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Objective:

The objective of this paper is to
identify those special design
attributes to be considered when
proposing the use of HDPE piping to
replace carbon steel piping in nuclear
safety related buried piping
applications.
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Background:

¢ Recognized resistance of high density
polyethylene (HDPE) piping material against
galvanic corrosion, microbiological induced
corrosion (MIC), and fouling compared to carbon
steel

¢ Replacement of carbon steel piping with HDPE in
ASME Section III safety related class 3 buried
piping applications (Service water)

¢ ASME prepared a Section III Code Case N-755 to

address the use of polyethylene piping in Section
III, Division 1, Class 3 buried piping systems




PVP2009-77747

Background, Cont.:

¢ Some unique challenges requiring special
design considerations due to HDPE's visco-
elastic nature, need for relatively thicker
pipe walls, very low material allowable

stress, poor thermal conductivity & large
coefficient of thermal expansion

¢ A need for relatively thick pipe walls
associated with polyethylene piping

¢ Substantial differences in physical and
mechanical properties compared to steel

slfellgle
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Internal Design ~170 psig (=1.17 MPa) | #170 (=1.17 MPa)
Pressure

Temperature 175° F (79.4° C) 175° F (79.4° C)

Typical Pipe <30 in (<762 mm) <36in (=914 mm)
Diameters

Typical wall 0.375in (9.5 mm) <4.0in (£102 mm)
thickness
Mean ~ 80 8.5

;:Iéi]i]ilz)weter/thickness (Thin wall >20) (Thick wall < 20)

Density 0.283 Ib/in3 (7833 0.035 Ib/in3 (969
Kg/m3) Kg/m3
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Modulus of Elasticity
(E)

27.9 x 10° psi
(1.92 x 10> MPa)

2.8 x 104 psi
(193 MPa)

Poisson’s Ratio (v)

0.3

0.4 to 0.45

Coefficient of
Thermal
Expansion (a)

6.5 x 10 /oF
(1.17 x 105 /°C)

6 x 10> /°F
(1.08 x 104 /°C)

Thermal
Conductivity (K)

26 BTU/hr-ft- °F
(38.7 Kcal/hr-m-°C)

~ 0.25 BTU/hr-ft- °F
(0.37 Kcal/hr-m- °C )

Allowable Stress

15000 psi (103.4
MPa)

~ 350 (2.41 MPa)
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Design Considerations in Safety Related
Applications:

Internal Pressure Design

Consideration of Thermal Gradient Stress

External Pressure Stress

Design Factor

Loads of Different Duration

Consideration of axial stress

Other considerations

Stress analysis of the buried pipe includes
stresses from dead weight, pressure, thermal
expansion, seismic wave passage, seismic soil
movement, anchor motions, earth and surcharge
loads, pressure spike loads, etc.

Design and service loadings from service levels A,
B, C, and D

4
4
4
4
4
4
4
4
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Internal Pressure Design:

Recommend to use thick wall formula for PE pipe
for the required wall thickness (D/t << 20)

(a,b: outside and inside radii of the pipe, resp.)

Thin wall based tmin | Thick wall based t, i,

0D- (PiD,)/ (25 +Pi) |a + V [a2- {2.

controlled P|a2/(S+P|)}]

(Note: use - for £ in quadratic
root)

controtied | (P D)/ (2S -Py) -b + vV [b2 + {2.
Pi.b%/(S-Pi)}]

(Note: use + for * in quadratic
root)




Thermal Gradient Stress:

¢ Compared to thin wall steel pipe, HDPE
has Significant Thermal Gradient Stress
due to

- Low thermal Conductivity

— Large thermal expansion Coefficient
— Large wall thickness




Thermal Gradient Stress, Cont.:

¢ Thermal gradient stress in longitudinal &
circumferential directions is oy

¢ Recommend to use thick wall formula for
HDPE (D/t << 20)

Thin wall based, | Thjck wall based, Otg

Oiq

Ea (Ti-To )./ |[{Ea(Ti-To )/ [2(1- |WhenTi>To
[2(1- V)] v) In(@/b)I3{1-  |Geieat
[2a%In(a/b)/(a%-b)]}

{Ea(Ti - To )/ [2(1- [WhenTiz=>To
S stinner
[2b%In(a/b)/(a%-b?) ]} surface)
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External Pressure Stress:

Recommend to use thick wall formula for PE
pipe (D/t << 20)

Compressive |P_, D_/(2.t) |P,. 2 a%/(a%-b?)
stress in
circumferential

direction
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Design Factor (DF):
[To establish allowable stress for HDPE]

¢ Recommend a Value for design factor of 0.5 or
factor of safety of 2 to establish reasonable
assurance for providing adequate safety margin

¢ DF of 0.5 for PE piping in potable water
applications in North America has proved to be
successful for over 40 years

¢ DF to capture a broad spectrum of uncertainties
e resin variation

e extrusion and processing variables in the
production of PE piping

e handling during storage
e shipping and installation
e application temperatures
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Design Factor, Cont.:

e Application temperatures

e Joining and bending methods

e Various soil conditions

e Typical installation methods

e Dynamic loading, surges and water hammer

e Higher temperatures (up to 175° F) and higher
pressures (up to 170 psig), with a need for
large diameter and heavy wall thickness
piping, compared with traditional non-safety
related cold water applications.

e New or improved grades or cell classifications
are emerging (limited experience)

e Other unknown factors
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Contribution from Axial Force:

¢ Axial stress due to axial force is
significant compared to bending
stresses

¢ In polyethylene piping, the
longitudinal stress due to axial force
is significant and needs to be
considered since the allowable stress
is relatively low.
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Loads of Different Duration:

¢ The behavior of HDPE materials is affected
by the loads of different duration as the
allowable stress is strongly influenced by

temperature and time duration

¢ The cumulative effect from loads of
different duration needs to be accounted
for either conservatively or through the
application of an equivalent Miner’s rule
type approach
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Other Considerations:

¢ On-going research and testing programs to
establish properties such as long term creep life,
fatigue properties, effect of aging

¢ Butt fusion joint integrity

¢ NDE methods to detect flaws still evolving

¢ Very little experience on the use of HDPE in
nuclear safety related applications

¢ Conventional testing methods to determine
properties such as slow crack growth (SCG)
resistance are inadequate, and new
methodologies for testing are still evolving.
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Conclusions and Recommendations for HDPE Piping
in Nuclear Safety Related Buried Piping
Applications:

Use of design factor not higher than 0.5

Use of thick wall vessel formulas for internal
pressure design

Use of thick wall vessel formulas for stress
computation due to external pressure

Inclusion of range of thermal gradient stress
in thermal expansion and contraction
evaluation

Evaluation for cumulative effects for loads of
different duration

Special design considerations are
recommended for updating ASME CC N-755

18
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