials recommended for inside/indoor piping are:

- CPVC chlorinated polyvinyl chloride

- HDPE high density polyethylene

- PEX crosslinked polyethylene

- PE-RT polyethylene of raised temperature resistance
- PP-R, PP-RCT polypropylene

- Each of these materials provides corrosion resistance, chemical resistance, flexibility, impact resistance,
resistance to slow crack growth, long-term hydrostatic strength (pressure capability), temperature
resistance, and good thermal conductivity
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3. PPl Resources for the Geo Industry

PPl Resources

- As a non-profit trade association intending to support the geothermal industry, PPl members wish to
support specifiers, designers, and installers with helpful tools

- All support tools are available at no charge on PPl website www.plasticpipe.org/buildingconstruction

-

L /]
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PPl Resources for the Geo Industry

Please visit our website for:
- Application information on Geothermal Ground Loop Piping Systems, links to other tools

See Also

PPI TM-54 General Guidelines for Squeezing Off Polyethylene Pipe in Water, Qil and Gas Applications
PPITM-55 Plastic Piping Materials for Ground Source Geothermal Heating and Cooling Applications
BCD Plastic Pipe Design Calculator

PPl Presentation: Plastic Piping Materials for Ground Source Geothermal Systems

PPl Handbook of Polyethylene Pipe (Ch. 13) HVAC Applications for PE Pipe

AMSI/CSA/IGSHPA C448 Design and installation of ground source heat pump systems for commercial
ASTM F2620 Standard Practice for Heat Fusion Joining of Palyethylene Pipe and Fittings

Geothermal heating and cooling systems, also referred to as "ground source’, "ground-coupled”, or "sarth energy” heat p ASTM F3190 Standard Practice for Heat Fusion Equipment (HFE) Operator Qualification on Polyethyle
electrically-powered systems that take advantage of the Earth's relatively constant, moderate ground temperature to pro International Ground Source Heat Pump Association IGSHPA

water more efficiently and less expensively than would be passible through other conventional heating and cooling tech The Geothermal Exchange Organization GEO

International Ground Source Heat Pump Association. NSF 358 Certification Programs for Geothermal Piping Systems

Meline/Kavanaugh Paper: Geothermal Heat Pumps—Simply Efficient

Heat Pump Basis by Professor Eugene Silberstein

Geothermal Heat Pumps in K-12 Schools: A Case Study of the Lincoln, NE Schools
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PPl Resources for the Geo Industry

Please visit our website for:
- A specific webpage for each piping material

HIGH DENSITY POLYETHYLENE (HDPE) GEOTHERMAL PIPING

POLYETHYLENE O
POLYPROPYLENE PRESSURE PIPING SYSTEMS

High density polyethylene (HOPE piping systems haw
Canstruction Division, HDPE pipes ane used for groisnd

For ather applications of HDPE piping systems, please

Introduction PEX tubing comes in nominat sizes ranging
HDPE fs curently produced fram compaunds with pip hipdrostatic pressure ratings of 160 psiat 73 pe.gT wibing comes in nominal sizes ranging fro i
ASTM D3350, for appropriate pressure ratings. PEX tubing 75F (1379 kPa at 23°C) and 100 psi at 180°F (690) Polypropylene (PR} I a wersatile plpirg material that Is used in a wide range of appiications. Tvo types of PP are used for pressure piping systems: FP-R (palypropybene
: rendem copolymerns and PP-RCT (pelypropylene rardam copalymer with modified crystailinily and temperature resislance].

HDPE is avaitable in both IPS (iron pipe sizel and €TSH Dafiniti tubing and pipe are sold In colls and straight len
pipe are praduced In eoils and sorasght lengrhs. Cansyl nition - ‘With their high temgesature and pressune capabilities, PPR and PP-RCT pipes ate suitable for demanding pressure pipmg applications, tuch a5 pressure piping
PEX i5 a polyethylens material which has u Definition {plumbing, hydronics] in cammercial high-rise bulidings.

chemically linked. Crosslinking of polyethy

resistance and resistance to show orack gro

PE-RT is a polyethylene {PE) rein in which the my PP-F plpes are alse used In mon-pressure applications, and provide resistance to highly aclelic and baske solutions, such as corrosion Inhibitars and chemicals used In
operation at elevated or raised ternperatures (RT hpdranic feating and cooling systems. Jaints are typlcally heat fused fabiowing standard industry practices.
temperature strength and performance, chemicy

PR and PP-RCT pipes come in metric sines ranging frem 16 10 710 mm, alwo krnown & nominal diameters 378 to 28, The minimum hydroitatic pressure rtings ane

typecalty higher far PP-RCT materiali, but pipes with different dimemsion ratios (DR and wall thicknesses can have higher or lower presiune 1alngs.
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Please visit our website for:

T o
echnical literature on many piping topi
iCS

BCD TECHNICAL LITERATURE

CROSSUNKED POLYETHYLENE (PEX)
PIPE & TUBING SYSTEMS

INSULATION RECOMMENDATIONS FOR
PLASTIC PRESSURE PIPING MATERIALS
IN RESIDENTIAL APPLICATIONS

pPI TN-17

2021 PP} TN-65

2021

PPl Resources for the Geo Industry

®PPI

Plastics Pipe Institute
Tha Vi of B INAUSTH

Testing PEX and PE-RT Tuking Systems with compressed Air or Inert Gas

Originally jgsued July 2018
Revisad May 20
B2022 The Flastics Pipe |nsttute, Inc.

ompleted PRING systam is typically required &y jacal code raguiation®
T mamufechurer 1o BNSUTE hmﬂ.mlhecnmvuﬁhnof
+. and cold-water plurmiing distrioution, fira pretection, watar

. poling, and snev and ica meling gystams, IS gomatimes
difficut o test systems wsing prwzm'zou. water bacause of freazing conditions.
«atar supply, GF ins nt [ pragsune In such CESES. re testing using
compressad air of inart gas (8.9 nielium, nitragen) |s & preferred solution.

wmmwpuofpmﬂcpmwmm
tasted with comprassed it of GAs. crosslinked pety
raised tamperaturs (PE-RT)are fiaxible tubing miatel

o e tested with compressed alr of inert 928,
inafructions aré fotiowed and that all testing i performed in
paest ! and requiations

e emeaus test is performed on-site mwfmmm@wm. tne test
'MM“MNWMCWHMHMMDHGEWM
L S aaer causl o e
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PPl Resources for the Geo Industry

PPl TN-55
- Published in March 2018 as a guide to the industry
- Contains general installation information and piping details

Chapters:

1.0 Introduction

2.0 Mechanical Components

3.0 Ground Loop Heat Exchange Piping Systems
4.0 Ground Loop Heat Exchange Piping Materials
5.0 Headers and Distribution Manifolds

6.0 Heat Transfer Fluid

7.0 Standards, Codes and Regulations

Plastic Piping Materials for
Ground Source Geothermal
Heating and Cooling Applications

TN-55

2018

(F) PLASTICS -PIPE - INSTITUTE"




PPl Resources for the Geo Industry

PPl TN-55 Content
1 . O I ntrOd u Ctl O n e E:;:::;?::;m vaulte are ganarally amplayed whan bullding

lhe mechanical space & limited, or the system & wery large, Exbenor
bured collection vaults can be located adjacent 1o buildings or installed

2.0 Mechanical Components o e e oo e e B e o fost or matess

Collaction vaults are somatimes made of cast concrete, but the

3.0 Ground Loop Heat Exchange Piping Systems prfrtod dosis of vautear it om JOPE ator.ofon

using flat sheels and large diameber cipes, welded fogether as a
vartical column o lower, water-tght and sale for access by installers

3.1.1 Horizontal Piping Systems Sratoms i agor o Son Pigurs 11 o5 s vl of 8

honzontal vaull.

3 . 1 . 2 Ve rtl Cal P I pl n g Syste mS The undergrownd colleclion vault typically contains one of more

disnsution manifolds, dapanding on the size of the system. Tha vaull
may be centrally located in the midat of many ground heat exchangers,

3.1.3 Pipe-in-Pipe Coaxial Vertical Systems Scharge k1 o oot e e et et

3.1.4 Helix Piping Systems

3.1.5 Inclined or Angled Configurations

3.1.6 Horizontal Directional Drilling (HDD)

3.1.7 Energy Piles |

3.1.8 Submerged Piping Systems Flaare 1; Excnpl o HOPE collcion va.As i o aniils (4ot cusns)
4.0 Ground Loop Heat Exchange Piping Materials
5.0 Headers and Distribution Manifolds




PPl Resources for the Geo Industry

PPl TR-19
- First published in 1973; latest update 2020
- Provides chemical resistance to over 600 chemicals

and most types of plastic pipes and fittings
CHEMICAL RESISTANCE OF

Table 1: Plastic Materials Identification PLASTIC PIPING MATERIALS

ABS acrylonitrile-butadiene-styrene
CPVC chlorinated polyvinyl chloride
PP polypropylene
PP-R ! polypropylene random copolymer
PP-RCT ' | polypropylene random copolymer with modified crystallinity and
temperature resistance
PVC polyvinyl chloride
PE polyethylene (representative of medium density polyethylene [MDPE]
and high density polyethylene [HDPE]; not representative of low density
polyethylene [LDPE])
PE-RT 2 polyethylene of raised temperature resistance
PB Polybutylene
PVDF polyvinylidene fluoride
PEX crosslinked polyethylene
PA11/ PA12 | polyamide 11 / polyamide 12
PSU Polysulfone
PPSU Polyphenylsulfone




PPl Resources

PPl TR-19

- First published in 1973; [

- Provides chemical resist;
and most types of plastic

**May not be fully applicable to pressurized applications***

Chemical Formula

Concentration

ABS

CPVC

PP PE
(PP-R, (MDPE,

PP- HDPE,
RCT) PE-RT)

PVDF

PSU

Methanol (Methyl Alcohol)
CAS# 67-56-1
CHs OH

5%
Liquid

Rto 180
N

Rto180 Rto 140 Rto 140

R to 140

Rto 140
L to 176

R to 140

Methoxyethyl Oleate
CAS# 111-104
CHs OCHz CHz OOCCi7Haa

Methyl Acetate
CASi# 79-20-9
CHz CO2 CH3

Rto 140 Lto 120

L to 120

Table 1: Plastic

Methyl Acrylate
CASi# 96-33-3

CHz2 =CHCOOCH3

Tech Pure

Rto 140

R to 140

ABS

acrylonitrile-butadiene-si

CPVC

chlorinated polyvinyl chlg

PP

polypropylene

Methylamine
CASi 74-89-5
CHz NH2

PPR

polypropylene random cf

PP-RCT |

polypropylene random cf
temperature resistance

PVC

polyvinyl chloride

Methyl Bromide
CASi# 74-83-9

CHs Br

PE

polyethylene (representa
and high density polyeth
polyethylene [LDPE])

Methyl Butyl Ketone
CASi# 591-78-6

CHzCO(CHz2)3sCHs

Lto 122

PE-RT

polyethylene of raised tg

PB

Polybutylene

PVDF

polyvinylidene fluoride

PEX

crosslinked polyethyleng

Methyl Cellosolve
CAS# 109-86-4
HOCH2 CHz2 OCHs

Lto 120

L to 120

PA11/ PA12

polyamide 11 / polyamid

PSU

Polysulfone

PPSU

Polyphenylsulfone

Methyl Chloride
CASi# 74-87-3

CHs Cl

Lto 120

L to 120

Methyl Chloroform
CAS# 71-55-6
CHaCCls

Lto 120

L to 120




PPl Resources for the Geo Industry

Plastic Piping Design Calculator — Pressure Drop / Head Loss
- Free online sizing tool at www.plasticpipecalculator.com

Plastic Pipe Design Calculator

PRESSURE DROP / HEAD LOSS

Is this a Geothermal Application?

Pipe/Tubing Selection’

Pipe/Tubing Material:
Sizing Type (CTSIPSMatric):
Wall Type (SDR/Schedule).

Meminal Pipe/Tubing Size;

HDPE - PE 4710

IPS (ASTM D3035/C5A B137.1)

SDR 1 W

118

'

W

(4]
l;:'.:._ Calculate

PP1 PLASTIC PIPE
DESIGN CALCULATOR

PlasticPipeCalculator.com

Flow Regime: Turbulent

Pressure Drop: 7.0 Psi 485 kPa
Head Loss: 16.2 ft water

Velocity™: 2.1 ft/s 0.6 m/s

B Calculation Details ¥ Print

* Values shown above are not an indication that the flow velocity is acceptable for your application.

Always refer to and follow the pipe manufacturers recommended velocity limits.

&) Email
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Plastic Piping Design Calculator — Pipe Weight / Volume
- Free online sizing tool at www.plasticpipecalculator.com

BCD Plastic Pipe Design Calculator Ver 3.0 (4]
Iz

PIPE WEIGHT / VOLUME
Is this a Geothermal Application?
Pipe/Tubing Selection'
Sizing Type (CTS/PS/Metric): IPS (ASTM D3035/CSAB137.1) v Dry Weight: 369.2Ib 167.5kg
Wall Type (SDR/Schedule): SDR M v Filled Weight: 1M117.91b 507 1 kg
" . . o D . .
Nominal Pipe/Tubing Size*: 4 A Volume Of Fluid In Pipe: 86.2 US Gallons 32621
Volume Of Mixture Fluid: 43.1 US Gallons 163.1L
[ calculation Details
Maora infarmaton on HDPE
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PPl Resources for the Geo Industry (O SR on

PlasticPipeCalculator.com

Plastic Piping Design Calculator — Thermal Expansion / Contraction
- Free online sizing tool at www.plasticpipecalculator.com

BCD Plastic Pipe Design Calculator Ver 3.0 =0
Iz

THERMAL EXPANSION / CONTRACTION

Initial Temperature: 45 | °F

Is this a Geothermal Application?
. _ = o
Pipe/Tubing Selection! Final Temperature: 125 | °F
Pipe/Tubing Material: HDFE - PE 4710 w7 .
Length of Pipe: 100 | ft
Sizing Type (CTS/IPS/Metric): IPS (ASTM D3035/CSAB13T.1) W
Wall Type (SDR/Schedula): SDR 11 W
Mominal Pipe/Tubing Size®: 4 W Results

Length of Tube Expansion:

@ Calculation Details @ Print @ Email
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PPI Resources for the Geo Industry © R o

PlasticPipeCalculator.com

Plastic Piping Design Calculator — Expansion Arm / Loop
- Free online sizing tool at www.plasticpipecalculator.com

BCD Plastic Pipe Design Calculator Ver 3.0 =0 |
3 Calculate
EXPANSION ARM/LOOP “ee )
ee
Expansion Type: O Arm @ Loop

1 Length L4: 16.6 in 422 mm
Length Lo: 33.31in 845 mm

Anchor point _/ -
Expansion Length AL: 7.71n 195 mm

@ Calculation Details q:';'p Print @ Email
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PP| Resources for the Geo Industry

PlasticPipeCalculator.com

Plastic Piping Design Calculator — Static Water Column Pressure

Free online sizing tool at www.plasticpipecalculator.com BCD Plastic Pipe Design Calculator Ver 3.0
Pipe/Tubing Selection’ ‘ STATIC WATER COLUMN PRESSURE
PipeTubing Materia PP-RCT, Fbercore Layer 7 l-.-.: Calculate fop ]
mm®
Sizing Type (CTSIPS/Metric); DN - Metric (ASTM F2389) T i :.i mﬁﬁaglrc Protection, Hydronic
Psurface (Surface Pressure)3: 15 ‘psi
Height of Water/Fluid Column: 60 ‘ﬂ
Fluid Type (Water or % Antifreeze?): 30% Propylene Glycol v
Results
Averadg
Static Water Column Pressure at Bottom  41.3 Psi 284.9 kPa

of Vertical Column:

@ Calculation Details Ep Print @ Email

“Static Water Column Pressure is shown to help the user determine if selected pipe or tubing is
appropriate to withstand the calculated internal pressure. Always refer to and follow the pipe
manufacturer's recommended pressure limits.
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Summary
- All support tools are available at no charge on PPl website www.plasticpipe.org/buildingconstruction

- Share your thoughts and ideas and let us know how we can support you on piping topics
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Inside / Indoor Piping Materials for Geothermal Systems

Presentation Summary: This presentation addressed
1. Industry standard and code requirements for inside/indoor piping materials

2. Recommended types of piping materials for inside/indoor piping in geothermal systems

3. PPI resources for sizing and designing inside piping

©2023 Plastics Pipe Institute
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Inside / Indoor Piping Materials for Geothermal Systems
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	The Plastics Pipe Institute��PPI Represents the Plastic Pipe Industry��- PPI was formed in 1950 to research and develop test methods for plastic pressure pipes�- Today: Non-profit trade association serving North America, based in Irving, TX��PPI Mission: To advance the acceptance and use of plastic pipe systems through research, education, technical expertise, and advocacy ��Members: Over 170 member firms involved with the plastic pipe industry��PPI Website: www.plasticpipe.org ��
	The Plastics Pipe Institute��PPI Building & Construction Division (BCD)��- BCD is focused on plastic pressure pipe and tubing systems used within buildings and on building premises �  for applications such as plumbing, water service, fire protection, hydronic heating & cooling, snow & ice   �  melting, district energy heating & cooling, and ground source geothermal piping systems.��BCD Materials: CPVC, HDPE (Geothermal), PEX, PE-RT, PEX-AL-PEX, and PP (PP-R & PP-RCT)��BCD homepage: https://plasticpipe.org/BuildingConstruction 
	Inside / Indoor Piping Materials for Geothermal Systems��- The “Ground Loop Pipe” is the heat exchanger with the Earth �- Inside or “indoor” piping refers to headers or manifolds inside vaults or buildings, the piping connecting   �  ground loops to heat pumps, and the piping used to distribute hydronic energy throughout a building
	Inside / Indoor Piping Materials for Geothermal Systems��Examples of Inside or Indoor piping
	Inside / Indoor Piping Materials for Geothermal Systems��Presentation Outline: This presentation will address��1. Industry standard and code requirements for inside / indoor piping materials��2. Recommended types of piping materials for inside / indoor piping in geothermal systems�		�3. PPI resources for sizing and designing inside / indoor piping �������
	1. Geothermal Code Requirements for Inside/Indoor Piping��Review the following Model Codes:�- ANSI/CSA/IGSHPA C448-2016�- 2021 ICC International Mechanical Code (IMC)�- 2021 IAPMO Uniform Mechanical Code (UMC)�- 2021 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC)������
	Geothermal Code Requirements for Inside/Indoor Piping��ANSI/CSA/IGSHPA C448.0 General Requirements������
	Geothermal Code Requirements for Inside/Indoor Piping��ANSI/CSA/IGSHPA C448.0 General Requirements������
	Geothermal Code Requirements for Inside/Indoor Piping��ANSI/CSA/IGSHPA C448.1 Commercial and institutional buildings������
	Geothermal Code Requirements for Inside/Indoor Piping��ANSI/CSA/IGSHPA C448.1 Commercial and institutional buildings������
	Geothermal Code Requirements for Inside/Indoor Piping��ANSI/CSA/IGSHPA C448.1 Commercial and institutional buildings������
	Geothermal Code Requirements for Inside/Indoor Piping��2021 ICC International Mechanical Code (IMC)���������- Table 1210.4 provides the list of approved Ground-Source Loop Pipe materials�- The IMC does not mention “inside” or “indoor” piping������
	Geothermal Code Requirements for Inside/Indoor Piping��2021 ICC International Mechanical Code (IMC)�- Table 1202.4 provides the list of approved Hydronic Pipe materials������
	Geothermal Code Requirements for Inside/Indoor Piping��2021 IAPMO Uniform Mechanical Code (UMC)�- Appendix F covers Geothermal Energy Systems �- Table F 104.2 provides the list of approved Plastic Ground Source Loop Piping�- The UMC refers to Ch. 12 for Indoor Piping (see next slide)������
	Geothermal Code Requirements for Inside/Indoor Piping��2021 IAPMO Uniform Mechanical Code (UMC)�- Chapter 12 Table 1210.1 �  provides the list of approved �  Materials for Hydronic �  System Piping, Tubing and�  Fittings������
	Geothermal Code Requirements for Inside/Indoor Piping��2021 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC)�- Chapter 7 covers Geothermal Energy Systems �- Table 703.2 provides the list of approved Plastic Ground Source Loop Piping�- Section 703.5 refers to Ch. 4 for Indoor Piping (see next slide)�������
	Geothermal Code Requirements for Inside/Indoor Piping��2021 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC)�- Chapter 4 Table 409.1 �  provides the list of approved �  Materials for Hydronic �  System Piping, Tubing �  and Fittings������
	Geothermal Code Requirements for Inside/Indoor Piping��Flame and Smoke Ratings: UMC�- The 2021 UMC requires that if piping is to be installed within a return air plenum that requires �  “non-combustible materials” then the piping must demonstrate a flame spread rating ≤ 25 and    �   a smoke spread rating ≤ 50 when tested according to ASTM E84 or UL 723��- These values are generated using the so-called “Steiner Tunnel” test��- Codes are subject to change, so check with �  local codes for specific requirements!������
	Geothermal Code Requirements for Inside/Indoor Piping��Flame and Smoke Ratings: IMC�- The 2021 IMC requires testing according ASTM E84 or UL 723 or UL 2846��- IMC Section 602.2.1.7 allows that plastic water distribution piping and tubing listed and labeled in   �  accordance with UL 2846 as having a peak optical density not greater than 0.50, an average �  optical density not greater than 0.15, and a flame spread distance not greater than 5 feet (1524 �  mm) and installed in accordance with its listing may be used��- Codes are subject to change, so check with local codes for specific requirements!��- In Canada, flame and smoke spread testing is in accordance with CAN/ULC S102.2������������
	Geothermal Code Requirements for Inside/Indoor Piping��Flame and Smoke Ratings: Testing�- Many plastic pipes are somewhat combustible, so flame and smoke certifications may be �  achieved with the use of pipe insulation (which is also required for thermal reasons)��- Each pipe manufacturer must carry�  their own certifications which describe �  how the products were tested and �  how they may be installed������
	Geothermal Code Requirements for Inside/Indoor Piping��Flame and Smoke Ratings: Testing�- Many plastic pipes are somewhat combustible, so flame and smoke certifications may be �  achieved with the use of pipe insulation (which is also required for thermal reasons)��- Each pipe manufacturer must carry�  their own certifications which describe �  how the products were tested and �  how they may be installed������
	Geothermal Code Requirements for Inside/Indoor Piping��Summary:�- ANSI/CSA/IGSHPA C448 is being updated – changes have yet to be approved�- The 2024 ICC International Mechanical Code (IMC) will no longer allow Lead pipes�- The 2024 IAPMO Uniform Mechanical Code (UMC) will have Geothermal Energy Systems as Ch. 17�- The 2024 IAPMO Uniform Solar, Hydronics and Geothermal Code (USHGC) will have numerous revisions������
	2. Recommended Piping Materials for Inside/Indoor Piping��The piping materials recommended for inside/indoor piping are:��- Cu		copper�- Steel		schedule 10 or schedule 40�- CPVC		chlorinated polyvinyl chloride�- HDPE 		high density polyethylene�- PEX 		crosslinked polyethylene�- PE-RT 		polyethylene of raised temperature resistance�- PP-R, PP-RCT 	polypropylene ��This presentation will focus on the five approved plastic pipe materials�	
	Recommended Piping Materials for Inside Piping��“Tubing vs. Pipe”��- “Tubing” means the actual Outside Diameter is 1/8 inch larger than the nominal size�- “Pipe” means the actual Outside Diameter matches that of iron/steel pipe of the same nominal size, �   or products where the actual OD matches the nominal size (e.g., DN 63 pipe = 63 mm OD)�- Tubing uses nominal sizes such as ‘NTS 3/4’; also known as Copper Tube Size (CTS)�- Pipe uses nominal sizes such as ‘NPS 3/4’; also known as Iron Pipe Size (IPS)  ��- IPS pipes are typically larger than CTS pipes�- Example: 1 inch CTS Tubing OD = 1.125” (28.6 mm)�	    1 inch IPS Pipe OD = 1.315” (33.4 mm) 15% larger�	�
	Recommended Piping Materials for Inside Piping��Dimension Ratios�-  Most* plastic pipe and tubing follows a Standard Dimension Ratio (SDR)�-  SDR Definition: the ratio of outside diameter to wall thickness, calculated by dividing �   the average outside diameter of the tubing by the minimum wall thickness �-  Bigger SDR number = thinner wall and lower pressure rating�*Exception: Pipes that follow Schedule 40/80 dimension schemes do not use SDRs��- For the same SDR, each diameter of the pipe type (e.g., ¾, 1, 2) has the same pressure capability & rating�- SDR is also known as “wall type”�- Examples: �     - PEX tubing is SDR 9 (wall thickness is 1/9 of the OD)�     - HDPE pipe may be SDR 9, SDR 11, SDR 13.5, SDR 17, etc. �     - E.g., For SDR 11 pipe, wall thickness is 1/11 of the OD = 9% of the OD
	Recommended Piping Materials for Inside/Indoor Piping��1. CPVC: What is CPVC?�- CPVC is polyvinyl chloride (PVC) that has been chlorinated via a free radical chlorination reaction�- CPVC material is produced by adding a chlorine molecule (C) to PVC�- Chlorine added to PVC gives CPVC higher temperature performance and improved fire and corrosion resistance�- CPVC pressure pipe is a distinct material from PVC pressure pipe, with additional capabilities�- Recognized in all model codes for inside/indoor piping�						�
	Recommended Piping Materials for Inside/Indoor Piping��CPVC: Chlorinated Polyvinyl Chloride�- A high-temperature pressure piping system; rated for operation up to 200°F (93°C)�- Introduced for potable plumbing in 1959 (60+ years ago) followed by other uses�- Used for hot- and cold-water distribution, hydronic heating & cooling, industrial and process piping applications�- Provided in straight pipes lengths in both CTS sizes and IPS sizes�- Produced according to ASTM D2846, F441, F442 and/or CSA B137.6��Common types: CPVC 4120-05, CPVC 4120-06 (material designation codes)��							�
	Recommended Piping Materials for Inside/Indoor Piping��CPVC Configurations�-  CPVC is provided in straight lengths�-  Copper Tube Size (CTS) diameters ½ to 2 in SDR 11 wall type�-  Iron Pipe Size (IPS) diameters ½ to 24 in Schedule 40/80 and several SDRs�-  Fittings are molded in both CTS and IPS sizes��							�
	Recommended Piping Materials for Inside/Indoor Piping��CPVC Joining�-  CPVC pipe & fittings are joined via: �   - Solvent Cement �   - Push-fit Fittings�   - Grooved mechanical fittings �   - Flanged connections�						��
	Recommended Piping Materials for Inside/Indoor Piping��CPVC Chemical Compatibility�- CPVC materials have certain incompatibilities with some construction materials�- Each CPVC manufacturer should test for and publish chemical compatibility��Example:�- The FBC™ System Compatible Program is a resource made available to manufacturers �  of ancillary products intended to be used with CPVC to help determine whether a product �  is chemically compatible with Lubrizol Advanced Materials' FlowGuard®, BlazeMaster®, �  Corzan®, and products made with TempRite Technology�- Visit https://www.lubrizol.com/CPVC/FBC-System-Compatible-Program - 		�
	Recommended Piping Materials for Inside/Indoor Piping��CPVC Summary�- Strong rigid piping material with high temperature capabilities (rated for 200°F)�- Available in wide range of CTS and IPS diameters �- Available in various wall types and thicknesses (e.g., SDR 11, SDR 13.5, Schedule 40/80, etc.)�  depending on the required pressure rating�- Wide variety of fitting shapes and sizes available�- More economical than copper�- Several domestic sources�������
	Recommended Piping Materials for Inside/Indoor Piping��2. HDPE: High Density Polyethylene��- High density polyethylene (HDPE) is the most common type of piping material used for ground heat �  exchangers, with decades of proven service for this application�- Strong and tough material, suitable for applications up to 140°F (60°C)�   - Pressure ratings of pipes must be de-rated above 80°F (27°C)�- High chemical resistance, corrosion resistant, economical�- Produced according to ASTM D2239, D3035, F714 and/or CSA B137.1�- Recognized in all model codes for inside/indoor piping��Common types:�- PE3608, PE4710 (thermoplastic material designation codes)���							�
	Recommended Piping Materials for Inside/Indoor Piping��What do the codes PE3408, PE3608, and PE4710 mean?��- Thermoplastic pipe material designation codes (e.g., PE3608, PE4710) are defined in ASTM F412 �- Specific properties make up the PE pipe Material Designation Code (defined in ASTM D3350):�   - First digit: “the cell classification number value for density” �   - Second digit: “the cell classification number value for slow crack growth resistance”�   - Third & Fourth digits: “the hydrostatic design stress when tested with water at 73°F, in units of 100 psi”��PE4710 vs. PE3408:�- Higher density/stiffness�- Much higher slow crack growth resistance�- Higher hydrostatic design stress (1,000 psi vs. 800 psi)�- Higher Design Factor (0.63 vs. 0.50)�- Higher pressure ratings					
	Recommended Piping Materials for Inside/Indoor Piping��HDPE Connections�- HDPE connections are typically via heat fusion (three types of fusion)�   1. Butt fusion (pipe-to-pipe or fitting-to-fitting) joints are produced according to ASTM Standard D3261�   2. Socket fusion (pipe-to-fitting) joints are produced according to ASTM Standard D2683�   3. Electrofusion (pipe-to-fitting) joints are produced according to ASTM Standard F1055�- Fusion joints shall be installed in accordance with ASTM Standard Practice F2620�- Electrofusion joints shall be installed in accordance with ASTM Standard Practice F1290��������	Butt fusion joint         		       Electrofusion fitting                                  Socket fusion caps for testing����������
	Recommended Piping Materials for Inside/Indoor Piping��HDPE Connections�- ASTM F2620 Standard Practice for Heat Fusion Joining of Polyethylene Pipe and Fittings�  is the industry’s practice for heat fusion (based somewhat on PPI TR-33)�- First published in 2006, latest edition 2020
	Recommended Piping Materials for Inside/Indoor Piping��HDPE Summary�- Tough, durable, flexible, strong material�- Proven over 40+ years in ground loop applications�- Wide range of diameters and wall types�- Many domestic sources�- Mechanical fittings (e.g., Victaulic) are options�- Available in various wall types and thicknesses (e.g., SDR 7.4, SDR 9, SDR 11, SDR 13.5, etc.), �  depending on the required pressure rating�- Material has its temperature limitations �- Heat fusion requires training, equipment, and attention to detail����
	Recommended Piping Materials for Inside/Indoor Piping��3. PEX: Crosslinked (X) Polyethylene�- Crosslinked polyethylene (PEX) is modified HDPE with enhanced capabilities for temperature�- PEX is a high-temperature, flexible pressure pipe, 50 years of global usage in pressure applications�- Crosslinking creates a three-dimensional matrix of connected molecules�- Approved for geo ground loops in North America since 2008 �- Produced according to ASTM F876 and/or CSA B137.5�- Recognized in all model codes for inside/indoor piping��- PEX is widely used for plumbing, water service, fire protection, �  hydronic heating and cooling, snow and ice melting,�  and ground source geothermal piping systems���
	Recommended Piping Materials for Inside/Indoor Piping��PEX: Crosslinked (X) Polyethylene�- PEX density is slightly lower than HDPE�- Lower tensile strength = Less stiff = More flexible = Lower pressure rating for the same wall thickness�- Strong and tough material, suitable for applications up to 180°F (82°C) and beyond�- Predominantly only available as Tubing �- Many joining options available (not butt fusion or socket fusion)��Common types:�- PEX 1206, PEX 3306 (PEX tubing material designation codes)��-  Note: PEX “code” is Not Comparable  �   to the PE material designation code				
	Recommended Piping Materials for Inside/Indoor Piping��PEX Joining�- PEX fittings work on principle of compression (tubing is compressed over fitting ribs)�- PEX fittings are produced from lead-free brass alloys and engineered polymers�- Butt fusion or socket fusion fittings do not work well with PEX ��������   �		�			Collection of PEX fittings from multiple manufacturers���   �������� 	�
	Recommended Piping Materials for Inside/Indoor Piping��PEX Joining�- Connections are typically via compression fittings or electrofusion ���   ��������
	Recommended Piping Materials for Inside/Indoor Piping��PEX Joining�- Connections are typically via compression fittings or electrofusion ���   �������� 	Press-sleeve PEX fitting  	 	       Cold-expansion PEX fitting � 	     per ASTM F3347		              per ASTM F1960�
	Recommended Piping Materials for Inside/Indoor Piping��PEX Joining�- Connections are typically via compression fittings or electrofusion ���   ������� Cold-expansion compression-sleeve	  		   HDPE electrofusion fitting on�      PEX fitting per ASTM F2080	  		   PEX tubing per ASTM F1055�
	Recommended Piping Materials for Inside/Indoor Piping��PEX Summary�- Tough, durable, flexible, strong material with high temperature capabilities (180°F or higher)�- Ideal when high temperature resistance is needed (e.g., thermal solar contributions)�- Available in diameters up to 3 inch nominal�- Joining systems install without fusion using basic hand tools or battery-electric tools�- More expensive than PE4710, more economical than copper�- Many domestic sources������
	Recommended Piping Materials for Inside/Indoor Piping��4. PE-RT: Polyethylene of Raised Temperature Resistance�- PE-RT is modified HDPE material with enhanced capabilities to withstand higher temperatures�- Strong and tough material suitable for applications up to 180°F (82°C)�- Same dimensions as PEX tubing; predominantly only available as Tubing �- PE-RT tubing can be joined via heat fusion or using most PEX compression fittings�- PE-RT = HDPE material with higher temperature capabilities �- Produced according to ASTM F2729 and/or CSA B137.18�- Recognized in all model codes for inside/indoor piping��Common type:�- PE4710 (PE material designation code)�							      ��						�
	Recommended Piping Materials for Inside/Indoor Piping��5. PP-R & PP-RCT: Polypropylene �- PP-R & PP-RCT are high-temperature plastic pressure piping materials first used for plumbing and hydronic �  heating in the 1980s in Europe and introduced to North America in the 2000s�- Provided in straight pipes lengths in DN (metric) diameters (e.g., 25 mm, 50 mm, 75 mm, etc.)�- Produced according to ASTM F2389 and/or CSA B137.11�����
	Recommended Piping Materials for Inside/Indoor Piping��PP-R & PP-RCT: Two types of polypropylene pressure pipe materials�- Random copolymerized polypropylene (PP-R) is a high-temperature plastic pressure piping system first �  used for plumbing and hydronics, now for geothermal headers, indoor piping��- Polypropylene random copolymer with modified crystallinity & temperature resistance (PP-RCT) is a �  stronger grade of PP material, higher tensile strength, higher pressure rating�����
	Recommended Piping Materials for Inside/Indoor Piping��PP-R & PP-RCT Connections�- Connections are typically via heat fusion (socket, butt, and electrofusion)�- Various mechanical fittings (e.g., grooved) and adapters are also available����
	Recommended Piping Materials for Inside/Indoor Piping��PP-R & PP-RCT Connections�- Electrofusion joints have embedded copper wires that heat the fitting, welding it to pipe ends�- A computerized machine controls the process�     �����
	Recommended Piping Materials for Inside/Indoor Piping��PP Summary�- Strong rigid piping material with high temperature capabilities (typically rated for 176°F)�- Fiber-core reinforcement layers reduce longitudinal thermal expansion/contraction�- Available in diameters from 16 mm to 710 mm (soft conversions ½ inch to 28 inch)�- Available in various wall types and thicknesses (e.g., SDR 7.4, SDR 9, SDR 11, SDR 13.5, etc.), �  depending on the required pressure rating�- Fusion joining with a wide variety of fittings shapes and sizes�- More economical than copper�- Several domestic sources�������
	Recommended Piping Materials for Inside/Indoor Piping��Summary�- The plastic piping materials recommended for inside/indoor piping are:��- CPVC		chlorinated polyvinyl chloride�- HDPE 		high density polyethylene�- PEX 		crosslinked polyethylene�- PE-RT 		polyethylene of raised temperature resistance�- PP-R, PP-RCT 	polypropylene��- Each of these materials provides corrosion resistance, chemical resistance, flexibility, impact resistance, �  resistance to slow crack growth, long-term hydrostatic strength (pressure capability), temperature   �  resistance, and good thermal conductivity���	
	3. PPI Resources for the Geo Industry��PPI Resources �- As a non-profit trade association intending to support the geothermal industry, PPI members wish to �  support specifiers, designers, and installers with helpful tools�- All support tools are available at no charge on PPI website www.plasticpipe.org/buildingconstruction �����   �
	PPI Resources for the Geo Industry��Please visit our website for:�-  Application information on Geothermal Ground Loop Piping Systems, links to other tools��   �
	PPI Resources for the Geo Industry��Please visit our website for:�-  A specific webpage for each piping material��   �
	PPI Resources for the Geo Industry��Please visit our website for:�- Technical literature on many piping topics�����   �
	PPI Resources for the Geo Industry��PPI TN-55 �- Published in March 2018 as a guide to the industry�- Contains general installation information and piping details��Chapters: �1.0 Introduction�2.0 Mechanical Components�3.0 Ground Loop Heat Exchange Piping Systems�4.0  Ground Loop Heat Exchange Piping Materials�5.0  Headers and Distribution Manifolds�6.0  Heat Transfer Fluid�7.0  Standards, Codes and Regulations���   �
	PPI Resources for the Geo Industry��PPI TN-55 Content�1.0 Introduction�2.0 Mechanical Components�3.0 Ground Loop Heat Exchange Piping Systems�   3.1.1 Horizontal Piping Systems�   3.1.2 Vertical Piping Systems�   3.1.3 Pipe-in-Pipe Coaxial Vertical Systems�   3.1.4 Helix Piping Systems�   3.1.5 Inclined or Angled Configurations�   3.1.6 Horizontal Directional Drilling (HDD)�   3.1.7 Energy Piles�   3.1.8 Submerged Piping Systems�4.0  Ground Loop Heat Exchange Piping Materials�5.0  Headers and Distribution Manifolds���   �
	PPI Resources for the Geo Industry��PPI TR-19 �- First published in 1973; latest update 2020�- Provides chemical resistance to over 600 chemicals �  and most types of plastic pipes and fittings����   �
	PPI Resources for the Geo Industry��PPI TR-19 �- First published in 1973; latest update 2020�- Provides chemical resistance to over 600 chemicals �  and most types of plastic pipes and fittings����   �
	PPI Resources for the Geo Industry��Plastic Piping Design Calculator – Pressure Drop / Head Loss�-  Free online sizing tool at www.plasticpipecalculator.com  ��   �
	PPI Resources for the Geo Industry��Plastic Piping Design Calculator – Pipe Weight / Volume�-  Free online sizing tool at www.plasticpipecalculator.com  ��   �
	PPI Resources for the Geo Industry��Plastic Piping Design Calculator – Thermal Expansion / Contraction�-  Free online sizing tool at www.plasticpipecalculator.com  ��   �
	PPI Resources for the Geo Industry��Plastic Piping Design Calculator – Expansion Arm / Loop�-  Free online sizing tool at www.plasticpipecalculator.com �   �
	PPI Resources for the Geo Industry��Plastic Piping Design Calculator – Static Water Column Pressure�-  Free online sizing tool at www.plasticpipecalculator.com �   ��   �
	PPI Resources for the Geo Industry��Summary �- All support tools are available at no charge on PPI website www.plasticpipe.org/buildingconstruction �- Share your thoughts and ideas and let us know how we can support you on piping topics�����   �
	Inside / Indoor Piping Materials for Geothermal Systems��Presentation Summary: This presentation addressed��1. Industry standard and code requirements for inside/indoor piping materials��2. Recommended types of piping materials for inside/indoor piping in geothermal systems�		�3. PPI resources for sizing and designing inside piping �������
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