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33 62 00 – Heating Hot Water Distribution 

1. Introduction 

A. Campus Heating hot water leaves the central heating water plants at 150°F with 
pressures up to 150 psi and is returned to the heating water plants 20-30°F cooler. 

B. Campus heating water distribution systems will be designed in accordance with master 
plans developed by Duke FMD.  

C. Planning for utility requirements to support projects must start in the programming 
stages to ensure the work is coordinated with ongoing projects and there is adequate 
capacity to support the project. 

D. All proposed system modifications and extensions shall be coordinated with Duke FMD.   

E. Refer to the following Design & Construction Standard sections for reference, as 
needed: 

a. Duke University Design Guidelines, Section 23 21 13 Building Mechanical Piping 

b. Duke University Design Guidelines, Section 23 25 00 HVAC Water Treatment, 
Flushing and Cleaning 

c. Duke University Design Guidelines, Section 23 60 00 Chilled Water and Heating Hot 
Water Systems. 

d. Duke University Design Guidelines, Section 31 23 00 Trenching, Backfilling, and 
Compaction of Utilities. 

2. References 

A. AWWA Standards for Ductile Iron 

B. ASME B31.1 and B31.9 Standards for Steel 

3. System Design Requirements 

A. Considerations in developing pipe routing: 

a. Hydraulic analysis will be performed by Duke FMD or appointed engineering firm. 

b. Pipe sizing should allow for no more than 2.5 ft pressure drop per 100 ft of piping. All 
distribution pipe sizing should be confirmed with Duke FMD. 

c. Thermal Stress analysis is required for steel distribution during design. Review 
thermal stress models with Duke FMD prior to Construction Documents. 

d. Proper locations of drain and fill assemblies shall be identified to allow for the 
complete drainage of the campus heating water distribution system in its entirety. 

e. Determine if there is a need for redundant points of service. 

f. Distribution material design basis is Ductile Iron for Heating Hot Water. Some project 
conditions may require other distribution materials. Coordinate with Duke FMD. 
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4. Piping Design Standards Summary 

Service Size 
Pipe Material and 

Joint Fittings Valves 

Heating 
Water – 
Ductile 
Iron  
(Design 
Basis) 

4” to 12” 
Cement-Lined Ductile 
Iron with Restrained 
Push-On Gasket 

Restrained Mechanical 
Joints or Restrained 
Push-On Gasket 

Ductile Iron Direct-
Buried Gate Valve with 
Restrained Mechanical 
Joints 

14” to 48” 
Cement-Lined Ductile 
Iron with Restrained 
Push-On Gasket 

Restrained Mechanical 
Joints or Restrained 
Push-On Gasket 

Ductile Iron Direct-
Buried Butterfly Valve 
with Restrained 
Mechanical Joints 

Heating 
Water – 
PP-RCT 

4” to 14” 
Cement-Lined Ductile 
Iron with Restrained 
Mechanical Joints 

Electrofusion joints 

Stainless-Steel Direct-
Buried Ball Valves with 
Welded Joints and 
Mechanical PP-RCT 
Connection 

Heating 
Water – 
Steel 

3” to 30” 
Schedule Standard 
Steel with Welded 
Joints 

Welded Joints 
Stainless-Steel Direct-
Buried Ball Valves with 
Welded Joints. 

 

5. Ductile Iron 

A. Pressure Rating: 

a. 4” to 16”: 350 psig 

b. 18” to 48”: 250 psig 

B. Temperature Rating: 200°F 

C. Piping and Joints Material:  

a. Pipe: Ductile Iron 

b. Interior Lining: Cement without Seal Coat  

c. Exterior Coating: Asphaltic Coating  

d. Joints:  

i. Restrained Push-On Joint 

a) Pipe: Ductile Iron  
b) Joint: Push-on bell and spigot. 
c) Gasket: EPDM 
d) Mechanical Restraint: Flexible Ring Gasket in Bell with welded, ductile-iron 

ring retainer clip on spigot pipe. 
e) Design Basis: 

i) Pipe and Joint 

(a) American Pipe: Flex Ring  
(b) US Pipe: HDSS Quiklok 

ii. Restrained Mechanical Joint 
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a) Pipe Flange: Ductile Iron  
b) Gasket: EPDM 
c) Mechanical Joint Restraint: Ductile Iron Ring Body and Wedges with break-

away set screws sized for correct torque for pipe thickness.  
d) Bolts: Stainless Steel  
e) Pipe/Fitting Design Basis: 

i) American: Mechanical Joint 
ii) US Pipe: Mechanical Joint Pipe 

f) Joint Mechanical Restraint Design Basis: 

i) EBAA Iron: Megalug Series 1100 or Series 1700 
ii) SIGMA: One-Lok SLDE 
iii) Ford Meter box Company: Uni-Flange Series 1400 or Series 1500 

D. Thrust Restraint: all piping shall be provided with restrained joints or mechanical joint 
restraint systems. Concrete Thrust Blocking requires approval of Duke FMD. 

E. Drains and Vents: 

a. Drain: Mechanical joint tee to drain assembly 

b. Vents: all vent taps shall be on the top of the pipe. 

i. 1” and smaller: Tap connection. Field-tap per piping manufacturer’s guidelines. 
ii. 2” and larger: Saddle connection 

a) Design Basis: 

i) American Pipe: Tapping Saddle 
ii) US Pipe: Saddle Connection  
iii) Approved Equal 

F. Valve Requirements 

a. Gate Valves: 

i. Pressure Ratings:250 psig 
ii. Temperature Ratings: 180°F 
iii. Materials 

a) Valve Body: Ductile Iron 
b) Gate: Ductile Iron 
c) Seat and Wedge: EPDM 
d) O-Rings and Gaskets: EPDM 

b. Butterfly Valves: 

i. Pressure Ratings: bubble-tight shut-off at 250 psid 
ii. Temperature Ratings: 180°F 
iii. Materials: 

a) Valve Body: Ductile Iron 
b) Disc: Ductile Iron  
c) Shaft: Stainless Steel 
d) Seat: EPDM 

iv. Joints: Mechanical Joint Connection as specified above 
v. Actuator: Worm Gear with 2” Square Nut Operator 
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vi. Design Basis: 

a) DeZurik BAW 
b) Kennedy Valve Company 
c) H.N. Pratt & Company Inc. 

c. Valve Extension, Operator and Manhole 

i. Manhole Frame and Cover: Heavy Duty, Cast Iron, 7.5” width hexagonal cover 
labeled “HW” 

ii. Wrench extension to within 2’ of surface 

G. Anchors:  

a. Anchors shall be installed near direct-buried valves. If multiple valves exist in one 
area such as at a tee branch connection, a single anchor should be used for all 
valves. 

b. Anchor shall be constructed of concrete with rebar reinforcement.  

c. Engineer to size anchor to limit growth to within 0.1” 

d. Install 2 ductile iron split ring restraints on each pipe connected by a tie rod 
extending out to anchor rebar.  

H. Building Connection: 

a. Utility contractor shall extend distribution piping inside building envelope to a flanged 
connection at an accessible location with floor drains. This shall be a factory-made 
flanged pipe, not field installed “uni-flange.” 

6. Polypropylene (PP-RCT) Piping 

A. Pressure and Temperature Ratings: 

a. Pipe must be rated to 150 psig at 160°F 

B. Piping:  

a. Polypropylene Random Copolymer with Modified Crystallinity and Temperature 
Resistance (PP-RCT) 

b. Piping Class: SDR 9. All pipe and fittings must be rated to SDR 9. 

c. Design Basis: 

i. NUPI Niron Clima Piping 
ii. Aquatherm Blue Piping 

a) If Aquatherm is used, a letter must be obtained from the manufacturer 
saying that all pipe and fittings will meet the pressure and temperature 
ratings of the system as some fittings are not listed for these ratings. 
Include this letter with submittals. 

C. Joints: Electrofusion in accordance with manufacturer’s guidelines.  

D. Drains and Vents: PP-RCT taps with electrofusion joints. 

E. Valves: Steel Direct-Buried Ball Valve with welded steel joints with T-Handle Operator 
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a. Materials: 

i. Body: Steel 
ii. Ball and Stem: 303 or 304 Stainless Steel 
iii. Seals: PTFE for ball, FPM for stem 

b. Valve Joints: Welded Steel joined to PP-RCT for electrofusion. Material coupling 
shall be manufactured using compression to mechanically connect steel and PP-
RCT with a  

i. Design Basis: 

a) Poly-Cam Inc 

c. Operator:  

i. 1-6”: T-bar 
ii. 8-16” portable planet gear 

d. Valve Basis of Design: Vexve welding/welding EN (DIN) 

e. Valve Extension, Operator and Manhole 

i. Manhole Frame and Cover: Heavy Duty, Cast Iron, 7.5” width hexagonal cover 
labeled “HW” or “Hot Water” 

ii. Wrench extension to within 2’ of surface 

F. Anchors: Anchors are not needed for PP-RCT piping. 

G. Building Connection:  

a. Building with PP-RCT piping: extend PP-RCT into building to allow for electrofusion 
joint within building.  

b. Building with steel or copper piping: locate flange for connection within building in 
mechanical room or other accessible location with floor drains. 

H. Tracer Wire 

a. As Plastic pipe is not conductive for utility location tracer wire must be buried 
with pipe. 

7. Steel Piping 

A. Pressure Rating: 150 psig 

B. Temperature Rating: 180°F 

C. Piping and Joint Material 

a. Schedule Standard A53 Grade B, ERW Carbon Steel 

b. All direct-buried joints to be welded.  

c. Pipe shall be provided as pre-insulated piping system designed and thermally 
modeled by  

D. Drains and Vents 

a. Steel Weld-o-lets 
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E. Valves: Steel Direct-Buried Ball Valve with welded steel joints with T-Handle Operator 

a. Materials: 

i. Body: Steel 
ii. Ball and Stem: 303 or 304 Stainless Steel 
iii. Seals: PTFE for ball, FPM for stem 

b. Valve Joints: Welded Steel joints 

c. Operator:  

i. 1-6”: T-bar 
ii. 8-16” portable planet gear 

d. Valve Basis of Design: Vexve welding/welding EN (DIN) 

e. Valve Extension, Operator and Manhole 

i. Manhole Frame and Cover: Heavy Duty, Cast Iron, 7.5” width hexagonal cover 
labeled “HW” or “Hot Water” 

ii. Wrench extension to within 2’ of surface 

F. Anchors: Concrete Anchor poured around piping with welded steel anchor plate.  

a. Anchors shall be located as needed based on thermal analysis of piping by engineer 
during design. 

G. Building Connection: extend steel piping into building to allow welded steel connection 
within building. 

8. Insulation Requirements 

A. Insulation should provide minimum 90% efficiency.  

B. The following methods of insulation are approved methods: 

a. Pre-insulated piping with Polyurethane Foam and HDPE outer jacket 

i. Factory applied closed-cell polyurethane foam with minimum 1” thickness. 
ii. Provide HDPE outer casing over insulation 
iii. Provide end seal over the end of each length of piping.  
iv. Design Basis:  

a) Thermacor Process: Ferro-Therm 
b) PermaPipe – Xtru-Therm 

b. Field-insulation in trench with Polyurethane Foam 

i. Only to be used with Ductile Iron or PP-RCT piping installations. 
ii. Spray insulation directly to pipes within distribution trench with minimum 1” 

thickness.  
iii. Ensure pipes are supported above trench base to allow for required insulation on 

the underside of the piping. 

9. Flushing and Cleaning Requirements 

A. Contractor must provide a flushing plan for approval by Engineer and Duke FMD. 
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a. See Design Guideline 23 25 00 – HVAC Water Treatment, Flushing and Cleaning for 
Cleaning and Flushing Procedures. 

10. Installation Requirements 

A. Duke University is registered with the State of North Carolina’s “One-Call System.” All 
contractors, prior to excavation on any University project, shall contact North Carolina 
One-Call System at 800-632-4949. 

B. Buried piping systems shall withstand HS-20 highway loading with no less than 3 feet of 
compacted backfill over top of conduit.  

11. Performance Testing Requirements 

A. Visual Inspections 

a. All direct buried piping should be inspected by the contractor, the engineer and any 
Duke staff who wish to inspect. Construction schedules should be clear to facilitate 
inspections of installations. 

B. Ductile Iron Joint Inspections: 

a. All push-on or restrained joints shall have the opportunity to be inspected by the 
Engineer and Duke FMD. Joints will be inspected for proper insertion and/or proper 
bolting.  

C. Steel Piping Weld Testing:  

a. Welds shall be tested 100%, by means of radiograph by an approved third-party 
testing agency.  Welds shall be inspected in accordance with ASME B31.9 Building 
Service Piping code requirements.  Each system shall be tested independently.  

b. If any welds are found to be defective, the weld must be cut out and re-welded.  
Repair of defective welds by adding weld material over the defect, or by peening 
shall not be permitted.  Welders responsible for the defective welds shall be re-
qualified before performing additional welding on the job.  Any failed weld shall be 
retested by radiograph at the contractor’s expense. 

c. For any welding failures, 10% of remaining welds must be tested and pass.  
Additional testing will be at the contractor’s expense. 

i. Example: Hot water system has 50 welds, of which 5 welds would be tested.  
One weld fails testing.  The failed weld would be reworked and retested.  The 
remaining 45 welds would be tested at 10%.  An additional 5 welds would need 
to be tested and pass before the testing procedure would be complete.  If 
another weld failed, the process repeats until 10% of remaining welds pass. 

D. PP-RCT Fusion Joint Testing: 

a. All fusion joints shall have the opportunity to be inspected by the Engineer and Duke 
FMD. Joints will be inspected for proper fusion and contact. 

E. Hydrostatic Testing: 

a. Hydrostatic testing is required on all distribution piping systems at minimum 1-1/2 
times working pressure for 2 hours.   
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b. Tests should be witnessed by Engineer. Duke FMD and Engineer should be notified 
of all pressure tests a minimum of 7 days in advance. 

c. Typical testing pressure for Heating Water: 200 psig 

d. Coordinate with Duke FMD if test pressures exceed typical pressures. 

e. PP-RCT hydrostatic testing provisions: 

i. When testing PPR-RCT piping the temperature of the water at the pump should 
be monitored and not allowed to exceed 100°F as the pipe pressure rating 
decreases with temperature.  

ii. The section of piping being tested shall be filled with water and pressurized to 
the specified test pressure. The pressure shall be maintained for 2 hours, then 
reduced by 10% and observed for one hour to assure the pressure remains 
essentially constant (within 5% variation) to achieve an acceptable test. 
Reducing the test pressure suspends expansion of the PP-RCT piping, allowing 
a leak-free PP-RCT system to maintain a steady test pressure.  

12. Installation and Performance Requirements 

A. Duke University is registered with the State of North Carolina’s “One-Call System.” All 
contractors, prior to excavation on any University project, shall contact North Carolina 
One-Call System at 800-632-4949. 

B. Buried piping systems shall withstand HS-20 highway loading with no less than 3 feet of 
compacted backfill over top of conduit.  

C. Ensure all ductile iron push-on joints are correctly seated into gasket to allow for normal 
growth and deflection. 

13. Buried Warning and Identification Tape Requirements 

A. Provide detectable aluminum foil plastic backed tape or detectable magnetic plastic tape 
manufactured specifically for warning and identification of buried piping. Tape shall be 
detectable by an electronic detection instrument. Provide tape in rolls, 3 inches minimum 
width, color coded for the utility involved with warning and identification imprinted in bold 
black letters continuously and repeatedly over entire tape length. Warning and 
identification shall read “CAUTION BURIED PREINSULATED WATER PIPING BELOW” 
or similar wording. Use permanent code and letter coloring unaffected by moisture and 
other substances contained in trench backfill material. Locate tape outside of bedding 
material of pipe. 


