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1. ASME Code Component(s) Affected

ASME Class 3 buried piping.

2. Applicable Code Edition and Addenda

ASME Boiler and Pressure Vessel Code, Section XI, 1998 Edition through 2000
Addenda.

3. Applicable Code Requirement

IWA-4221 (b) requires that "An item to be used for repair/replacement activities shall
meet the Construction Code specified in accordance with (1), (2), or (3) below", and
IWA-4221 (b)(1) requires that "When replacing an existing item, the new item shall meet
the Construction Code to which the original item was constructed."

4. Reason for Request

The Construction Code of record for buried ASME Class 3 piping is the ASME Boiler
and Pressure Vessel Code, Section III, Subsection ND, 1974 Edition including Summer
1974 Addendum. This Construction Code and later editions and addenda of this
Construction Code do not provide rules for the design, fabrication, installation,
examination, and testing of piping constructed using polyethylene material.

This request is being submitted to allow replacement of steel piping with polyethylene
material.

5. Proposed Alternative and Basis for Use

Pursuant to 10 CFR 50.55a(a)(3)(i), in lieu of the requirement of Section XI IWA-
4221 (b)(1), this alternative to the original Construction Code provides an acceptable
level of quality and safety for repair/replacement activities for ASME Class 3 buried
piping.

Description of Proposed Alternative

The attachment, "Requirements for Polyethylene Piping" provides the rules to be used in
lieu of the original Construction Code for the design, fabrication, installation,
examination, and testing of polyethylene piping.
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Basis for Use of Proposed Alternative

Both corrosion and fouling problems have occurred in raw water piping at Catawba
Nuclear Station. The raw water systems were originally designed using carbon steel
material with no internal coating or lining. Polyethylene piping offers advantages in
corrosion protection over a design where corrosion protection of the system is provided
by a coating or liner. Polyethylene piping is not adversely affected by imperfections or
minor damage, compared to coated or lined piping where breaks in the coating or lining
result in piping degradation. Portions of piping in these systems have been replaced
with corrosion resistant steel and this material has experienced accelerated
microbiological attack and pinhole leaks during service. In contrast, about 20,000 linear
feet of the Catawba non-safety related service water system piping (both above and
below ground) has been replaced with polyethylene piping designed in accordance with
the ASME B3 1.1 Power Piping Code. Replacement of non-safety related steel piping
with polyethylene piping began in 1998 and this material has performed well with
excellent service history.

The primary advantage in using polyethylene pipe versus other carbon steel pipe
materials is its resistance to fouling, corrosion, and microbiologically induced
corrosion (MIC). The resistance of polyethylene pipe to corrosion and fouling
(tubercle formation and MIC) ensures long term reliability from a structural integrity
and flow standpoint.

The 20,000 linear feet of polyethylene piping in service in the Catawba non-safety
related service water system in sizes up to 32 inches NPS has demonstrated the
acceptability of polyethylene material for this service. Specific categories are
addressed as follows:

Materials
Based on Catawba experience, polyethylene piping does not experience fouling or
corrosion and is not susceptible to galvanic attack, since polyethylene is an electrical
insulating material. By comparison, installed metallic service water piping at Catawba
Nuclear Station has experienced severe fouling and significant internal and external
corrosion. Polyethylene piping also is not susceptible to localized degradation from
microbiological attack, which has occurred frequently with some corrosion resistant
steel alloys.

Design
The same design criteria are used for polyethylene piping and the original steel piping.
Polyethylene piping and the original steel piping are qualified for identical loading
conditions (e.g., pressure, temperature, seismic).
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Fabrication and Installation
The performance of the butt fusion joints made in accordance with industry standards
for the 20,000 linear feet of piping in the Catawba non-safety service water system
demonstrates the acceptability of this method of pipe joining. The fusion operators shall
receive additional training and be qualified by the polyethylene industry fusion
equipment manufacturer. The fusion operators shall make all joints in accordance with a
qualified procedure. A data recorder shall record parameters during the joining process
and this record shall be retained.

Examination
VT-I visual examinations are required for all fused joints. VT-2 examinations shall be
performed during hydrostatic testing for all fused joints.

Testing
All polyethylene piping shall receive a hydrostatic pressure test and VT-2 examination
prior to return to service.

Overpressure Protection
The polyethylene piping has the same overpressure protection as the original steel
piping.

Additional Supporting Information
A limited amount of polyethylene piping was installed in above-ground, safety related,
ASME Section III Class 3 service water piping at British Energy's Sizewell B Plant in
mid 2005 and has performed well in service.

Also at Catawba Nuclear Station, the Low Pressure Service Water (RL) system supplies
cooling water to the Containment Chilled Water (YV) system chiller condensers. Prior
to replacing the carbon steel piping with polyethylene, monitoring of the RL flow
control valve positions and YV condenser pressures showed the valves to be fully open
during the summer months and condenser pressures trending up to 150 psig (a few psi
away from the trip setpoint). After replacing this pipe with polyethylene and operating
for at least two cycles, the control valves have been operating at less than 50 percent
open and condenser pressures have been running around 125 psig during the summer
months. Polyethylene material used for this application ensures long term reliability and
trouble free system operation. (See attached pictures.)

Conclusion
The use of polyethylene piping will result in improved system performance and
enhanced system reliability. Based on the information provided in this request, the
proposed alternative will provide an acceptable level of quality and safety.
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6. Duration of Proposed Alternative

Use of the proposed alternative is requested for the third ten-year inservice inspection
interval for Catawba Units 1 and 2 during which the ASME Boiler and Pressure Vessel
Code, Section XI, 1998 Edition with the 1999 and 2000 Addenda is used for
repair/replacement activities.

The Unit 1 third ten-year inservice inspection interval is currently scheduled to end on
June 29, 2015. The Unit 2 third ten-year inservice inspection interval is currently
scheduled to end on August 19, 2016.

Six inch NPS polyethylene pipe in service for over 4 years in Catawba raw water service to
the main generator hydrogen coolers pictured below.lr- - _
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Six inch NPS steel pipe in service since plant startup in Catawba raw water service to the
main generator hydrogen coolers pictured below.

0

Six inch NPS steel pipe in service for six months in Catawba raw water service to the main
generator hydrogen coolers pictured below.
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Side by side comparison of all three pipe sections in service in Catawba raw water servic
the main enerator drogen coolers pictured below.

0

e to
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Duke Power Company LLC
Catawba Nuclear Station Units 1 and 2

Alternative Construction Code for Class 3 Buried Piping

(a) Requirements for the design, procurement, fabrication, testing and installation are addressed
in this section of the request for use of Polyethylene Material. All metallic components that
interface with the PE material shall meet the requirements of ASME III subsection ND,
Class 3 construction.

(b) Duke Power Company LLC intends to use this alternate material for a Section XI
Repair/Replacement of Class 3 buried water piping.

(c) Duke Power Company LLC first application for this relief request will be ASME Class 3
Nuclear Service Water System buried piping between (1) the main supply header and the
emergency diesel jacket water coolers and (2) the emergency diesel jacket water coolers and
the main discharge header.

(d) All references to the ASME Boiler and Pressure Vessel Code Sections III and XI are to the
1998 edition with addenda through 2000 except as noted.

(e) The requirements of NCA- 1000 through NCA-8000, and ND- 1000 of ASME Section III
shall apply except as modified by this Relief Request, subject to the limitation imposed by
10 CFR 50.55a(b)(1)(v) and as follows

a. The requirements ofNCA-4131 and NCA 4133 do not apply to material
organizations supplying polyethylene material.

b. The requirements of NCA-3000 do not apply except as specified in -7110.

(f) The requirements for Materials in ASME Section III ND-2000 shall apply except as
modified by this Relief Request.

(g) The requirements for Design in ASME Section III ND-3000 shall apply except as modified
by this Relief Request. ND-3600 of the ASME Boiler and Pressure Vessel Code 1989
Edition shall be used to comply with the limitation imposed by 10 CFR 50.55 a (b) (1) (iii).
References within ND-3600 to other paragraphs of the ASME BPVC shall be to the 1989
Edition.

(h) The requirements for Fabrication and Installation in ASME Section III ND-4000 shall apply
except as modified by this Relief Request.

(i) The requirements for Examination in ASME Section III ND-5000 shall apply except as
modified by this Relief Request.

(I) The requirements for Testing in ASME Section III ND-6000 shall apply except as modified
by this Relief Request.
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(k) The requirements for Over Pressure Protection in ASME Section III ND-7000 shall apply
except as modified by this Relief Request.

(1) The requirements for Nameplate, Stamping and Reports in ASME Section III NCA-8000
shall apply except as modified by this Relief Request.
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Repair/replacement Activity by Duke Power Company LLC

a) This Relief Request shall be used for a Section XI Repair/Replacement Activity provided the
requirements in this Relief Request are met. The following additional requirement is imposed:

A Repair Organization shall not be used by Duke Power Company LLC to perform work in
accordance with this Relief Request, unless the Repair Organization is a Certificate Holder.

b) Duke Power Company LLC shall assume the responsibilities of the Certificate Holder, except as

follows;

1) The requirements for Quality Assurance Program required by -1400 b),

2) the requirements for NDE personnel qualification required by -5430,

3) the requirements for pressure testing required by -6300,

4) the requirements for Stamping required by -8110 b), and

5) use of this Relief Request shall be identified on the NIS-2 report form.
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-1000 GENERAL REQUIREMENTS
-1100 SCOPE

(a) This Relief Request applies to the Catawba Nuclear Station ASME Section III Class 3
buried, piping systems. Maximum design conditions for this piping are 150 psig and 140 TF.
Connections between steel piping and PE piping will be made by flange joints that will be in
an enclosure buried below grade.

(b) Terms relating to polyethylene as used in this Relief Request are defined in Supplement 1
and shall govern.

-1200 CLASSIFICATION OF COMPONENTS AND SUPPORTS

The requirements for Classifications of Components and Supports in accordance with this Relief
Request shall be as given in ASME Section III Article NCA-2000.

-1300 RESPONSIBILITIES AND DUTIES

(a) The requirements for Responsibilities and Duties for components constructed in accordance
with this Relief Request shall be as specified in -1300(b). This Relief Request shall be used
for a Section XI activity and these responsibilities and duties are assumed by Duke Power
Company LLC.

(b) PE material shall be procured from a qualified Appendix B supplier as follows;

1) Duke Power Company LLC has performed a survey/audit of the Nonmetallic
Material Manufacturer.

a) The survey/audit of the Nonmetallic Material Manufacturer has established
the following;

1. verification process for constituent material chemistry, and
2. The Quality Assurance Program meets 1OCFR50, Appendix B

b) The survey/audit of the Nonmetallic Material Constituent Supplier was
determined not to be needed as the Nonmetallic Material Manufacturer
verifies constituent material chemistry at receipt and during manufacturing.

c) Duke Power Company LLC completion of the survey/audits allows the
Nonmetallic Material Manufacturer to supply material to Duke Power
Company LLC for a period of three years. After the three year period an
audit shall be performed to assure continued program maintenance.

2) Duke Power Company LLC accepts the following responsibilities for procurement
of PE piping.

a) Duke Power Company LLC is responsible for installation of the PE pipe
and shall assure that the material meets the requirements of the
Construction Specification.
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b) Duke Power Company LLC shall perform any of the functions required by
their respective Quality Assurance Program that are not performed by the
Nonmetallic Manufacturer.

c) Duke Power Company LLC shall make all necessary provisions so that his
Authorized Nuclear Inservice Inspector can make the inspections
necessary to comply with this Relief Request.

-1400 QUALITY ASSURANCE PROGRAM

Duke Power Company LLC will use the Quality Assurance Program documented in the Duke
Power Company LLC Section XI Program for use of PE material addressed by this Relief Request.

-1500 AUTHORIZED INSPECTION

The requirements for Authorized Inspection in accordance with this Relief Request shall be as given
in Section III Article NCA-5000 with the following exceptions:

(a) Replace the word weld(s) with fused joint(s),

(b) Replace the word welder(s) with fusor(s), and

(c) Replace the word welding operator(s) with fusing machine operator(s).

(d) Replace the word welder(s) withlfusor(s).
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D -2000 MATERIALS

-2100 GENERAL REQUIREMENTS FOR MATERIALS

-2110 Scope

a) All piping materials other than polyethylene (PE) shall be procured using the requirements of
ASME Subsection ND.

b). The scope of this paragraph pertains to the procurement and qualification of PE material.

1) PE material shall be selected from approved ASTM standards listed in Supplement 2 and
shall have material properties not less than those for cell classification 345464C per ASTM
D 3350-05. The actual material will be specified and purchased by the ASTM D 3350-05
cell classification. Polyethylene material with cell classification 345464C has been in use at
the Catawba Plant in both buried and above-ground non-safety service water applications
and has demonstrated excellent performance. The Catawba Plant staff has extensive
experience in the use of polyethylene piping material.

2) Only PE pipe and fittings using Carbon Black pigment shall be used.

-2200 PE Procurement Supply Chain

a) When the Quality System surveys/audits required by -1300 have been completed, the suppliers
will be qualified by Duke Power Company LLC. Duke Power Company LLC has completed a
survey(s) or audit(s) for the Nonmetallic Material Manufacturer. (Audit of the Nonmetallic
Material Constituent Manufacturer is not required due to the strength of the Nonmetallic Material
Manufacturers quality program in the area of control and verification of constituent material).
The Nonmetallic Material Manufacturer of the PE Fittings will be qualified in accordance with the
provisions listed in this Relief Request.

b) Certification of PE Material - All pressure retaining PE material used in construction of
components shall be supplied with a certified certificate of analysis for batch (CCAB) or product
quality certification (PQC). These documents shall include all the results of analysis and
production tests performed on the PE material.

1) Nonmetallic Material Constituent Supplier - As used in this Relief Request, the
Nonmetallic Material Constituent Supplier is the organization which manufactures and
certifies the base PE material pellets in compliance with requirements of this Relief
Request.

2) Nonmetallic Material Manufacturer - As used in this Relief Request, the Nonmetallic
Material Manufacturer is the organization which manufactures, and certifies PE
components in compliance with the requirements presented in this Relief Request. The
Nonmetallic Material Manufacturer shall perform or shall supervise and directly control
one or more of the operations which affect the PE material properties to meet the

hrequirements of the basic material specification, and shall verify the satisfactory
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completion of all other requirements performed by other organizations prior to his
certification.

3) Nonmetallic Material Supplier - As used in this Relief Request, the Nonmetallic Material
Supplier is an organization which supplies products of Nonmetallic Material Manufacturer
but does not perform any operations which affect the PE materials properties required by
the basic material specification.

-2240 Required Documents

The following documentation will be furnished for the materials installed under provisions of this
relief request:

a) Nonmetallic Material constituent Supplier - Certified Certificate of Analysis for Batch or Product
Quality Certification shall include cell classification, physical property test results, and melt index
temperature when required by Duke Power Company LLC approved Nonmetallic Material
Manufacturer program that relies on audits and certification.

b) Nonmetallic Material Manufacturer - Certified Certificate of Analysis for Batch or Product
Quality Certification shall include cell classification, physical property test results (includes all
insitu and final tests), melt index temperature, mechanical property test results, and shall certify that
the product was made from virgin pellets (no scrap or regrind material). The product form shall be
permanently marked.

-2300 PRODUCT FORM

2310 PIPE

a) Polyethylene material used in the manufacture of pipe shall be qualified in accordance with -
2100.

b) Pressure rating of polyethylene pipe shall comply with the specification list in Supplement 2
(conforming to ASTM D 3350).

-2320 Mitered Elbows

a) Polyethylene material used in the fabrication of mitered elbows shall be qualified in accordance
with -2100.

b) All fusing processes used in the fabrication of the mitered elbow shall meet the requirements of
Supplement 9.

c) The configuration of the mitered elbow shall meet the requirements of -3022.4 and shall be
marked in accordance with -2800.
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-2330 Polyethylene Flanges

1) Pressure rating of polyethylene pipe flanges shall comply with the specifications listed
in Supplement 2. The pressure rating of fittings shall be equal to or greater than the
attached straight pipe.

2) Polyethylene material used in the fabrication of the flanges shall be qualified in
accordance with -2100.

3) The steel backing ring for the polyethylene flange shall comply with requirements of
Section III paragraph ND-3647 except that the inside diameter of the backing ring will
be manufactured to match the polyethylene flange stub outside diameter.

-2500 DETERIORATION OF MATERIALS IN SERVICE

It is Duke Power Company LLC's responsibility to select materials suitable for the conditions
stated in the Design specifications with specific attention being given to the effects of service
conditions on the properties of the materials. Polyethylene piping material has been unaffected
by exposure to service water conditions at Catawba.

-2600 QUALIFICATION OF MATERIALS

Upon satisfactory review of the required documentation supplied by -2240, the PE fittings and
pipe material shall be considered qualified for installation.

-2800 MATERIAL IDENTIFICATION

a) PE material shall be marked in accordance with the marking requirements of ASTM-3350
as applicable.

b) The PE material shall be marked for identification purposes using a permanent marker or
stencil marker.

-2900 EXAMINATION AND REPAIR OF MATERIAL

-2910 Examination

a) All PE material external surfaces shall be given a visual examination. Any indentation more
than 10% of the wall thickness shall be unacceptable.

b) Personnel performing the examination shall be qualified in accordance with -5000 of this
Relief Request.
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S -2920 Repair of Material

No repairs are permitted on any components constructed from PE material. Any damaged section
of pipe shall be physically removed.

0
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-3000 GENERAL DESIGN

-3001 Scope

The design rules used apply to PE in piping systems consisting of straight pipe, mitered bends,
fusion joints, and flanged connections that are buried.

-3010 Nomenclature

A = cross section area of pipe, in2

Bd = trench width, ft
B' = burial factor
c = the sum of mechanical allowances and erosion allowance, in
D = pipe outside diameter, in
Davg = average pipe diameter in accordance with ASTM F-714
DR = dimension ratio of pipe = mean diameter divided by the minimum fabricated wall thickness =

Davg / t fab min

Epipe = modulus of elasticity of pipe, psi, Table 3031-3
E' = modulus of soil reaction, psi
E'N = modulus of soil reaction of native soil around trench, psi
Fa = axial force due to the specified Level A, B, C, or D applied mechanical loads, lb
Fac = axial force range due thermal expansion and/or the restraint of free end displacement, lb
FaD = axial force due to the non repeated anchor motion, lb
FaE = axial force range due to the combined effects of seismic wave passage, permanent seismic soil
movement, and building seismic anchor motion effects, lb
Fb = upward force per unit length, lb/ft
Fs = soil support factor, Table 3031-2
fo = ovality correction factor, Table 3033.2-1
H = height of ground cover, ft
Hw = height of water table above pipe, ft
K = bedding factor = 0.1
L = deflection lag factor, 1.25 to 1.50, or 1.0 if using the soil prism pressure
i = stress intensification factor, Table 3042.2-1
M = resultant moment due to the specified Level A, B, C, or D applied mechanical loads, in-lb
Mc = resultant moment range due thermal expansion and/or the restraint of free end displacement,
in-lb
MD = resultant moment due to the non repeated anchor motion, in-lb
ME = resultant moment range due to the combined effects of seismic wave passage, permanent
seismic soil movement, and building seismic anchor motion effects, in-lb
P = internal design gage pressure at the specified design temperature, psi
PE = vertical soil pressure due to earth loads, lb/ft2

Phydro = external pressure, equal to earth plus groundwater pressure plus surface load, psi
PL = vertical soil pressure due to surface loads, lb/ft2

R = buoyancy reduction factor
S = design stress, psi, Table 3021-1
t = nominal pipe wall thickness, in
tdesign = minimum required wall thickness, in
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. t fab min = minimum thickness in accordance with ASTM F-714
tmin = pressure design thickness, in
Wc = weight of contents (equals 0 when empty), lb/ft
Wp = weight of pipe per unit length, lb/ft (exclude weight of contained liquid to represent the worst
case of an empty pipe)
W, = weight of water displaced by pipe, per unit length, lb/ft

a = coefficient of thermal expansion, 1/°F
AP = differential pressure due to negative internal pressure, psi
AT = Twater - Tground

ATeq = equivalent temperature rise, deg.F
csoij = maximum soil strain due to seismic wave passage
v = Poisson ratio (0.35 for short term loads to 0.45 for long term loads)

Psaturated = density of saturated soil, lb/ft3

Pdry = density of dry soil, lb/ft3

Cys = circumferential compressive stress in the sidewalls, psi
Q = ring deflection

Qýmax = maximum allowable ring deflection, Table

-3012 Design Life

(a) The piping addressed by this Relief Request shall be designed for a service of 50 years.

(b) The time at load shall be specified for each load case, and the PE pipe physical and mechanical
properties shall be consistent with the time at load.

-3016 Design and Service Loading

Design loads shall be as defined in ND-3112.1 through 3112.3. Loads applied to buried PE pipe
shall be defined in the Design Specification, and shall include, as a minimum, the following:

(a) Maximum and minimum internal pressure P for pressure design in accordance with paragraphs -
3021 and -3022.

(b) Maximum and minimum temperature T, for the selection of allowable stress (Tables 3021-1 and
Table -3035-3) and design for temperature effects in accordance with paragraph -3040.

(c) The stress limits for the loads resulting from the maximum flow velocity, v, shall be as provided
in paragraph 3021.2

(d) Vertical soil pressure PE, including saturated soil, buoyancy and flotation, for the designs in
accordance with paragraph 3030.

(e) Vertical pressure due to surface loads PL for the design in accordance with paragraph 3030.

* (f) Permanent ground movement, soil settlement, for design as non-repeated anchor movements in
accordance with paragraphs 3030 and 3043.
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O (g) Seismic wave passage and, permanent seismic soil movement and building anchor motions, for
seismic design in accordance with paragraph 3050.

(h) Ground movement caused by thermal expansion and contraction in accordance with paragraph
3042.

-3021 Pressure Design of Pipe

-3021.1 Minimum Required Wall Thickness. The minimum required wall thickness of straight
sections of pipe for pressure design shall be determined by

tdesign = tmin + C

tdesign = minimum required wall thickness, in
tmin = maximum pressure design thickness, in
c = the sum of mechanical allowances and erosion allowance, in

tmin = P D / (2S + P)

tmin = pressure design thickness, in
P = Piping system internal Design Pressure (gage) at the specified Design Temperature, both being
specified in the Piping Design Specification. This pressure does not include the consideration of
pressure surge, psi. D = pipe outside diameter, in
S Design Stress, psi, per Table 302 1-1

Table 3021-1 Design Stress S for PE (psi)
Temperature Load Duration (years)

(OF) 50 yrs

<70 800
100 620
120 520
140 400

-3021.2 Allowable Service Level Surge Pressures. The sum of the maximum anticipated operating
pressure plus the maximum anticipated Level B pressure surge shall be no greater than 1.5 times the
piping system Design Pressure (see paragraph 3021.1). The sum of the maximum anticipated
operating pressure plus the maximum anticipated Level C and D pressure surge shall be no greater
than 2 times the piping system Design Pressure (see paragraph 3021.1).

-3022 Pressure Design of Joints and Fittings

-3022.1 Polyethylene pipe shall be joined using the butt fusion process. All connections to metallic
All, piping shall be flanged joints.
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-3022.2 Pressure rating of polyethylene pipe fittings shall comply with the specifications listed in
Supplement 2. The pressure rating of fittings shall be equal to or greater than the attached straight
pipe.

-3022.3 Flanged connections shall include a metallic backing ring and shall provide a leak tight joint
up to a pressure that would cause permanent deformation of the pipe.

-3022.4 Miter bends shall comply with the requirements of ND-3644, except that butt
fusion joints shall be made in accordance with this Relief Request, in lieu of ND - 3644(d)
and ND - 3644(e). In addition, the miter bend shall be one dimension ratio (DR) lower
than that of the attached straight pipe. Miter bends shall not exceed 22.5 deg per segment.

-3030 Soil and Surface Loads

-3031 Ring Deflection. The soil and surface loads on a buried PE pipe shall not cause the pipe
diameter to deflect (ring deflection Q) beyond a limit Qmax where

1 KxLxPE+KXPL •2max

144 2E~ipe x( 1 3 + 0.061 x Fs x E'
3 (DR -l)

where

PE = Psaturated X HW + Pdy x (H - HW)

Q = ring deflection
Qmax = maximum allowable ring deflection, Table 3031-1
K = bedding factor = 0.1
L = deflection lag factor, 1.25 to 1.50, or 1.0 if using the soil prism pressure
PE = vertical soil pressure due to earth loads, lb/ft2

PL = vertical soil pressure due to surface loads, lb/ft2

Epipe = apparent modulus of elasticity of pipe at 50 years, psi
DR = dimension ratio of pipe
D = pipe outside diameter, in
t = nominal pipe wall thickness, in
Fs = soil support factor, Table 3031-2
E' = modulus of soil reaction, psi
E'N = modulus of soil reaction of native soil around trench, psi
Bd = trench width, ft

Psatftrated = density of saturated soil, lb/ft3

Pda = density of dry soil, lb/ft3

H = height of ground cover, ft
Hw = height of water table above pipe, ft
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Table3031-1 Maximum Allowable % Ovality(1)

DR Qmax (%)

13.5 6.0
11 5.0
9 4.0

7.3 3.0
(1)Per Plastic Pipe Institute Handbook

Table 3031-2 Soil Support Factor Fs(I)

E'N/E' Bd/D
1.5 2.0 2.5 3.0 4.0 5.0

0.1 0.15 0.30 0.60 0.80 0.90 1.00
0.2 0.30 0.45 0.70 0.85 0.92 1.00
0.4 0.50 0.60 0.80 0.90 0.95 1.00
0.6 0.70 0.80 0.90 0.95 1.00 1.00
0.8 0.85 0.90 0.95 0.98 1.00 1.00
1.0 1.00 1.00 1.00 1.00 1.00 1.00
1.5 1.30 1.15 1.10 1.05 1.00 1.00
2.0 1.50 1.30 1.15 1.10 1.05 1.00
3.0 1.75 1.45 1.30 1.20 1.08 1.00
5.0 2.00 1.60 1.40 1.25 1.10 1.00

ý')Per Howard, A.K., "Pipeline Installation," Copyright, Relativity Printing,
Lakewood, CA 1966

Table 3031-3 Modulus of Elasticity of PE Pipe (ksi)(1)
Load Temperature (OF)

Duration <73 °F 100 OF 120 OF 140 °F

<10h 110 100 65 50
10h 58 47 31 24

100h 51 42 27 21
1000 h 44 36 23 18

1 y 38 31 20 16
10y 32 26 17 13
50 y 28 23 15 12

"'Typical values based on ASTM D638 testing of molded plaque
material specimens.
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* -3032 Compression of Sidewalls. The circumferential compressive stress in the sidewalls csw due to
soil and surface loads shall not exceed 1000 psi

_ (PE +PL)xDR <100psi
2SW 2x144

cyw = circumferential compressive stress in the sidewalls of pipe and miters, psi
PE = vertical soil pressure due to earth loads, lb/ft2

PL = vertical soil pressure due to surface loads, lb/ft2

DR = dimension ratio of pipe

-3033 External Pressure.

-3033.1 Buckling Due to External Pressure. External pressure from ground water, earth loads, and
surface loads on a buried PE pipe shall not cause the pipe to buckle.

(PE + PL + Pgw) / 144 •< 2.8 [R x B' x E' x Epipe / 12 (DR - 1)3]1/2

PE = vertical soil pressure due to earth loads, lb/ft2

PL = vertical soil pressure due to surface loads, lb/ft2

Pgw = pressure due to ground water, lb/ft2

R = buoyancy reduction factor
Epipe = modulus of elasticity of pipe, psi
E' = soil modulus, psi
DR = dimension ratio of pipe
B' = burial factor

and the buoyancy and burial factors are

R =1-0.33x Hgw
H

B'=
1 + 4 x exp(-0.065 x H)

Hgw = height of ground water above pipe, ft
H = depth of cover, ft
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-3033.2 Effects of Negative Internal Pressure. When the pipe is subject to a negative internal
pressure, it should be able to withstand the differential pressure without credit for the surrounding
soil

f 2E )31
AP < _ x pipe X ----

- 2 (1-U2) DR-I)

AP = differential pressure due to negative internal pressure of pipe and miters, psi
fo = ovality correction factor, Table 3033.2-1
Epipe = modulus of elasticity of pipe, psi
v = Poisson ratio (0.35 for short term loads to 0.45 for long term loads; these values are based on the
recommendation of Page 104 of the Performance Pipe Engineering Manual, copyright 2003
Chevron Phillips Chemical Company, LP.)
DR = dimension ratio

Table 3033.2-1 Ovality Correction Factor
% Ovality 1% 2% 3% 5%

Ovality Correction Factor 0.91 0.84 0.76 0.64

-3034 Flotation. Buried PE pipe shall have sufficient cover or be anchored to the ground to prevent
flotation by groundwater. The upward resultant force due to buoyancy on a buried pipe in saturated
soil is

Ww < Wp + PE x D/12

W, = weight of water displaced by pipe, per unit length, lb/ft
Wp = weight of empty pipe per unit length, lb/ft
PE = vertical soil pressure due to earth loads, lb/ft2
D = pipe outside diameter, in
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-3035 Longitudinal Stress Design

-3035.1 Longitudinal Applied Mechanical Loads Longitudinal stresses due to axial forces and
bending moments resulting from applied mechanical loads shall not exceed k x S where

B, x PxD + l2xB x-L-+B 2 x-M <•kxS
2xt A Z

B, = stress index, Table 3035-1
B 2 = stress index, Table 3035-1
P = pressure, psi
D outside pipe diameter, in
t = nominal pipe wall thickness, in
Fa axial force due to the specified Level A, B, C, or D applied mechanical loads, lb
A - cross section area of pipe wall, in2

M:;= resultant bending moment due to the specified Level A, B, C, or D applied mechanical loads,
in-lb
Z = section modulus of pipe cross section, in3
k = factor from Table 3035-2
S = design stress, psi, Table 3021-1

Table 3035-1 Stress Indices
DR 7 DR 9 DR 11 DR 13.5

B, Straight and 0.5 0.5 0.5 0.5
Butt Fused Joint
B 2 Straight and 1.0 1.0 1.0 1.0
Butt Fused Joint

B1 Miter (a) 0.69 0.69 0.69 0.69
B2 Miter (a) 1.38 1.64 1.91 2.21

(a) Miter bends shall not exceed 22.5 deg. per segment

Table 3035-2 Service Level Longitudinal Stress Factors
Service Level A B [ C D

Factor k 1.0 1.1 [ 1.33 1.33

-3035.2 Short Term Longitudinal Applied Mechanical Loads. Alternatively, for the assessment of
short duration loads (less than five minutes), the design stress S may be replaced by 40% of the
tensile strength at the material yield. The methods for determination of the tensile strength at the
material yield are as specified in ASTM D 638. For PE 3408, the values were determined and are
provided in Table 3035-3.

Table 3035-3 Short-Time Allowable Stress Values
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-3040 Temperature Design

-3041 Minimum Temperature. The polyethylene material shall not be used at a temperature below

the manufacturer limit, but not less than minus 50°F.

-3042 Design for Expansion and Contraction

-3042.1 Fully Constrained Thermal Contraction. The tensile stress resulting from the assumption of
fully constrained thermal contraction of the buried pipe when Twater < Tground, increased by the
tensile stress due to axial contraction from Poisson effect, shall not exceed the allowable stress S

PxD
OU. = Epipe x a xAT-vx •- < S

2xt

S = design stress, psi
= coefficient of thermal expansion, 1/OF

AT = Twater - Tground < 0

v = Poisson ratio (0.35 for short term loads to 0.45 for long term loads)
Epipe = modulus of elasticity of pipe, psi, Table 3031-3
P = internal design gage pressure, psi, including pressure surge from anticipated waterhammer
events
D = pipe outside diameter, in
t = nominal wall thickness, in

-3042.2 Fully Constrained Thermal Expansion. The tensile stress resulting from the assumption of
fully constrained thermal expansion of the buried pipe when Twater > Tground, shall not exceed the
allowable stress S

our = Epipe x•a x AT•< S

S design stress, psi
(x= coefficient of thermal expansion, IlPF
AT = Twater - Tground > 0

v = Poisson ratio (0.35 for short term loads to 0.45 for long term loads)
Epipe = modulus of elasticity of pipe, psi, Table 3031-3
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-3042.3 Alternative Thermal Expansion or Contraction Evaluation. As an alternative to 3042.1 and
3042.2, the soil stiffness may be accounted for to calculate pipe expansion and contraction stresses.
The stresses shall satisfy the following equation

i Mc / Z + Fac / A•< 1100 psi

i = stress intensification factor, Table 3042.2-1
Fac = axial force range due thermal expansion or contraction and/or the restraint of free end
displacement, lb
Mc = resultant moment range due thermal expansion or contraction and/or the restraint of free end
displacement, in-lb
Z = section modulus of pipe cross section, in3
S = design stress, psi, Table 302 1-1

Table 3042.2-1 Stress Intensification Factor, i
Fitting or Joint i

Straight Pipe 1.0
Butt Fusion 1.0
Miter Bend 2.0

-3043 Non-Repeated Anchor Movements

The effects of any single non-repeated anchor movements shall meet the requirements of the
following equation

iMD / Z + FaD / A <2S

i = stress intensification factor, Table 3042.2-1
FaD = axial force due to the non repeated anchor motion, lb
MD = resultant moment due to the non repeated anchor motion, in-lb
Z = section modulus of pipe cross section, in3
S = design stress, psi, Table 3021-1
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S -3050 Seismic Design

-3051 Seismic Induced Stresses

The stresses in the buried PE piping system due to soil strains caused by seismic wave passage,
permanent seismic soil movement, and building seismic anchor motion effects, where applicable,
shall be evaluated. The stresses shall satisfy the following equation

i ME / Z + FaE / A 1100 psi

i = stress intensification factor, Table 3042.2-1
FaE = axial force range due to the combined effects of seismic wave passage, permanent seismic soil
movement, and building seismic anchor motion effects, lb
ME =- resultant force range due to the combined effects of seismic wave passage, permanent seismic
soil movement, and building seismic anchor motion effects, in-lb
Z = section modulus of pipe cross section, in3S = design stress, psi, Table 3021-1

Seismic wave passage, permanent seismic soil movement, and building seismic anchor motions
shall be combined by square root sum of the squares.

Supplement 3 provides a non-mandatory method for the analysis of seismic wave passage,
permanent seismic soil movement, and building seismic anchor motion effects.S

0
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-4000 FABRICATION AND INSTALLATION

-4100 GENERAL REQUIREMENTS

-4110 Scope

This paragraph provides the requirements for the installation of PE material. Methods of
installation shall be by thermal fusion and flanged fittings. Use of threaded or adhesive joints with
PE material is not permitted. All metallic interface components will be installed following the
requirements of Subsection ND.

-4120 Material Identification

(a) Material for pressure retaining parts shall carry identification markings which will remain
distinguishable until the component is assembled or installed. If the original identification markings
are cut off or the material is divided, the same marks shall either be transferred to the parts cut or a
coded marking shall be used to assure identification of each piece of material during subsequent
fabrication or installation. In either case, an as-built sketch or a tabulation of materials shall be made
identifying each piece of material with a CCAB or PQC, where applicable, and the coded marking.

(b) Material from which the identification marking is lost shall be treated as nonconforming
material until appropriate tests or other verifications are made and documented to assure material
identification. Testing shall be required unless positive identification can be made by other
documented evidence. The material shall then be remarked upon establishing positive identification.

(c) Marking Material. Material shall be marked inaccordance with paragraph -2800.

-4123 Examinations

Visual examinations are required to be performed by personnel and procedures qualified to -5100
and -5400 unless so specified.

-4130 REPAIR OF MATERIAL

PE material originally accepted on delivery in which defects exceeding the limits of -2900 are
known or discovered during the process of fabrication or installation is unacceptable. The PE
material may be used provided the defective area can be physically removed from the material.

-4140 BURIAL OF SYSTEM COMPONENTS

Burial of the PE system components is not within the scope of this Relief Request. Guidance for the
burial is provided by the Handbook for PE Book, Chapter 7, "Underground Installation of
Polyethylene Piping," Plastics Pipe Institute, February 2006, or the American Water Works
Association standard, AWWA-M-55, PE Pipe - Design and Installation.
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-4200 FORMING, FITTING, AND ALIGNING

-4210 Cutting, Forming, and Bending

-4211 Cutting

Materials may be cut to shape and size by mechanical means such as machining, cutting, and
shearing.

-4212 Forming and Bending Processes

The PE material used in this Relief Request shall not be cold or hot formed. A pipe bending radius
> 30 times the pipe outside diameter is acceptable for piping with a DR 9 through 13.5 and is
considered to be straight pipe.

-4213 Aligning

The alignment of components for open butt fusion joints will be held in position by the fusing
machine, allowable surface mismatch is specified in the Fusion Procedure Specification (FPS).

-4300 FUSING QUALIFICATIONS

-4310 GENERAL REQUIREMENTS

a) Fusing procedure and performance qualification comply with the requirements of Supplement 9
of this Relief Request.

b) The Thermal Fusion Butt Joint is the only thermal fusion joint allowed in this Relief Request.

FIGURE -4310 Thermal Fusion Butt Joint
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-4320 Qualifications

-4321 Required Qualifications

a) Duke Power Company LLC is responsible for the fusing done and will establish the procedure
and conduct the tests required by Supplement 9 and this Relief Request in order to qualify both the
fusion procedures and the performance of fusing operators who apply these procedures.
b) Procedures, and fusing operators used to join permanent pressure parts shall also meet the

qualification requirements of this Relief Request.

-4322 Maintenance and Certification of Records

Duke Power Company LLC shall maintain records of qualified fusing procedures and the fusing
operators qualified by them, showing the date and results of tests and the identification mark
assigned to each fusing operator. These records shall be reviewed, verified, and signed by any
authorized individual assigned by Duke Power Company LLC and they shall be accessible to the
ANII.

-4323 Fusing Prior to Qualification

Fusing shall not be undertaken until after the fusing procedures, to be used, have been qualified.
Only fusing operators who are qualified in accordance with paragraph -4320 and Supplement 9 of
this Relief Request shall be used.

-4324 Transferring Qualifications

The fusion procedure qualifications and performance qualification tests for fusing operators
conducted by one Certificate Holder/Owner shall not be used to qualify fusing procedures or fusing
operators for any other Certificate Holder/Owner.

-4330 Requirements for Fusing Procedure Qualification Tests

-4331 Conformance to Supplement 9 Requirements

All fusing procedure qualification tests shall be in accordance with the requirements of Supplement
9 as supplemented or modified by the requirements of this Relief Request.

-4332 Preparations of Test Coupons and Specimens

Removal of test coupons from the fusion test coupon and the dimensions of specimens made from
them shall conform to the requirements of Supplement 9.
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-4400 RULES GOVERNING MAKING FUSED JOINTS

-4410 General requirements

-4411 Identification, Storage, and Handling of PE Materials

Duke Power Company LLC is responsible for control of the PE materials that are used in the
fabrication and installation of components (-4120). Suitable identification, storage, and handling of
PE material shall be maintained.

-4412 Cleanliness and Protection of Surfaces To Be Fused

The fusing surfaces shall be free of foreign material, oil, grease, and other deleterious material. The
work shall be protected from deleterious contamination and from rain, snow, and wind during
fusing operations. Fusing shall not be performed on wet surfaces.

-4420 Rules For Making Fused Joints

-4421 Fusing Components of Different Diameters

-4421.1 Components of different outside diameters shall not be fused together.

-4421.2 The alignment of components for open butt fusion joints shall be held in position by the
fusing machine, allowable surface mismatch shall be less than 10% of the minimum wall
thickness of the components being fused.

-4421.3 To fuse components with differing DR's, the component with the smaller DR shall be
countered-bored and tapered to meet the wall thickness of the component with the larger
DR and shall comply with Figure -4421.2-1.

Component of Component of
lower DRhigher

tn . nominal wall thickness of thinner component
Cmax = tn, Grin = .5tn

= 5 ri'.in = .05t,

(b) r2'min = .05t.

Transition Counter-bore

FIGURE 4421.2-1
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-4422 Identification of Joints by Fusing Operator

Each fusing operator shall apply the identification mark assigned to him by Duke Power Company
LLC adjacent to all permanent fused joints or series ofjoints on which he fuses. The marking shall
be 1 ft (.3 m) or less from the fusion bead and shall be done with permanent metallic paint marker or
stenciling marker.

-4421.1 External and internal fusion beads are not part of the pressure boundary and can be removed
by the owner at any time.

-4423 Repairs

Repairs of a fused joint is not allowed. All unacceptable joints shall be cut out and replaced.

-4430 Fusing Data Acquisition Recorder

The fusion machine will have an automatic acquisition data recorder attached to it. The recorder
shall record essential variables of the fusion process.

a) Failure to run the recorder during the fusion process shall be cause to fail the fusion joint being
made.

O b) The butt fusion joint record should be compared to the Fusion Procedure Specification (FPS) to
ensure that the proper butt fusion parameters and procedures were followed. Any parameter out of
the approved range will be cut out and re-fused using the correct FPS.

-4500 ASSEMBLY AND ERECTION

-4510 General

Distortion resulting in a pipe bending radius > 30 times the pipe outside diameter is acceptable for
piping with a DR of 9 and 11.

-4520 Flanged Joints using PE material

a) Flanged connections are only permitted for the joining of polyethylene pipe to metallic pipe or
piping components. The polyethylene flange connection shall be constructed using a polyethylene
flange adapter having a DR ratio equal to the attached PE pipe and shall be fusion joined to the
attached polyethylene piping.

b) The polyethylene flange adapter shall be connected to the metal flange using a metallic backing
ring and as a minimum having the same pressure rating as the mating metallic flange.

c) Before bolting up, flange faces shall be aligned to the design plane within 1/ 16 in/ft measured
across any diameter; flange bolt holes shall be aligned within 1/8 in. maximum offset. Any damage. to the gasket seating surface on the PE flange which would prevent gasket seating shall be
evaluated.
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d) The flange shall be joined using bolts of a size and strength that conforms to the requirements of
ASME B 16.5. Bolts or studs should extend completely through their nuts. Any which fail to do so
are considered acceptably engaged if the lack of complete engagement is not more than one thread.
Flat washers shall be used under bolt heads and nuts.

e) In assembling flanged joints, the gasket shall be uniformly compressed to the proper design
loading. Special care shall be used in assembling flanged joints in which the flanges have widely
differing mechanical properties. Tightening to a predetermined torque is recommended. The gasket
material shall be selected to be consistent and compatible with the service requirements of the
piping system. See Figure -4520-1 for a typical flange configuration.

Metallic Flange
Wash'

MetallicPipe ,

Metallic Backing Rinig

Bolting

PE Flange Adapter

__~ ~ ~ ~ ~ ~ ~ ~ ~~~C P _ _ _ _ _ _ _ lipe

Metallic Piping PE Piping

Figure -4520-1 - Typical Flange Arrangement

-4530 Pipe and Component Supports

This section is not applicable to buried piping.
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-5000 EXAMINATION

-5100 GENERAL REQUIREMENTS

-5110 Procedures

-5111 Examination of manufactured PE piping subassemblies, fittings and installed PE piping
systems shall be in accordance with the requirements of this section of this Relief Request.

-5112 Examination Procedures. All examinations performed under this Relief Request shall be
executed in accordance with detailed written procedures which have been proven by actual
demonstration, to the satisfaction of the ANII. Written procedures, records of demonstration of
procedure capability, and personnel qualification shall be made available by the Manufacturer or
Duke Power Company LLC to the ANII on request.

-5120 Visual Examination of Fused Joints

a) A VT-I visual examination shall be performed on all fused joints

b) The VT-I visual examination shall be conducted:

1) Upon the completion of cooling period and
2) after the fused joint data obtained in -4430 has been reviewed.

c) The visual examination shall be completed before piping with the fused joint is placed in the
burial trench.

-5300 ACCEPTANCE STANDARDS

-5310 General Requirements

Unacceptable joints shall be removed. Repair of unacceptable joints is not permitted.

-5320 Visual Acceptance Criteria

-5321 Thermal fusion butt joints shall meet the following:

a) shall not have an improper fusion bead configuration,

b) shall not show evidence of cracking or incomplete fusion,

c) shall not be visually angled or offset. The ovality offset shall be less than 10% of the minimum
wall thickness of the fused components,

d) the cleavage between fusion beads shall not extend to or below the outside diameter pipe surface
see (Figure -5321 -1),
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e) shall have a review of the data acquisition record for the joint and compare it to the Fusion
Procedure Specification (FPS) to ensure the proper parameters and procedures were followed in
making the fused joint.

(a) (b)

PE Pipe (Cross Section View) PE Pipe (Cross Section View)
Visually Acceptable - Uniform Bead around pipe Visually Acceptable - Non-uniform Bead around pipe

(c) (d) Cleavage tip shall not
meet or extend

beiow pipe surface

PE Pipe (Cross Section View) PE Pipe (Cross Section View)
Visually Acceptable - Non-uniform Bead around pipe Visually Unacceptable - Non-uniform/Uniform Bead

Localize diameter mismatch less than 10% of the wall around pipe - V-Groove too deep at pipe-tangent

FIGURE -5321-1

-5400 QUALIFICATION OF NONDESTRUCTIVE EXAMINATION PERSONNEL

-5410 General Requirements

Organizations performing Code required nondestructive examinations shall use personnel
competent and knowledgeable to the degree specified by ND-5520 or IWA-2300 as applicable.
When these services are subcontracted by the Certificate Holder or Owner, he shall verify the
qualification of personnel to the requirements of ND-5520 or IWA-2300 as applicable. All
nondestructive examinations required by this Relief Request shall be performed by and the results
evaluated by qualified nondestructive examination personnel.

-5420 Certificate Holder Requirements

a) Personnel performing visual examinations required for this Relief Request shall be qualified in
accordance with ND - 5520. Personnel performing visual examinations shall receive an additional
32 hours of training in PE piping and joining practices. This training shall be documented on a
training record

-5430 Owner Requirements

a) All personnel that will be qualified to perform Visual Examinations and data acquisition record
review on PE Piping, excluding the hydrostatic pressure test, shall receive the same training as
required for the fusion machine operator in Supplement 9. This includes the use of a fusion
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machine to make a sample fused joint, the fused joint is not required to be tested. This training
shall be documented on a training record

b) Personnel performing visual examinations required for this Relief Request shall be certified as a
VT-I in accordance with Section XI. In addition to training required by paragraph (a) personnel
performing visual examinations shall receive an additional 16 hours of training in PE piping and
joining practices. This training shall be documented on a training record.

c) Personnel performing visual examinations for hydrostatic test -6300 shall be certified as a VT-2
in accordance with Section XI. In addition to training required by paragraph (b), personnel
performing visual examinations shall receive an additional 4 hours of training in PE piping and
joining practices. This training shall be documented on a training record.
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-6000 TESTING

-6100 GENERAL REQUIREMENTS

a) Prior to initial operation, the installed system shall be hydrostatically tested.

b) All joints, including fused joints shall be left exposed for examination during the test. For long
sections of piping the hydrostatic testing may be accomplished by testing small sub-sections of the
longer section. Upon a satisfactory test of this small section the piping may be buried. This process
shall be reviewed by the ANII.

c) The pressure in the test section shall be increased to the test pressure and held for 4 hours. Rate
of pressurization shall not exceed 50 psig/minute. Make up water may be added to maintain test
pressure during this time and allow for initial expansion. At the end of the 4 hour period begin the
test phase. Reduce the test pressure by 10 psi and monitor for 1 hour. Do not add makeup water. If
no visual leakage is observed and the pressure remains within 5% of the test phase pressure the pipe
passes.

d) The total test time including initial pressurization, initial expansion, and time at test pressure,
shall not exceed 8 hours. If the pressure test is not completed in 8 hours for any reason, the test
section shall be de-pressurized. The test section shall not be re-pressurized for at least 8 hours.

-6200 CERTIFICATE HOLDER REQUIREMENTS

a) The piping components shall be tested in accordance with ND-6200.

b) The test pressure shall be at least 1.5 times the Design Pressure of the PE piping.

c) The Pneumatic Test described in ND-6112 shall not be used.

d) A VT-2 examination shall be performed during the test.

-6300 OWNERS REQUIREMENTS

a) The piping components shall be tested by hydrostatic test in accordance with IWD-5230.

b) The test pressure shall be at least 1.5 times the Design Pressure of the PE piping.

c) A Pneumatic Test described in IWA-52 11 (c) is prohibited.

d) A VT-2 examination shall be performed during the test.
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-7000 PROTECTION AGAINST OVERPRESSURE

-7100 GENERAL REQUIREMENTS

-7110 Scope

Consideration in the design of systems to the requirements of this Relief Request shall include the
need for protection against overpressure. Where it is determined that overpressure protection is
required, the detailed requirements shall be stated in the Design Specification (NCA-3250) and
construction shall be in accordance with the requirements of ND-7000.
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-8000 NAMEPLATES, STAMPING AND REPORTS

-8100 GENERAL REQUIREMENTS

-8110 Scope

(a) The requirements for nameplates, stamping and reports for components constructed in
accordance with this Alternate Material Request shall comply with Article NCA-8000 with the
following exceptions:

(1) The attachment of name plates shall use a stainless steel band or wire.

(2) No indentation stamping is allowed on the polyethylene pipe surface, all marking shall
be performed with a metallic paint marker or stenciling marker.

(b) The Owner shall comply with the requirements of IWA-4143.
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SUPPLEMENT I

GLOSSARY

1. certified certificate of analysis for batch (CCAB) or product quality certification (PQC) - a
document attesting that material is in accordance with specified requirements, including
batch analysis of all chemical analysis, test, and examinations.

2. control specimen - The specimen from the base material tested to determine the tensile
strength for the purpose of determining an acceptable tensile strength.

3. coupon - a fusion assembly for procedure or performance qualification testing. The coupon

may be any product from sheet plate, pipe, or tube material.

4. hydrostatic design basis (HDB) - one of a series of established stress values for a compound.

5. design stress (HDS) - the estimated maximum tensile stress the material is capable of
withstanding continuously with a high degree of certainty that failure of the pipe will not occur.
This stress is circumferential when internal water pressure is applied.

6. long-term pressure - strength (LTHS) - the estimated tensile stress in the wall of tl6 pipe in the
circumferential orientation that when applied continuously will cause failure of the pipe at
100,000 hours.

7. PE - (polyethylene) A polyolefin composed of polymers of ethylene. It is normally a
translucent, tough, waxy solid which is unaffected by water and by a large range of chemicals.
There are three general classification; low-density, medium-density, and high-density.

8. stiffuess factor - the measurement of a pipe's ability to resist deflection as determined in
accordance with ASTM D 2412.

9. test joint - work pieces joined by fusing to qualify fusing procedures, or fusing operators

10. thermoplastic resin - a resin material which does not react or polymerize and which flows with
the application of heat and solidifies when cooled. A material which can be reformed.
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*SUPPLEMENT 2

ASTM PE MATERIAL STANDARDS

The following PE materials standards are acceptable for use in this Relief Request:

1. D-3035-03a, Standard Specification for Polyethylene (PE) Plastic Pipe (DR-PR) Based on
Controlled Outside Diameter

2. D-3261-03, Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

3. D-3350-05, Standard Specification for Polyethylene Plastics Pipe and Fittings Materials

4. F-714-03, Standard Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based on
Outside Diameter

5. F- 1055- 98, Standard Specification for Electro fusion Type Polyethylene Fittings for Outside
Diameter Controlled Polyethylene Pipe and Tubing

6. F-2206-02, Standard Specification for Fabricated Fittings of Butt-Fused Polyethylene (PE)
Plastic Pipe, Fittings, Sheet Stock, Plate Stock, or Block Stock

0
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*SUPPLEMENT 3
NON-MANDATORY METHOD OF SEISMIC ANALYSIS

The buried pipe may be qualified by analysis for the effects of seismic wave passage, following the
method provided in this Appendix.

Step-1. The strains from seismic wave passage, and seismically-induced permanent movements if
any, shall be obtained by a plant-specific geotechnical-civil investigation.

Step-2. The soil strains (paragraph 3051) shall be converted into an equivalent temperature rise of
the buried pipe, as follows

ATeq - 6soil

ATeq = equivalent temperature rise, deg.F
soiil = maximum soil strain due to seismic wave passage

a = coefficient of thermal expansion of the pipe, l/0 F

Step-3. The pipe-soil system shall be modeled as a piping system constrained by soil springs.

(a) The pipe model shall consider two cases: short-term modulus (< 10 hours, Table 3031-3) for
wave passage and long-term modulus for permanent soil movement (permanent seismic anchor
motion).

(b) The soil model shall have at-least a bi-linear stiffness, and shall consider two cases: upper and
lower bound of soil stiffness.

For guidance on modeling soil-pipe interaction, refer to ASCE, Guidelines for the Seismic Design
of Oil and Gas Pipeline Systems, 1984, ASCE 4 Seismic Analysis of Safety-Related Nuclear
Structures and Commentary, or American Lifelines Alliance, Guidelines for the Design of Buried
Steel Pipes, July 2001, with February 2005 addendum.

Step-4. The equivalent change of temperature ATeq shall be applied to the pipe-soil model, to obtain
forces and moments throughout the system.

Step-5. The anticipated permanent seismic movements, if any, shall be applied to the pipe-soil
model to obtain forces and moments throughout the system.

Step-6. The results of Steps 4 and 5 shall be combined by Square Root Sum of the Squares (SRSS),
at each point along the piping system to obtain resultant forces and moments.
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Step-7. The results of Steps 4 and 5 shall be combined by the square root of the sum of the squares,

at each point along the piping system to obtain resultant forces and moments.

Step-8 The resultant forces and moments shall be evaluated as follows:

(a) The axial stresses in pipe, fittings, flanges and fused joints shall comply with the requirements of
3051.

(b) Alternatively, the seismic induced strain shall be determined as follows:

(Ea)Earthquake = [ I (TEI I I v (PD/2t) I ] / E

Strain in the pipe from earthquake wave computer analysis

GE = One half Earthquake stress form the piping analysis as calculated in 3051.

The strain, (€a)Earthquake shall be limited to the values listed in Table A-1, where k is defined in table
3035-2.

Table A-1 Seismic Strain Limits
DR Allowable Strain

DR•_< 13.5 0.025 x k
13.5 < DR•< 21 0.020 x k

DR>21 0.017xk
Where k is defined in Table 3035-2
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SUPPLEMENT 4
FORMS

1. Form QF-200 Fusion Procedure Specification (FPS)

2. Form QF-300 Fusion Machine Operator Qualification (FPQ)
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Form QF-200

FUSION PROCEDURE SPECIFICATION

Pulnred by: Date: Approved by: Da cr C.

DATA ACQUISITION RECORD ,ER ATtACHED:

FUSION INTERFACE PRESSURE:

FEATER SIURFACE TEMPERATURE:

MAXIMUM TIME BETWEEN HEATER
REMOVAL BEFORE FUSION:

BEAD MELT SIZE:

FIT-UP OF PIPE:

FUJSION DRAGr PRESSIJRE:

TIS I ON MAC['NE MANr 'ACUI"rR:

TECHNIQUES
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FORM QF-300

FUSION MACHINE OPERATOR
PERFORMANCE QUALIFICATION (FPQ)

TEST FORM

Operator's Name Payroll No. Stamp I.D.

RequalificationLab Test No. Test: Qualification
Fusion Machine Manufacturer
Fusion Machine Pipe Size Range
Test PositionSMaterial Specification to
Fusion Specification Procedure
Pipe Size Pipe DR

NDE Requirements: Visual Visi
Free Bend Test

Data Acquisition Record Review Results

ual Results
Bend Tests Results

Test Conducted By

We certify that the statements in this record are correct and that the fused joints are prepared, fused and tested in accordance with the requirements of
Supplement 9, of the relief request.

Date Signed By
Title

0
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SUPPLEMENT 5
FUSION BEAD CONFIGURATION
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Buft Fusion of PipeUnacceptabl Ap nce -
Insufiient Mf

Butt Fusion of Pipe
Unacceptable Appearance -

In Roll Back

6. Melt Bead 7bo Small For 2-Inch And Larger Mains

Butt Fusion of Pipe
Unacceptable Appearance -
Improper Alignment

7. Insufficient Fusion Pressure - 'V" Shaped Melt Appearance
8. Inadequate Roll Back of Bead

Butt Fusion of Tubing

Unacceptable Appearance

9. ",*lH--Low" Condition 1(1 Inadequate Rol! Back Of Bead Due
To Improper Alignment

1i. Excessive Melt, Improper Alignment And/Or Excessive Pressure

Butt Fusion of Pipe
Unacceptable Appearance -
Incomplete Face Off

Butt Fusion of Pipe
Unacceptable Appearance -
Incomplete Face Off

!P, No Me' I Qufj(,I Jed H", lnccniptet Fr AO )tt 1 Lj(c, ond-d Area In joinýt no '. Lt Sqtrapo
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Supplement 9

POLYETHYLENE PIPE FUSING

ARTICLE I
FUSION GENERAL REQUIREMENTS

QF-100 GENERAL

Supplement 9 of this Relief Request relates to the qualification of fusion machine operators and
the procedures that they employ in fusing polyethylene (PE) piping. Due to the major
differences between metallic welding and plastic fusing, the Fusion Procedure Specification
(FPS) and the Procedure Qualification Record (PQR) have been combined for this supplement.

QF-101 Scope

The requirements in this supplement apply to the preparation of the Fusion Procedure
Specification (FPS), and the qualification of fusion machine operators for thermal butt fusion
joining.

QF-102 Terms and Definitions

Some of the more common terms relating to fusion are defined in Supplement I, and ASTM
F412-01 a Standard Terminology Relating to Plastic Piping Systems,

QF- 103 Responsibility

QF- 103.1 Fusion. Each manufacturer or contractor is responsible for the fusing done by his
organization and shall conduct the tests required in this Supplement to qualify the procedures
he uses in the production of the fused joints made for this Relief Request (Supplement 9 Article
II), and the performance of fusion machine operators who use these procedures (Supplement 9
Article III).

QF-103.2 Records. Each manufacturer or contractor shall maintain a record of the results
obtained in the fusing procedure and fusion machine operator performance qualifications.
These records shall be certified by the manufacturer or contractor and shall be accessible to the
Authorized Inspector.

QF-104 Documents
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QF-104.1 A FPS is a written document that provides direction to the fusion machine operator
for making fused joints in accordance with the requirements of this Relief Request. Any
manufacturer or contractor that will have responsible operational control of production fusing
shall have a FPS that has been qualified by that manufacturer or contractor in accordance with
Article II of this supplement.

a) The FPS specifies the conditions under which the fusing must be performed. These
conditions include the PE materials that are permitted. Such conditions are referred to in this
Supplement as fusing "essential variables." When a FPS is to be prepared by the manufacturer
or contractor, it shall address these essential variables.

b) The purpose for the qualification of a FPS is to determine that the fused joint proposed for
construction is capable of providing the required properties for its intended application. FPS
qualification establishes the properties of the fused joint, not the skill of the fusion machine
operator.

QF-104.2 In performance qualification, the basic criterion established for fusion machine
operator qualification is to determine the operator's ability to operate the fusing equipment to
produce a sound fused joint.

QF- 105 Joint Orientation

The orientation of all fused butt joints produced for tests or production shall be the 1 G position
illustrated in Figure QF-105.

1G

Figure QF - 105

QF- 106 Training

a) Thermal Butt Joint - Each fusion machine operator will receive a minimum of 24 hours of
training, covering the principles of the fusion process and the operation of the fusion
equipment. There will be a two part test at the end of this training; Part 1 Theoretical
Knowledge and Part 2 Performance Qualification.

1) The theoretical test shall cover as a minimum; safety, fundamentals of the
fusing process, and recognition of typical joint imperfections.

2) Performance Qualification test using an approved FPS.
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b) Non Mandatory Appendix A to Supplement 9 provides guidance for a training program.

QF-120 EXAMINATIONS

QF-121 Visual Examination. All fused joints shall be examined in accordance with -5000 of
this Relief Request. The examination shall include all accessible surfaces of the fused joint and
shall meet the following criteria;

a) shall not have an improper fusion bead configuration,

b) no evidence of cracks or incomplete fusion,

c) shall not be visually mitered (angled, off-set). The ovality offset shall be less than 10% of the
minimum wall thickness the fused components,

d) the cleavage between fusion beads should not extend to or below the outside diameter pipe
surface see Figure -532 1-1 of the Relief Request, and

e) review the data acquisition record for the joint and compare it to the Fusion Procedure
Specification (FPS) to ensure the proper parameters and procedures were followed in making
the fused joint.

QF-122 Data Acquisition Record Evaluation.

a) The data recording device must be capable of recording the following butt fusion essential
variables on each joint:

1) Heater Surface temperature
2) Pressure during the heat cycle
3) Pressure during the fusion/cool cycle
4) Time during the heat cycle
5) Time during the fusion/cool cycle

6) Heater removal time
7) All job information related to the joints such as job number, joint number, employee
number, time, date, fusion machine identification, pipe manufacturer, pipe material

b) The sampling rate must be at least 10 samples /second to record some of the variables.

c) The data recording device must be capable of storing and recovering at least (1) day of butt
fusion joint information and capable of downloading this information as a permanent record.,

QF- 130 Tests

QF- 131 High Speed Tensile Impact Test.
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QF- 13 1.1 Significance and Use

This test method is designed to impart tensile impact energy to a butt fused plastic pipe
specimen. The failure mode (brittle or ductile) are used as criteria in the evaluation of the butt
fusion joint.

QF-131.2 Test Specimens

a) The test specimen shall conform to the dimensions shown in Figure QF-131.2. Test
specimens of butt fused pipe shall have the bead remain on the outside and inside.

b) Preparation-Test specimens shall be prepared by machining operations on butt fused
sections of pipe and on the pipe itself. The machining operations shall result in a smooth
surface on both sides of the reduced area with no notches or gouges.

c) All surfaces of the specimen shall be free of visible flaws, scratches, or imperfections.
Marks left by coarse machining operations shall be carefully removed with a fine file or
abrasive, and the filed surfaces shall then be smoothed with abrasive paper (600 grit or finer).
The finishing sanding strokes shall be made in a direction parallel to the longitudinal axis of the
test specimen. In machining a specimen, undercuts that would exceed the dimensional
tolerances shall be scrupulously avoided.

d) When marking the specimens, use a permanent marker of a color that will be easily read or
etch the specimen number in the area outside the hole.
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6,
R

OF FUSION

NOTES:

1. ALL MACHINED SURFACES 125 RMS OR BETTER

Tensile Impact Test Coupon Configuration

Figure QF-131.2

QF- 131.3 Number of Test Specimens

Test at least four specimens from butt fused pipe sections 900 apart for pipe sizes 4" and larger.
Test two specimens from butt fused pipe sections 1800 apart for pipe sizes 2" to 4".

QF-131.4 Speed of Testing The speed of testing shall be in accordance with Table QF-131.4

Wall Thickness Testing Speed

<1.25 in. ( 32 mm) 6 in. (152 min/s)

>1.25 in. (32 mm) 4 in. (102 mm/s)

Testing Speed Toleran ce: +5 in/s to -1 in/s (+1:

TABLE QF-131.4

2.7 mm/s to -25.4 mm/s)

QF-131.5 Conditioning
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a) Conditioning-Condition the test specimens at 73.4 + 3.6'F [23 + 2°C] for not less than 1
hour prior to test.

b) Test Conditions-Conduct the tests at 73.4 ± 3.6°F [23 ± 2°C] unless otherwise specified

by contract or the relevant ASTM material specification.

QF-131.6 Test Procedure

a) Set up the machine and set the speed of testing to the proper rate as required in QF-131.4

b) Pin each specimen in the clevis tooling of the testing machine. This will align the long axis
of the specimen and the tooling with the direction of pull of the machine.

c) Determine the mode of failure and document.

QF-131.7 Acceptance Criteria

Failure mode shall be ductile.

1 4- --A--

Figure A
Brittle Failure

Figure B Figure C
Ductile Failure Ductile Failure

Outside Fusion Interface Adjacent to Fusion
Interface

NOTE: od Denotes Fusion Bead

FIGURE QF-130.7 Tensile Test Sample Evaluation Sample

QF- 132 Elevated Temperature Sustained Pressure Tests.

QF-132.1 Specimens

Butt fuse (2) pieces of 8" IPS DR II PE pipe x 40" long using the FPS outlined in this
Supplement and perform the elevated temperature sustained pressure tests specified in ASTM
D-2513 Appendix A3.
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QF-133 FREE BEND TESTS

QF-133.1 Specimens

Two bend specimens as shown in Figure 133.1 shall be removed from the joint
approximately 180' apart.

1 5t,
t

I _min i6 __
mi.!

- --- ---- ----

1-1/2 t, 1 in. min.
i -rn -i
i I I

- - -4 -

\ - ---------------

Test Specimen

Butt Fusion Joint

FIGURE QF-133.1

QF-133.2 Testing Procedure

One test specimen shall be bent so that the inside surface of the joint is in tension and the other
shall be bent so that the outside surface of the joint is in tension. The ends of each specimen
shall be brought together until the ends of the specimens touch.

QF-133.3 Acceptance Criteria

The specimens shall not crack or fracture.
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FUSION PROCEDURE
QUALIFICATIONS

SUPPLEMENT 9

ARTICLE II
QF-200 GENERAL

QF-201 Each manufacturer or contractor shall prepare written Fusion Procedure
Specifications that are defined as follows:

a) Fusion Procedure Specification (FPS). A FPS is a written qualified fusing
procedure prepared to provide direction for making production fused joints to this
Relief Request requirements. The FPS shall be used to provide direction to the fusion
machine operator to assure compliance with the Relief Request requirements.

b) Contents of the FPS. The completed FPS shall describe all of the essential variables
for each fusion process used in the FPS. These essential variables are listed and defined
in QF-220. The manufacturer or Contractor may include any other information in the
FPS that may be helpful in making a fused joint.

c) Changes in essential variables require requalification of the FPS

d) Format of the FPS. The information required to be in the FPS may be in any
format, written or tabular, to fit the needs of each manufacturer or Contractor, as long
as every essential variables outlined in QF-220 is included or referenced. Form QF-
200 has been provided as a guide for the FPS. This Form includes the required data for
the fusing, it is only a guide and is located in Supplement 4.

e) Availability of the FPS. A FPS used for production fusing shall be available for
reference and review by the Authorized Nuclear Inspector (ANI)/(ANII) at the
fabrication site.

QF-210 Manufacturer's or Contractor's Responsibility

a) Each manufacturer or Contractor shall list the parameters applicable to fusing that
he performs in construction of fusion joints made in accordance with this Relief
Request. These parameters shall be listed in a document known as a Fusion Procedure
Specification (FPS).
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b) Each manufacturer or Contractor shall qualify the FPS by the fusing of test
coupons, testing of specimens cut from the test coupons, and recording fusing data and
test results in the FPS. The fusion machine operators used to produce the fused joints to
be tested for qualification of procedures shall be under the full supervision and control
of the manufacturer or Contractor during the production of these test fused joints. The
fused joints to be tested for qualification of procedures shall be fused either by direct
employees or by individuals engaged by contract for their services as fusion machine
operators under the full supervision and control of the manufacturer or Contractor. It is
not permissible for the manufacturer or Contractor to have the supervision and control
of fusing of the test fused joints performed by another organization. It is permissible,
however, to subcontract any or all of the work of preparation of test material for fusing
and subsequent work on preparation of test specimens from the completed fused
j ointment, performance of nondestructive examination, and mechanical tests, provided
the manufacturer or Contractor accepts the responsibility for any such work.

c) This Relief Request recognizes a manufacturer or Contractor as the organization
which has responsible operational control of the production of the fusion joints to be
made in accordance with this Relief Request. If in an organization effective operational
control of fusing procedure qualification for two or more companies of different names
exists, the companies involved shall describe in their Quality Control system/Quality
Assurance Program, the operational control of procedure qualifications. In this case
separate fusion procedure qualifications are not required, provided all other
requirements of this Supplement are met.

d) The manufacturer or Contractor shall certify that he has qualified each Fusion
Procedure Specification.

QF-220 FUSION PROCEDURE SPECIFICATION (FPS)

QF-221 Essential variables for Fusion Procedure Specifications (FPS).

Essential variables. Essential variables are those in which a change is considered to
affect the mechanical properties of the fused joint and shall require requalification of
the FPS.

QF-222 Essential Variables

A list of those essential variables are listed below:

1) The pipe material,

2) heater surface temperature range must be established, (This surface must be
coated with a high temperature rated non-stick coating to prevent the pipe from
sticking to the heater),
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3) a butt fusion interfacial pressure range must be established, (This is the
amount of force (lbs) per square inch of pipe area required to determine the
theoretical fusion machine gauge pressure.)

4) heating cycle (time and pressure) must be established, (This will include the
heat soak cycle and the bead up size against the heater before removal.)

5) fusion pressure and cooling time must be monitored and recorded, (A
suggested cooling time guide needs to be established to determine the time the
fusion joint is left under pressure in the fusion machine.)

6) fusion machine operator must be capable of evaluating the butt fusion joint
by visual inspection, evaluating the data acquisition to ensure it meets the FPS
and be capable of downloading the record for a permanent record.

QF-223 Testing Procedure to Qualify the FPS

a) Use 8" IPS PE DR 1I pipe sizes in qualification test joints.

b) Make the following butt fusion joints using the following combinations of heater
temperature range and interfacial pressure range and the FPS:

1) High heater surface temperature and high interfacial pressure, (5) joints
2) High heater surface temperature and low interfacial pressure, (5) joints
3) Low heater surface temperature and high interfacial pressure, (5) joints
4) Low heater surface temperature and low interfacial pressure, (5) joints

c) Evaluate (3) joints of each combination using the High Speed Tensile Impact Tests
per QF-130. All joints must fail in a ductile mode.

d) Evaluate (2) joints of each combination using the Elevated Temperature Sustained
Pressure Tests per QF- 132. All joints must pass this ASTM test.

QF-230 STANDARD FUSION PROCEDURE SPECIFICATION

a) The Standard Fusion Procedure Specification is based on standard industry practice
and testing as reported in the Plastic Pipe Institute (PPI), report TR-33/200 1,

b) When the FPS is limited to the following parameters, qualification testing is not
required. If the manufacturer or contractor deviates from the conditions listed below,
procedure qualification testing in paragraph QF-220 shall be performed.

1) The axis of the pipe is limited to the horizontal position, G-1, ±45'.
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2) The pipe ends shall be faced to establish clean, parallel mating surfaces that
are perpendicular to the pipe centerline on each pipe end. When the ends are
brought together, there shall be no visible gap.

3) The external surfaces of the pipe are aligned to within 10% of the pipe wall
thickness.

4) The drag pressure shall be measured and recorded. The fusion pressure shall
be calculated so that an interfacial pressure of 60 to 90 psi is applied to the pipe
ends.

5) The heater plate surface temperature shall be 400 to 450'F measured at 4
locations approximately 900 apart.

6) The heater plate shall be inserted into the gap between the pipe ends and
fusion pressure shall be applied and maintained until an indication of melt is
observed around the circumference of the pipe. The pressure shall be reduced
to drag pressure and the fixture shall be locked in position so that no outside
force is applied to the joint during the soak time.

7) The ends shall be held in place until the following bead size is formed
between the heater faces and the pipe ends, shown in Table QF-230(b)7-1.

Approximate Melt

Pipe Size (Dia) Bead Size
inches inches
< 1 1/4 1/32 to 1/16

>1 1i/4to<3 1/16

>3to<8 1/8 to 3/16

>8to<12 3/16 to 1/4

> 12 to< 24 1/4 to 7/16

> 24 to < 36 7/16

> 36 to < 54 9/16

TABLE QF-230(b)7-1

8) After the proper bead size is formed, machine shall be opened and the heater
removed. The pipe ends shall be brought together and the fusion pressure
reapplied.

9) The maximum time from removal of the heating plate until the pipe ends are
pushed together shall not exceed the time given in Table QF-230(b)9.
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Pipe Wall Thickness Max. Heater Plate

(inches) Removal Time

.20 to .36 8 sec.

.36 to .55 10 sec.

.55 to 1.18 15 sec.

1.18 to 6.0 20 sec.

TABLE QF-230(b)-9

10) The pressure is maintained until the joint has cooled to the touch, after
which the pipe may be removed from the joining machine. Handling of the pipe
shall be minimized for an additional 30 minutes.

QF-240 Mechanical Tests.
QF-241 General Requirements

a) The type and number of test specimens that shall be tested to qualify a butt FPS are
given in QF-223, and shall be removed in a manner similar to that shown in QF-130. If
any test specimen required by QF-233 fails to meet the applicable acceptance criteria,
the test coupon shall be considered as failed.

b) When it can be determined that the cause of failure is not related to fusing
parameters, another test coupon may be fused using identical fusing parameters.

c) Alternatively, if adequate material of the original test coupon exists, additional test
specimens may be removed as close as practicable to the original specimen location to
replace the failed test specimens.

d) When it has been determined that the test failure was caused by an essential
variable, a new test coupon may be fused with appropriate changes to the variable(s)
that was determined to cause the test failure.

e) When it is determined that the test failure was caused by one or more fusing
conditions other than essential variables, a new test coupon may be fused with the
appropriate changes to the fusing conditions that were determined to cause the test
failure. If the new test passes, the fusing conditions that were determined to cause the
previous test failure shall be addressed by the manufacturer to ensure that the required
properties are achieved in the production fused joint.

QF-242 Preparation of Test Coupon
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The base materials shall consist of pipe. The dimensions of the test coupon shall be
sufficient to provide the required test specimens.
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FUSION PERFORMANCE

QUALIFICATION

SUPPLEMENT 9

ARTICLE III
QF-300 GENERAL

QF-300.1 This Article lists the essential variables that apply to fusion machine operator
performance qualifications.

The fusion machine operator qualification is limited by the essential variables

QF-300.2

(a) The basic premises of responsibility in regard to fusion are contained within QF-
103 and QF-301.2. These paragraphs require that each manufacturer or contractor (an
assembler or an installer is to be included within this premise) shall be responsible for
conducting tests to qualify the performance of fusion machine operators in accordance
with qualified Fusion Procedure Specifications, which his organization employs in the
construction of fused joints built in accordance with this Supplement. The purpose of
this requirement is to ensure that the manufacturer or contractor has determined that his
fusion machine operators using his procedures are capable of developing the minimum
requirements specified for acceptable fused joints. This responsibility cannot be
delegated to another organization.

(b) The fusion machine operators used to produce such fused joints shall be tested
under the full supervision and control of the manufacturer or contractor during the
production of these test fused joints. It is not permissible for the manufacturer of
contractor to have the fusing performed by another organization. It is permissible,
however, to subcontract any or all of the work of preparation of test materials for fusing
and subsequent work on the preparation of test specimens from the completed fused
joints, performance of nondestructive examination and mechanical tests, provided the
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manufacturer, contractor, assembler, or installer accepts full responsibility for any such
work.

(c) This Supplement recognizes a manufacturer or contractor as the organization
which has responsible operational control of the production of the fused joints to be
made in accordance with this Supplement. If in an organization effective operational
control of the fusion machine operator performance qualification for two or more
companies of different names exists, the companies involved shall describe in the
Quality Control system, the operational control of performance qualifications. In this
Supplement requalification of fusion machine operators within the companies of such
an organization will not be required, provided all other requirements of this Supplement
are met.

(d) The Supplement recognizes that manufacturers or contractors may maintain
effective operational control of fusion machine operator Performance Qualification
(FPQ) records under different ownership than existed during the original fusion
machine operator qualification. When a manufacturer or contractor or part of a
manufacturer or contractor is acquired by a new owner(s), the FPS may be used by the
new owner(s) without requalification, provided all of the following are met:

(1) new owner(s) takes responsibility for the FPS,
(2) FPS reflect the name of the new owner(s), and
(3) Quality Control System/Quality Assurance Program reflects the source of
the FPS as being from the former manufacturer or contractor

QF-300.3 More than one manufacturer or contractor may simultaneously qualify one
or more fusion machine operators. When simultaneous qualifications are conducted,
each participating organization shall be represented during fusing of test coupons by an
employee who is responsible for fusion machine operator performance qualification.

The fusion procedure specifications (FPS) that are followed during simultaneous
qualifications shall be compared by the participating organizations. The FPS shall be
identical for all the essential variables. The qualified thickness ranges for base material
need not be identical, but these thicknesses shall be adequate to permit fusing of the test
coupons. alternatively, the participating organizations shall agree upon the use of a
single FPS provided each participating organization has a FPS covering the range of
essential variables to be followed in the performance qualification. When a single FPS
is to be followed, each participating organization shall review and accept that FPS.

Each participating organization's representative shall positively identify each fusion
machine operator who is being tested. Each organizational representative shall also
verify marking of the test coupon with the fusion machine operator's identification.

Each organization's representative shall perform a visual examination of each
completed test coupon and shall examine each test specimen to determine its
acceptability. Alternatively, after visual examination, when the test coupon(s) are
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prepared and tested by an independent laboratory, that laboratory's report may be used
as the basis for accepting the test results.

Each organizational representative shall complete and sign a Fusion machine operator
Performance Qualification (FPQ) Record for each fusion machine operator. Form QF-
200 has been provided as a guide for the FPS.

When a fusion machine operator changes employers between participating
organizations, the employing organization shall verify that the fusion machine
operator's continuity of qualifications has been maintained as required by QF-322 by
previous employers since his qualification date. If the fusion machine operator has had
his qualification withdrawn for specific reasons, the employing organization shall
notify all other participating organizations that the fusion machine operator's
qualification(s) has been revoked in accordance with QF-322.1 (b). The remaining
participating organizations shall determine that the fusion machine operator can
perform satisfactory work in accordance with this Supplement.

When a fusion machine operator's qualifications are renewed in accordance with the
provisions of QF-322.2, each renewing organization shall be represented by an
employee who is responsible for fusion machine operator performance qualification.
The testing procedures shall follow the rules of this paragraph.

QF-301 Tests

QF-301.1 Intent of Tests. The performance qualification tests are intended to
determine the ability of fusion machine operators to make sound fused joints.

QF-301.2 Qualification Tests. Each manufacturer or contractor shall qualify each
fusion machine operator for the fusing process to be used in production. The
performance qualification test shall be fused in accordance with qualified Fusion
Procedure Specifications (FPS). Changes beyond which requalification is required are
given in QF-322. Allowable visual and mechanical examination requirements are
described in QF-304. Retests and renewal of qualification are given in QF-320.

The fusion machine operator who prepares the FPS qualification test coupons meeting
the requirements of QF-200 is also qualified within the limits of the performance
qualifications, listed in QF-304 for fusion machine operators. He is qualified only
within the limits for positions specified in QF-330.

The performance test may be terminated at any stage of the testing procedure,
whenever it becomes apparent to the supervisor conducting the tests that the fusion
machine operator does not have the required skill to produce satisfactory results.

QF-301.3 Identification of Fusion machine operators. Each qualified fusion
machine operator shall be assigned an identifying number, letter, or symbol by the
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manufacturer, contractor or manufacturer or Contractor, which shall be used to identify
the work of that fusion machine operator.

QF-301.4 Record of Tests. The record of Fusion machine operator Performance
Qualification (FPQ) tests shall include the essential variables, the type of test and test
results, and the ranges qualified in accordance with Form QF-300 for each fusion
machine operator.

QF-302 Type of Test Required

QF-302.1 Mechanical Tests. All mechanical tests shall meet the requirements
prescribed in QF-133.

QF-302.2 Test Coupons in Pipe. For test coupons made on pipe in position 1 G of
Figure QF-105. The coupons shall be removed from the test piece in accordance with
Figure QF-133.1.

QF-302.3 Visual Examination. For pipe coupons all surfaces shall be examined
visually per QF-121 before cutting of bend specimens. Pipe coupons shall be visually
examined per QF- 121 over the entire circumference, inside and outside.

QF-304 Fusion machine operators

Each fusion machine operator who fuses under the rules of this Supplement shall have
passed the mechanical and visual examinations prescribed in QF-302.1 and QF-302.3
respectively.

QF-304.1 Examination. Fused joints made in test coupons for performance
qualification shall be examined by mechanical and visual examinations (QF-302.1, QF-
302.3).

QF-310 QUALIFICATION TEST COUPONS

QF-310.1 Test Coupons. The test coupons shall be pipe. Qualifications for pipe are
accomplished by fusing one pipe assembly in the IG position (figure QF-105). The
minimum pipe size shall be 6 inch NPS.

QF-320 RETESTS AND RENEWAL OF QUALIFICATION

QF-321 Retests

A fusion machine operator who fails one or more of the tests prescribed in QF-304, as
applicable, may be retested under the following conditions.

0
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QF-321.1 Immediate Retest Using Visual Examination. When the qualification coupon
has failed the visual examination of QF-302.3, retesting shall be by visual examination
before conducting the mechanical testing.

When an immediate retest is made, the fusion machine operator or fusing operator shall
make two consecutive test coupons for each position which he has failed, all of which
shall pass the visual examination requirements.

The examiner may select one of the successful test coupons from each set of retest
coupons which pass the visual examination for conducting the mechanical testing.

QF-321.2 Immediate Retest Using Mechanical Testing.

When the qualification coupon has failed the mechanical testing of QF-302.1, the
retesting shall be mechanical testing.

When an immediate retest is made, the fusion machine operator shall make two
consecutive test coupons which shall pass the test requirements.

QF-321.4 Further Training. When the fusion machine operator has had further
training or practice, a new test shall be made.

QF-322 Expiration and Renewal of Qualification

QF-322.1 Expiration of Qualification. The performance qualification of a fusion
machine operator shall be affected when one of the following conditions occurs:

a) When he has not fused with a process during a period of 6 months or more, his
qualification, for that process shall expire.

b) Any fusion machine operator who makes a fusion joint that fails hydrostatic test
will immediately lose his qualifications for fusion and be required to repeat the
training course as well as be requalified.

c) When there is a specific reason to question his ability to make fused joints that
meet the specification, the qualifications that support the fusing he is doing shall be
revoked.

QF-322.2 Renewal of Qualification

a) Renewal of qualification expired under QF-322.1 (a) may be made by fusing a
single test coupon and by testing of that coupon as required by QF-301 and QF-302.
A successful test renews the fusion machine operator previous qualifications for the
process for which he was previously qualified.
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Providing the conditions of QF-304 are satisfied, renewal of qualification under QF-
322.1 (a) may be done on production work.

b) Fusion machine operators whose qualifications have been revoked under QF-
322.1 (b) above shall requalify. Qualification shall utilize a test coupon appropriate to
the planned production work. The coupon shall be fused and tested as required by QF-
301 and QF-302. Successful test restores the qualification.

QF-330 FUSION ESSENTIAL VARIABLES FOR FUSION MACHINE
OPERATORS
QF-331 General

A fusion machine operator shall be requalified whenever a change is made in one or
more of the essential variables listed.

a) A change in pipe diameter from one range to another;

1) Less than 8 inch NPS,
2) 8 to 24 inch NPS,
3) over 24 inch NPS

b) A change in name of the manufacturer of equipment

c) The axis of the pipe is limited beyond the horizontal position +45'.
Qualification in any position other than horizontal qualifies the orientation
tested + 200.

QF-340 Testing

a) Test joints shall be 6 inch NPS minimum. A data acquisition device shall be attached to the
fusion machine and the data concerning the joint entered. The data acquisition device shall be
used to record data required by QF-122.

b) The supervisor conducting the test shall observe making of the butt fusion joint and note if
the FPS was followed.

c) The completed joint shall be visually examined and meet the acceptance criteria of QF-
121.

d) After the joint is complete, the data acquisition record shall be reviewed by the assessor
and compared to the FPS to ensure the proper procedures were followed.

e) Bend test specimens shall be removed, tested and meet the acceptance criteria in
accordance with QF-133.
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Appendix A
To

Supplement 9

Fusion Machine Operator
Qualification Training

Introduction

The major portion of the quality of PE piping systems is determined by the skills of the
fusion machine operators. When installing polyethylene (PE) piping, the quality of the
fusion joints is essential for the piping system.

It is important that the fusion machine operators are trained and competent in the fusion
technology employed in constructing PE piping systems. Continued competence of the
fusion operator is covered by periodic re-training and re-assessment.

Scope

This document gives guidance for the training, assessment and approval of fusion
operators in order to establish and maintain competency in construction of polyethylene
piping systems for pressure applications. The fusion joining technique covered by this
Appendix is butt fusion. This article covers both the theoretical and practical
knowledge necessary to ensure high quality fusion joints.

References

Plastics Pipe Institute (PPI) Technical Report TR-33/2005 "Generic Butt Fusion
Joining Procedure for Field Joining of Polyethylene Pipe

American Society of Testing and Materials (ASTM) D 2657-03 "Standard Practice for
Heat Fusion Joining of Polyolefin Pipe and Fittings"
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S ISO TR 19480 "Thermoplastics pipes and fittings for the supply of gaseous fuels or
water - Guidance for training and assessment of fusion operators"

Terms and Definitions

Butt Fusion Cycle
Pressure/Time diagram for a defined fusion temperature, representing the butt fusion
operation.

Drag Resistance
Frictional resistance due to the weight of the length of pipe fixed in the movable clamp
at the point at which movement of the moveable clamp is initiated (peak drag) or the
friction occurring during movement (dynamic drag)

Frictional Resistance in the Butt Fusion Machine
Force necessary to overcome friction in the whole mechanism of the butt fusion
machine.

Drag Pressure
The pressure required by the fusion machine to overcome the drag resistance and
frictional resistance and keep the carriage moving at its slowest speed.

0 Interfacial Pressure
The amount of force in pounds (lbs) per square inch of pipe area required to calculate
the fusion machine gauge pressure. The interfacial pressure is multiplied by the pipe
area in square inches to determine the amount of fusion force (lbs) required to fuse the
pipe. This force is divided by the total effective piston area of the hydraulic fusion
machine to determine the theoretical gauge pressure to set on the fusion machine. The
Drag pressure must be added to this pressure to determine the actual gauge pressure
required for fusion. The interfacial pressure usually has a range (example: 60-90 psi)
and the common practice is to use the mid-range (example: 75 psi) when making these
calculations.

Heater Surface Temperature
The temperature, in degrees F, of the surface of the coated heater is critical to the butt
fusion process. It is usually expressed as a range (example: 400 - 4500 F) and the
common practice is to set the average surface temperature at the mid-range (example:
425- F).

Heater Bead-up Size
In the heating cycle, the pipe is brought against the heater and the force is dropped to
the soak cycle. During this cycle, a bead of polyethylene is formed between the pipe
end and the heater surface on both sides. When the bead-up size reaches the size
established in the FPS, it is time to open the carriage and remove the heater.
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Cool time under Pressure
In the fusion process, the theoretical fusion pressure plus drag pressure is applied
between the pipe ends. This pressure must be maintained until the fusion joint is cool to
the touch. This time is approximately 30-90 seconds per inch of pipe diameter.

Fusion Machine Operator
Person trained to carry out fusion joining between polyethylene (PE) pipes and/or
fittings based on the Fusion Procedure Specification (FPS).

Fusion Operator Certificate
Approval certificate issued by the examiner/assessor stating the knowledge and the skill
of the fusion operator to produce fusion joints following a given fusion procedure.

Fusion Procedure
A document providing in detail the required variables for the butt fusion process to
assure repeatability in the butt fusion procedure (FPS).

Data Acquisition Record
A detailed record of the times and pressures used in the fusion process along with the
heater surface temperature, employee information, fusion machine information, pipe
information, date and time for a permanent record of each joint made.

Training

Training Course

A trainee fusion operator for PE systems should follow a training course in order to
obtain a fusion operator certificate for PE pipes. The course should cover all aspects of
the butt fusion process including safety, machine evaluation and maintenance, machine
operation, FPS guidelines, pressure and temperature setting, data log device operation
and set-up, in-ditch fusion techniques, visual inspection guidance, and data log record
evaluation. The minimum course duration is 24 hours.

The course will be delivered by a competent qualified trainer with a minimum of 3
years of experience in the butt fusion processes and who has mastered the techniques
involved.

The trainer should have a range of fusion machines representative of the equipment
encountered on worksites for installing pipes, in order for the trainee fusion operator to
become acquainted with the fusion equipment commonly used. The trainee fusion
operator may be trained on one of these fusion machines or on a machine from his own
company if accepted by the training center. The fusion equipment must comply with
the fusion machine manufacturer's specifications and/or ISO 12176-1 "Plastics pipes
and fittings - Equipment for fusion jointing polyethylene systems - Part 1: Butt
fusion ".
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Operator Assessment

The trainee fusion operator who has followed a training course as described above
should then pass a theoretical and practical assessment in order to be qualified as a
fusion operator for PE systems. The assessor should not be the trainer but should have
the same assessment qualifications as the trainer shown above.

Training Curriculum

The training course should comprise of any combination of fusion packages based on
the requirements of utility or pipeline operators. Theses packages may be given as
individual modules or combined to suit requirements. The course shall include safety
training related to the fusion process and equipment.

The training should be provided by a trainer having the qualifications as described
above.

All consumables and tools necessary for the training package should be available
during the training session. The pipes and fittings to be used shall conform to the
ASTM product forms permitted by this Supplement.

The lessons should be designed so that the trainee fusion operator learns to master the
fusion technique and attains a good working knowledge of the piping system materials
and practical problems encountered when fusing pipe in the field. The fusion operator
should receive a written manual covering all the elements dealt with in the training.

The theoretical course should deal with general information in connection with raw
materials, pipes and fittings, and also with theoretical knowledge about preparation,
tools, and devices, joining components, different materials, different diameter ratios
and correct and incorrect parameters. The safety course should include information
concerning the fusion process, such as protective clothing, general safety, regulations
for electrical equipment, handling heater plates, etc. Areas of study should include but
not be limited to the following:

Butt fusion joining
* Principles of fusion
* Straight/coiled pipes, service lines, main lines, etc.
" Components: pipes, flange adapters saddle fittings, other fittings
" Butt fusion equipment: manual, semi-automatic and automatic machines.
" Joint preparation: Cleaning, rounding, alignment, facing, etc
" Butt fusion cycle: pressure, time and temperature relationships, diagram.
" Failure modes: understanding and avoiding possible screw-up
* Test methods: visual inspection, high speed tensile-impact test, bending test,

hydrostatic test, data log recording / evaluation, etc.

Butt Fusion Joining
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The trainee fusion operator should be familiar with the butt fusion joining technique
and procedure (FPS) by making a sufficient number of butt fusion joints. In some
cases, the fusion technique may vary slightly according to diameter, material or other
factors. In such cases, the trainee fusion operator should also be made familiar with the
various techniques.

The trainee should start by making a butt joint between two pipes, and should then
learn to make butt fusion joints with pipes and fittings such as tees, reducers, etc.

The trainee should learn how to detect and avoid typical fusion defects.

The trainee should learn how to assess the quality of a butt fusion joint by doing a
visual inspection of the butt fusion joint and comparing it to the visual guidelines
published in the pipe manufacturer's heat fusion joining procedure booklet. The trainee
should also compare the data log record to the FPS to ensure the proper parameters and
procedures were followed in the butt fusion process.

Assessment

Fusion Operator Certificate

Training program should end with a theoretical and practical examination (test piece).

The content of the theoretical examination shall consist of not less than (20) multiple
choice questions about the butt fusion process, fusion machine operation, pipe, quality
inspection, safety, etc. within a set period of time. A score of 80% or better is
considered passing on this examination. Questions to be included but not limited to are:

How do you calculate the fusion machine gauge pressure?
What is the proper heater surface temperature range from the FPS?
What is the proper butt fusion interfacial pressure range from the FPS?
How do you calculate the drag pressure?
How do you know when to remove the heater in the heating cycle?
How long do you leave the pipe ends together under pressure in the cooling cycle?
What is the difference between IPS pipe and DIPS pipe?
How do I determine the hydraulic fusion machines total effective piston area?
How is the total effective piston area of the fusion machine used to determine the
fusion machines gauge pressure for a specific pipe?
How do you adjust the machine to improve the alignment of the pipe after facing?
How much material should be removed from the pipe ends in the facing operation?
How do you determine if the fusion machine conforms to the equipment
manufacturer's specifications?
How do you align the pipe in the butt fusion machine?
Can you butt fuse pipe in a ditch?
What is interfacial pressure?
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The practical examination will require the trainee fusion operator to make a fusion joint
with a hydraulic butt fusion machine with a minimum pipe size of 6" IPS DRI I . A
data logging device must be attached to the fusion machine and the data concerning the
joint entered. The data log device shall be used to record the joint made by the trainee.
The assessor shall observe the butt fusion joint and note if the proper procedure (FPS)
was followed. After the joint is complete, the data log record shall be reviewed by the
assessor and compared to the FPS to ensure the proper procedures was followed. The
assessor will then conduct a visual inspection of the joint to make sure it satisfies the
pipe manufacturers recommend visual guidance criteria per section 5321 of this Relief
Request.

If a data log device is not available, the assessor will manually record the butt fusion
parameters used in the butt fusion process. This should be compared with the FPS to
ensure they agree.

Trainee fusion operators who pass the theoretical and practical examination would
receive a fusion operator certificate bearing the logo of the assessment center awarding
the approval. The fusion operator certificate should state the technique or techniques
and fusion machines for which the operator is qualified.

Re-assessment

If the trainee fails one of the examinations, he should retake it after a period not shorter than one
week. If the trainee fails the examination for the second time, the trainee should repeat the training
course before taking the test again.
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*Appendix A
Analysis for Catawba Piping

Al Background

Appendix A contains an illustrative example of the design and analysis method for this Relief
Request. The work in this appendix was performed by Stevenson and Associates and is similar
to the work contained in Appendix E of EPRI Report Number 1013549 (Stevenson & Associates
Report 3527-RPT-001). This section provides an illustrative example of the design and analysis
of two of the four buried intake PE piping lines addressed by this Relief Request. This analysis
is based on rules presented in the current draft of the proposed ASME BPVC Code Case N-755.
In addition the piping is analyzed using design criteria similar to those presented in EPRI Report
Number 1013549 (Stevenson & Associates Report 3527-RPT-001). The design criteria used are
included as Appendix C of this Relief Request. The main difference between this work and the,
work of EPRI Report Number 1013549 is the issue year of the ASME Boiler and Pressure Vessel
Code used in the analysis and qualification. The analysis work contained in EPRI Report
Number 1013549 is based on the 2004 Edition of the ASME BPVC. The USNRC has not
accepted the ND-3600 seismic design rules in any editions of the Code after the 1993 Addenda
to the 1992 Edition of the Code. This non-acceptance is based on issues with the Level B (OBE)
stress limits. Therefore, it was decided to conduct the qualification analysis for this relief request
in accordance with the 1989 ASME Boiler and Pressure Vessel Code. This Edition was selected

* because (1) it has been accepted by the USNRC in total in 10CFR50.55(a), (2) it was issued prior
to the changes that incorporated the ND-3600 seismic design rules to which the USNRC has
taken objection and (3) it was issued prior to the reduction in the factor of safety from 4 to 3.5 on
ultimate stress used in the determination of the Code allowable stress. The other two intake lines
and the four discharge lines will be analyzed using the same methodology.

Catawba Nuclear Station is planning to replace the (1) buried nuclear service water supply lines
piping from the 42 inch supply header to the Unit 1 and Unit 2 Diesel Generator Buildings and
(2) the buried nuclear service water discharge lines from the Diesel Generator Buildings to the
42 inch main discharge header. Twelve inch PE piping is to be used as a replacement of the
existing 10" carbon steel pipe and the elevation of the new piping runs is to be at least five feet
below ground level. Appendix A contains the analyses for two of the four 12" piping runs from
the 42" supply header to the Diesel Generator Buildings (Unit lA and Unit 2A).

The analysis simultaneously considers the buried piping from the 42" header to the DG building
wall and a sufficient length of the above ground extension in the building to account for any
possible interaction effects. A computer analysis is conducted to analyze the buried PE piping
for seismic and temperature effects and also to evaluate the effect of the piping modifications on
the existing above ground piping inside the diesel buildings. The 10" carbon steel piping enters
the diesel building at an elevation about 18 feet higher than the existing piping. It is therefore
necessary to drop the new piping down to the original level and cut the existing piping to connect
the new piping in the Diesel Building. The existing buried piping section is capped off and left
in place. It is assumed that the effects of the new piping on the 42" header are negligible,

* therefore the 12" supply line piping is considered anchored at the header. After the pipe leaves
the header, it is routed to an elevation of about 6 ft below ground. A transition from 10" carbon
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steel to 12" PE piping is made. The piping remains at the same level, eliminating the previous
changes in elevation. Before the piping enters the Diesel building, the transition back to 10"
carbon steel pipe is made. The piping model continues into the Diesel building where the new
piping is connected to the existing piping. The model includes a section of the 10" piping inside
the building.

This analysis uses the ADLPIPE computer code. Other programs, such as CAEPIPE or
AUTOPIPE could also be used. The ADLPIPE solver analyzes complex piping systems
subjected to static and dynamic loads. The piping stresses are computed in accordance with the
1989 Edition of the ASME Boiler and Pressure Vessel Code, Subsection ND, Article ND-3600.
This computer analysis differs from previously conducted piping stress analyses, because PE, a
polymer material not currently approved by the Code, is used for the buried piping section. In
the past, computer stress analyses were performed on steel, cast iron or other metal piping only,
with the material properties obtained from the appropriate ASME piping codes. However PE is
not an ASME code approved piping material and the properties are not found in the code. The
material properties of PE are also very different from metal properties, with a much lower
modulus and material strength. PE piping has material properties that change depending on the
load duration.

The following sketch shows an overall plan view of a section of the 42" supply header and the
two supply lines to the North and South Diesel Buildings. More detailed sketches of the two
analyzed lines are found in Sections A4 and A5. The orientation of the plan view corresponds to
the plan view of the piping layout drawing CN-l1345-02 Rev22A.
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A2 General Analysis Inputs

The analysis inputs in this section are applicable to both analysis runs.

A2.1 Properties

For this analysis, the carbon steel pipe dimensions (OD, thickness) and the weight were taken
from standard piping guides (NAVCO Piping Catalog, 10 th Edition), based on drawings CN-
1493-RN.00-042, Rev. 4a and CN-1493-RN043, Rev. 1 for Unit 1 and CN-2493-RN.00-039,
Rev. 9a and CN-2493-RN040, Rev. 7a for Unit 2.

For the Iron Pipe Size (IPS), PE pipe, the dimensions (OD and Thickness) were taken from
ANSI/AWWA Standard C906-99. The weight per unit length is derived from manufacturer's
information. The IPS sizing system is used because the actual IPS PE pipe OD corresponds to
the actual cast iron pipe and carbon steel OD for the same nominal pipe size. The back-up rings
for the IPS flange adapters are designed to line up with 150 lb ANSI B 16.5 steel flanges.

The temperatures and pressures are from drawings CN-1493-RN.00-042, Rev. 4a and CN-1493-
RN043, Rev. 1 for Unit 1 and CN-2493-RN.00-039, Rev. 9a and CN-2493-RN040, Rev. 7a for
Unit 2.
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Table A-1
Design Inputs

I.
Pipe

10" CS
2. PE Pipe

3.
Line

1" Vent

A106, Gr-B PE 3408 PE SS

10", 12" 1"

Standard DR-11 Sch. 40

10.75 12.75 1.315

0.365 1.16 .133

Water Water Water

34.2 36.2 .37

40.5 18.41 1.68

1" Fiberglass(4)
+

Insulation weight 2.3

Design Temp (OF) 100 100 100

Maximum Temp (OF) 100 100 100

Design Pressure (psig) 115 115 115

Operating Pressure 115 115 115

S• :(psi) 15000 (1) 15000(2)

Sh (,psi) (at mnax. temp') 15000 (1) 15000(2)

Notes:
(1)
(2)
(3)
(4)

Varies with temperature and load case. Properties listed in tables that follow.
Properties for CS used. SS section is very short and insignificant.
Weight taken as 9 lb/ft3 from NAVCO Catalog, 10th edition
Above ground piping only
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The following properties, E and a, were taken from a previous version of ASME BPVC, and
allowable stresses for the carbon steel were taken from the ASME BPVC, Section II, Part D
(1989 Edition).

Table A-2
A-106 Carbon Steel Properties - All Load Cases

Temp 38 80 89 100

a 5.99E-6 6.09E-6 6.12E-6 6.14E-6 in / 0 F

E 28 27.9 27.9 27.8 ksi

SM 20,000 20,000 20,000 20,000 psi

SY 35,000 35,000 35,000 35,000 psi

S 17100 17100 17100 17100 17100

AT -32 10 19 30 OF

The properties for the PE piping are taken from the values presented in section 3000 of the Relief
Request. The values for the modulus E are found in Table 3031-3, Poisson's ratio in Section
3042.1, the allowable long term stresses in Table 3021-1, and the allowable short term stresses in
Table 3035-3. The coefficient of thermal expansion, at, that is used is typical for polyethylene
piping and is 9 x 10-5 in/in/°F. It is noted that the PE properties vary with the load case, as the
load duration varies from short term to 50 years. A load duration of 50 years is used for
deadweight and thermal stress analyses and short term duration for OBE, SSE and the equivalent
thermal strain analysis.

Table A-3
PE Properties - 50 Year Load Duration - Load Cases 10, 21, 22, 23

Temperature 38 70 89 100

a 90 E-6 90 E-6 90 E-6 90 E-6 in / 0 F

E 39 28 25 23 ksi

S 960 800 670 600 psi

v 0.45 0.45 0.45 0.45 in/in

AT -32 0 19 30 OF
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. Table A-4
PE Properties - Short Term Load Duration - Load cases 24, 31, 32

Temperature 70 80

A 90 E-6 90 E-6 in /0 F

E 115 107 ksi

SO) 1200 1110 psi

N 0.35 0.35 in/in

AT 0 10 o F

(1) The short term allowable stresses are taken from the Draft proposed ASME code case N-755, Table 3035-3

A2.2 Transition from Steel to PE Pipe

There is a transition from 10" steel pipe to 12" PE pipe at the'42" header and from PE back to
steel pipe before the pipe enters the diesel building. The carbon steel piping is cut and a reducer
is butt welded to the pipe to change the nominal diameter from 10" to 12". Then a 12" 150-lb
ANSI B 16.5 steel weld neck flange is installed. On the PE side, a flange adapter is fused to the
PE pipe. A special back-up ring is slipped over the PE flange adapter. This back-up ring has the
same bolt pattern as the 150 lb ANSI B 16.5 steel flange.

* The carbon steel components of this transition are modeled using the Laddish catalog standard
dimensions. The PE pipe is modeled based on the dimensions given in manufacturer's catalogs,
in this case Independent Pipe Products. The pipe properties were changed at the transition to PE
and again at the transition back to carbon steel.

A2.3 Modeling of PE Elbows

The piping routing includes 450, 900 and 30' PE elbows. These elbows are modeled as mitered
bends. The 900 mitered bend has 5 segments, the 450 mitered bend 3 segments and the 300 miter
bend is modeled as two segments of a 450 mitered bend. The 450 and 300 mitered bends are
assumed to consist of 2 or 3 equal segments. The 900 mitered bend is modeled according to the
manufacturer's catalog specifications.

The following sketch shows how the miter bend angles for the 900 mitered bend are determined:
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Figure A-2
Five-Segment Mitered Elbow

A2.4 Special Stress Intensification Factors

The ADLPIPE program automatically calculates SIFs and stress indices based on the 1989 Code
year for the piping components. The 10" carbon steel piping has butt welded fittings. At the
flanged connections to the valves, a SIF of 2.0 is input. The analysis complies with the 1989
Class 3 ASME Code. The PE elbows are segmented, mitered bends. The buried PE piping
evaluation criteria is not programmed into the ADLPIPE computer program and these
calculations are done by manual calculations or by manual calculations using data extracted from
the ADLPIPE output.

For the PE buried piping, the straight pipe and butt weld SIFs and B indices are i=1.0, Bl=.5 and
B2 =1.0 which are the ADLPIPE default values. For the miter bends, i=2.0, B1 =.69 and B2=1.64
were input. B1 and B 2 are per Table 3035-1 and i is from Table 3042.2-1.
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A2.5 Soil Springs

The buried section of the piping is subject to loads from the earthquake, temperature and
surrounding soil. These loads are calculated per Appendix B of this Alternate Material Request
and the soil spring stiffnesses are used in the analysis. Appendix B was prepared by Stevenson
and Associates. The spring stiffnesses are based on the local coordinate system of the pipe, in
the axial, vertical and transverse direction. The soil springs are input at every 10 ft of the run
pipe and every 2 ft in the influence area around the elbows. This corresponds to approximately
10*OD and 2*OD, respectively. In the ADLPIPE program, the soil springs are modeled by first
creating three short members in the orthogonal directions to the pipe. The members are anchored
at the endpoint and the appropriate stiffness is applied to the member. The stiffnesses are
calculated in the axial, transverse and vertical direction.

The soil spring stiffnesses are calculated in the MathCad files that follow.
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Calculation of Soil Springs

The total spring stiffness is calculated as the pipe ovaling spring and the soil ovaling spring in series
using equation (1.1) from Appendix A.
First, the parameters for the calculation are established as follows:

lb
ksi a 1000. -l

.2
in

HDPE Pipe Properties:

Do:= 12.75. in

Di:= 10.293- in This is the average ID from Manufacturers literature

DR:= 11

E := 43.7. ksi For 73 Degree F, 1000 hours:

Soil Properties:

From Table 5.4, for fine grained sands with soil compaction >95%:

E':= 2 ksi

Soil Density:
The soil compaction at Catawba is about 96%.
From the Catawba UFSAR 2.5.4.2.4.2, assume:

lb
w := 105. -l Specific Weight of Soil

ft
3

105 lb
w:= -1728 . 3

in

H := 72. in Height of Soil above Pipe

Per the UFSAR section, the predominant soil at the site is silty, fine to medium sand. All constants
affected by soil consistency will be based on fine sand, for an H/D o of 72"/12.75" = 5.65.

Soil Constants:

5 := 0.65

K0 := .75

Nqh := 20

Nqv := 4.5

Nq := 65

NY := 80

L:= 1.5

K:= 0.1

ý:=400

Friction Angle factor for fine grained sand. Average of values given in Table I-1
of Appendix A

Coefficient of Soil Pressure at Rest, average of values given in Table I-1 of Appendix A.

Horizontal bearing capacity factor for sand (Figure 1-2(a) of Appendix A)

Vertical up bearing capacity for sand. Estimated from Figure 1-4 of Appendix A

Downward bearing capacity factor I for sand, Figure 1-3 of Appendix A.

Downward bearing capacity 2 for sand. Estimated from Figure 1-3 of Appendix A.

Deflection Lag Factor (recommentation in Section B.2.2, Appendix B)

Bedding Factor (recommentation in Section B.2.2, Appendix B)

Soil Friction Angle for fine grained sand
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Calculate horizontal and vertical ovaling loads (Equation B.1 a of Appendix B). Note the results are in lb/in^2.
When multipied by the effective length of the pipe, the result will be lb/in.

F3  ' D+ 0.061.

22 3 DR l 1 . DoDi _=• K • L

Kh = 2 .496x 103 lb

.2
in

Kv:= Kh

Calculate soil reaction for sand according to Table 1-1, 1-2 of Appendix A:

Transverse spring:

ft:=Do. w. H. Nqh ft = 1.116x 103 lb
in

dt := (H + - • .06 dt = 4.702 in average in Table I-I of Appendix A

lb
- = 237.241-
dt in 2

ftKit := --
dt

Axial Spring:

fa :=K Do wi -Hw -H I + KO).- .488

da:= 0.15- in

fa lb
-- = 498.855--

da in2

(average )
lb

fa= 74.828 -l

in

fa
Kia := -

da

Vertical Down Spring:

fd:= w- H- Nq Do + w. Do2 2NY 3 lb
fd = 4.021x 10 -

in

dd := .15 • Do

fd 2 2.102x 103-1b

dd in2

dd = 1.912in
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Vertical Up Spring:

fu:= Do" w. H Nqv fu = 251.016 -

in

du:=.015. H du = 1.08in

f = 232.422-

The total vertical soil spring is conservatively taken as the average of the vertical up and down.

Kiv (u2 Kiv = 1.16 7 x 103 lb

.2in

The final values of the soil springs applied in the computer analysis depend on the length of the piping sections
where they are applied. The procedure suggests lengths of 2D around the elbows and lengths of I0D to 20D for
the remainder of the piping.
Per Appendix C, the soil springs and the ovaling springs act in series. The ovaling loads are only applied
transverse to the pipe, i.e. laterally and vertically.

LiI := 12- in Li2 := 24. in L14 := 120. in Li5 := 72- in 1i-6:= 4 8 . in

Spring rates in the lateral direction

Kh- Kit
Khl2 := - 'IK (Kh + Kit)" Li

Kh" Kit
Khl20 := (Kh + Kit) Li4

Kh' Kit
Kh24 := (Kh + Kit) Li2

Kh" Kit
Kh72 := (K - Li5

(h + Kit)

Khb Kit
Kh48 := (Kh + Kit) "i

Khl2 = 2.6x 103 lb
in

Kh120 = 2.6x 104 lb

in

Kh24=5.2x 10 3lb

in

Kh72 = 1.56x 104 lb

in

Kh48 = 1.04x 104 lb

in
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Svrina rates in the vertical direction:

(Kv + Ki,)

Kv -Ki
Kvl20:=TK Lj4

(K + Kiv)

Kv72=-K Lj5
(K + Kiv)

Kv24= -L-K
(K + Kiv)

Kv48 L=j(K 1
vK + Kiv)

Kv12 = 9.545x 103 lb

in

Kv120 = 9.545x 104 lb

in

Kv72 = 5.727x 104 lb

in

Kv24 = 1.909x 104 lb

in

Kv4 8 = 3.818x 104 lb

in

Spring Rates in the axial direction:

Kal2:= Kia. Lil

Kal20O:= Kia. Li4

Ka72 := Kia Li5

Ka24:= Kia i2

Ka-2 = 5.986x 103 lb
in

Ka120 = 5. 9 86 x 104 lb

in

Ka72 = 3.59
2 x 104 lb

in

K 4 -= 1.197x I04 lb

in

Determine influence length where soil springs are applied every 2D (2 ft):

4 4Do4 _ Di4
I :=nit

64

4

43 : t. )

1 = 746.229in4

13 = 0.794f11

L1 = 35.624inL 4 := 4"!
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S A2.6 Seismic Anchor Motions

The piping enters the Diesel Generator Building. According to information provided by CNS,
the maximum seismic displacement (OBE, SSE) of the Diesel Building is less than .003 inches
or 1/256 in. This is considered insignificant for this analysis and a seismic anchor motion
analysis was therefore not conducted.

A2.7 Geometry Features

The geometry of the piping run is defined based on the existing structural and mechanical plant
drawings. The plan view of the buried piping is shown on Drawing CN-1345-02, Rev. 22A and
the elevation section views are from CN-1345-02, Rev. 22A and CN-1345-03, Rev. 7. The 10"
existing piping is to be replaced by 12" PE piping. The new piping for the most part follows the
previous routing shown on the plan view of the Nuclear Service Water piping system. The
existing piping is subject to several elevation changes and enters the building at about 24 feet
below ground. The new piping is assumed to run about 6 ft below ground level with no changes
in elevation. Some modifications were required to the plan view routing to accommodate the
concrete access shafts to be built where the piping taps into the 42" header and where it enters
the diesel buildings. Also, PE mitered elbows are available for 30 degree, 45 degree, 60 degree
and 90 degree turns. The routing of several piping segments was therefore adjusted so these
standard elbows could be used.

The new piping enters the diesel building 6 ft below ground level or about 18 ft above the
* existing piping. A large drop inside the building was therefore necessary to tie into the existing

piping. A vertical trapeze type and a two-way horizontal pipe support were added on the new
vertical piping section. The existing piping is cut and the new piping is linked to it. The piping
model is then continued and a section of existing piping assumed to be possibly influenced by
the replacement piping is modeled. The location of the existing pipe supports is determined from
the plant isometric drawings. Several butterfly valves are located on the piping section inside
the Diesel building and their location is determined from the isometric drawings. The isometric
drawings are identified in each of the two sample analyses. The weights and lengths for the
valves are obtained from the valve drawings. The valve drawings are also listed in each of the
two sample analyses.

Sketches for the two piping runs are also included in the two sample analyses (section A4 and
A5).
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A2.8 Seismic Response Spectra

This is the OBE 2% damping seismic response spectrum for the Diesel Building provided by
CNS:

018 -B000YO20 G VERTICAL RESPONSE SPECTRA, ALL, %D#0.02<

0.4 -

0.3 • - - . .- T 4 I- • T T .;IK ,T,:I;.

. I I I , I I I { I " I I . JI .I
0.2

0. - I I tl - - - - - - - - - -I,' ! ' ~ ~ ~ ]
-€'I

0.0-
0.10 1.00 10.00 100.00

Frequency (Hz)

Figure A-3

CNS Vertical OBE Response Spectrum

The input spectra for the analysis are developed as follows:

OBE:

Frequency (1/see) 0.25 3.50 9.01 33.33 100

Acceleration (g) 0.031 0.324 0.283 0.080 .080

SSE is 2.0*OBE

Frequency (1/see) 0.25 3.50 9.01 33.33 100

Acceleration (g) 0.062 0.648 0.566 0.160 0.160

Accelerations in the horizontal directions are 1.5*vertical.

The seismic analysis of the combined system was conducted as follows:

(a) Multiple Input Response Spectra (MIRS) modal analysis was conducted for both the
OBE and SSE case. The above spectra were input for the above ground piping in the
Diesel Generator Building and a null spectrum (a spectrum with zero spectral
acceleration) was input for the buried pipe. The independent support motion capabilities
of ADLPIPE were utilized to obtain the interaction between the above ground and buried
portion of the piping. Intermodal and Interspatial combinations were by the Square Root
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Sum of the Squares (SRSS) and closely spaced modes were not considered. Intergroup
combinations were by SRSS. The combination of the equivalent seismic (thermal) and
response spectrum (with null spectrum) analysis results were performed by SRSS.

(b) For the buried pipe, an equivalent AT was calculated per Supplement 3 to the Relief
Request. This AT was then applied to the buried piping section only. The actual detailed
determination of the AT was per paragraph 3653.2 of Relief RequestAppendix C.

(c) The results from (a) and (b) were then summed by SRSS to obtain the total seismic
response of the combined system.

DG Building Seismic Anchor Motions (SAMs) provided in Calculation CNC-1206.02-84-0001
are .003" and are therefore negligible. The interaction effects between the buried and above
ground piping are included in the seismic analysis method.

A2.9 Load Cases

The following table lists the basic ADLPIPE load cases and conditions analyzed:

Table A-5
ADLPIPE Single Load Cases

Load Type DW+P Thermal Thermal Thermal Thermal Seismic Seismic

Expansion Expansion Expansion Expansion(1) OBE(2 ) SSE12
1

Load Case 10 21 22 23 24 31 32

Note:
(1) This represents the equivalent thermal growth for seismic wave propagation strain. A AT will be
determined by hand calculations based on this strain and used in the Load Case 24 thermal analysis.
(2) This is the response spectrum analysis (with a null spectrum for the buried pipe) to account for the
interaction between above ground and buried piping.

The results of the basic load cases are then combined into the following combination cases:

Table A-6
ADLPIPE Combined Load Cases

Single Load Cases Range (21, 22, 23) SRSS (31, 24) SRSS (32, 24)

Combination Load Case 25 51 52

A2. 10 Analysis of the Above Ground Carbon Steel Piping

The piping analysis for the above ground steel piping complies with the 1989 Edition of the
ASME BPVC. The basis of the selection of this Code year is given in Section Al..

These combination cases are used to prepare stress summaries per Equations (8) thru (11) from
Section II, Subsection ND, Article ND-3600 of the 1989 Code:
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Table A-7
Acceptance Criteria for Above Ground CS Pipe

Load Combination Allowable Stress for Allowable for Al 06 Gr.
Carbon Steel Piping B (psi)

Level A - Equation 8 P+DW 1.5*Sh 22,500

Level B - Equation 9 P+DW+Occasional(2) 1.8* Sh 27,000

Level B - Equation 9(1) P+DW+OBE 1.8* Sh 27,000

Level B - Equation 10 TH 1.0* SA 22,500

Level B - Equation 11 P+DW+TH Sh + SA 37,500

Level D - Equation 9(1) P+DW+SSE Lesser of 3 *Sh or 2*Sy 45,000

Footnotes:
(1) For D0/t <50.

(2) The only occasional load is OBE seismic.

A2.11 Analysis of Buried PE Piping

The buried PE piping is evaluated by hand calculations according to the Section 3000 of the
Relief Request. These calculations only depend on design conditions, pipe size, soil properties,
and soil loads. They are applicable to both analyses. The calculations requiring the input of
geometry specific loads calculated by the computer analysis are contained in Sections A4 for the
Unit 1 analysis and A5 for the Unit 2 analysis. The hand calculations specify the design criteria
for the PE piping and they will therefore not be repeated here.

0
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A3 Hand Calculations

The hand calculations in this section are applicable both analysis runs.

Define Variables:

lb
SI00L:= 6 2 0. -

.2
in

lb
S70L := 800.-

.2
in

lb
Epipe50y := 28000. -.2

in

lb
EpipelOh := 58000.-

.2
In

lb
Esoil:= 2000. -

.2
in

ft
Vs := 2000- --

sec

lb
yp :=4.55. -

in

•k:= i.0

Allowable stress at 1000 F

Allowable stress at 700 F

Elastic Modulus at 700 F, 50 yr load duration

Elastic Modulus at 700 F, 10 hr load duration

(Note: Fsoi is F)

Shear Wave Velocity

Weight/ft of pipe and contents (36.2+18.41)/12=4.55 lb/ft

Seismic Wave Curvature coefficient for Rayleigh
waves

lb
P:= 115- - Ps := 480000. lb H:= 6. ft

. 2 n = 3.142
in

lb
ysoil := 10 5 . - L:= 1.5 Kbed:= 0.1

ft
3

D := 12.75. in Di := 10.29. in Di is the average ID from manufacturers literature

t:= 1.16. in DR:= 1l 1
tD := .00009. - Vr := 0.5

R

PGA:= 0.4. g PGA is taken from Sheet 70, "Nuclear Service Water Buried Pipe Seismii
Analysis", 19 Nov 8 1, for Group 1 Backfill 40% g.

Additional variables are defined where used
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Section 3021.1 - Minimum required wall thickness

D
tmin:= P" (2. S100L + P tmin = 1.082in

Section 3031 - Ring Deflection

Calculate trench loads from Eq. 29 in Appendix A:

PeY:= soil" H Pe = 4.375 lb

.2
in

Calculate transportation loads from Eq. 30 in Appendix A:

Above equation assumes a contact length of 36". Alternatively the loading, PL may be conservatively
calculated for a particular traffic load, Ps, by projecting the surface load at a 45 0 angle from the surface load
to an elevation at the centerline of the buried piping. The impact factor, F and reduction factor R described
above should also be applied to obtain the final pressure at the crown.

The effective area is based on two 2 1/2 ft wide tracks, centerline to centerline of tracks 6 ft, a 20 ft contact
length and 6 1/2 ft pipe centerline depth as shown on the following sketch:

L , . ecr "

- ~ I

I1--------------- I
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1.5
PL:=2Ps 33. ft. 19- ft

lb
PL = 15.949 ---

.2
in

Fs:= 1

Mathcad automatically converts units. Conversion factor of 144 not needed for the following equation.

0 ~1 :

f2 :

(Kbed• L Pe)
2 • Epipe50y I + 0.061. Fs •Esoil

(Kbed PL)

2. EpipelOh ( 1I
3 ( DR- 1) +0.061. Fs Esoil

-4

Esoil = soil modulus for > 95% compacted, fine
grain soil =2000 psi

Fs = soil support factor from Table 3031-2.
Taken as 1.0 for Bd/D = 5.6. Bd is the trench
width assumed as 6 ft.

0 1 =3.3x 10-4
02 = 3.999x 104

f I + 02 = 7.299x 10 4 which is less than Qmax = 5% or .05.

Section 3032 - Sidewall compression

Mathcad automatically converts units. Conversion factor of 144 not needed for the following equation.

(Pe + PL) . DR
2

lb
fs w = 1 1 1 .7 8 2 - --

. 2
in

This is less than the allowable of 1000 psi.

Section 3033.1 - Buckling due to external pressure

Mathcad automatically converts units. Conversion factor of 144 not needed.

2

(Pe+ PL + Pgw ) -<2.8. Rp ' Bb Es 12.Epipe(5R 5 ) 32

0
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lb
PgwO:= 0- lb Hgw:= 0 • ft. 2

In

Rp :I - 0.33- Hgw

H

Redefine H in feet to use equation correctly: HUI := 6

1
Bb + 4 exp(-0.065. Hu)

(Pe + PL + Pgw)= 2.927 x 103 lb ft-2 (Pe + PL+ Pgw) = 20.324 lb

.2
in

2

2.8* [Rp - Bb" Ei" pipe50y - 2 99.329 lbOK

12 -(DR 1)3 in2

Section 3033.2 - Effects of negative pressure

AP fo 2Epipe0 
( 1 )3

2 ( 1  2) DR- I

use short-term value)v := .35

fo .64 assuming 5% deflection

f, 2 EpipelOh 1 )3 = 02lb

2 v2_ ) DR- I 4 n2 2

AP may not exceed 42 psi.

Section 3034 - Flotation

D
Ww < Wp + Pe -1-

12

lb t. (12.75. in)2 in lb

Ww:= 62.4 -.. . 12- n Ww= 55.326-l

ft 3 4 ft ft
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lb
W := 18.41 - ft

D lb
Wp + Pe - = 74.191- 55 psi <74 psi OK

12 ft

Calculation of Ring Bending Strain Limits per Section 3681.7:

Per Eq. 44, Appendix A:

6.4. t. AX khi" Sh

DIM
2  E

Dm := D - 1.06. t

AX:= (0 1 + Q2)" Di

For long term load duration and 70 Degree F:

khii:= 1.0

Dm = I 1.52in

I-3,AX=7.51× 10 in

lb
$70L:= 800 -. 2

in2
4Ilb

Epipe50y = 2.8 x 10 -lb

.2
in

6.4. t • AX -4

=4.201x 10
Di2

khi- S70L
- 0.029

Epipe50y
OK

Calculation of equivalent thermal strain for the seismic wave effects per Appe ndix A, Section
3653.2:

From Eq. 6, Appendix A:

PGA
PGV:= 48. in •

sec • g
PGV= 1.6ftsec-1
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Calculate the bending curvature from Eq. 8, Appendix A:

VR := 0.9553. Vs use 4 = 0.5 (Bedrock Poisson's ratio)

ft C:V
VR = 1910.6- cr:=VR

sec

PGA
k := Pck = 1 for Rayleigh waves

( Q~k • cr)
2

k = 3.526x 10 6 ft-1

Calculate axial strain at pipe top and bottom due to pipe curvature:

D -6
6, := k .- - sc = 1.873x 10

2

Determine normal pressure between soil and pipe per Eq. 12, Appendix A:

Ko:= 1.0

[-ý:=I soi H'(l+ Ko)+ p8n = 4.489_lb
6n:=_[2soil D .in2

Determine axial strain transmitted through shear between soil and pipe per Eq. 14, Appendix A:

is minimum of Fm LW
[ts 4Esct.Ap '/ . Xw. Cr~j

Predominant frequency:

f:=(1_ ) PGA aw:=lI for Rayleigh waves PGV= 1.6ftsec-
2 c PGV

f = 1.28secI

Only need to calculate PGV 8.374x 10-4 to be conservative.
/\cw-Cr,/
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Es P =8.374, 10-4

,aw "Cr)

a(ma :=ma4(s, 6c)

sa(max) = 8.374x 160

The allowable seismic strain for DR-I I pipe is 0.025*k in/in from Table 3653-1 of Appendix C. C

Calculate differential temperature:

AT:.- (max) AT = 9.305R Use AT = 10 Degree F for analysis
at
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A4 Analysis for Piping to 1A Diesel Building

A4.1 Problem #1

The Unit 1 run starts at PT=2000 at the tie-in to the 42" supply header "A" , enters the Diesel
Generator Building and ends at the Jacket Water Cooler 1A. The pipe is assumed anchored at
both ends. The PE piping section extends from PT = 2050 to PT = 2380. The geometry and the
locations of the valves and supports for the above ground section of the piping inside the Diesel
Building was obtained from isometric drawings CN-1493-RN.00-042, Rev. 4a and CN-1493-
RN043, Rev. 1.

A4.2 Valves

The following valves are located on the Unit 1 Supply Line. The weights and dimension are
taken from the CNS valve drawings.

Table A-8
Unit I Valve List

4. Valve 7. Node 8. Valve DrawingsNumber 5. Type 6. Weight Number at
Center

Proposed Ball 6 5120 Used CNM1205.28-0015

001

1RNP04 Butterfly 384 5015 CNM 1205.02-0836-001

1RNP02 Butterfly 384 2525 CNM 1205.02-0836-001

1RNP05 Butterfly 384 5042 CNM 1205.02-0836-001

1RN292P Butterfly 391 2552 CNM 1205.02-0657-001

A4.3 Stress Summary for the Above Ground Carbon Steel Piping

The modal mass participation factors are .90 and .96 for the horizontal and .76 for the vertical
direction which is sufficient for the purposes of this calculation.

The following table summarizes the peak stresses in the above ground carbon steel piping run.

A-25



Requirements for Polyethylene Piping

Request for Relief Serial Number 06-CN-003

Appendix A -Analysis

Table A-9
Stress Summary for Unit I Above Ground CS Pipe

11. Allowable 13. Calculated 14. Node
Acceptance 10. Calculated Stress vs. Allowable Point

Criteria Stress (psi) 12. psi) Stress Ratio

Level A - Equation 8 9525 22,500 .42 2440

Level B - Equation 9 21,799 27,000 .81 2455

Level B - Equation 10 10326(') .46 201022,500
897 .04 2540

Level B - Equation 11 11,804 37,500 .31 2010

Level D - Equation 9 36,131 45,000 .80 2455

Footnote:

(1) This highest thermal stress actually occurs on the buried section of the CS piping, at PT=2010 near the
42" header. The highest stress point on the above ground piping occurs at PT=2540.
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A4.4 Peak Stresses in the PE Piping Section

A4.4.1 Level A Loads

Table A-10
PE Maximum Deadweight Loads

Load Case Straight Pipe Elbow

Node # Node #

10 Fa (Ib) 922 2055 Fa (Ib) 30 2240

M (ft-lb) 506 2055 M (ft-lb) 13 2240

Table A-1I

PE Maximum Thermal Loads

Load Case Straight Pipe Elbow

Node # Node #

21 Fa (Ib) 701 2050 Fa (Ib) 1164 2095

M (ft-lb) 162 2050 M (ft-lb) 416 2095

23 Fa (Ib) 504 2050 Fa (Ib) 646 2095

M (ft-lb) 74 2050 M (ft-lb) 221 2095

Total Range Fa (Ib) 1205 2050 Fa (Ib) 1810 2095

M (ft-lb) 236 2050 M (ft-lb) 637 2095

Note: The loads from Case 21 (380 F) and Case 23 (100' F) were added absolutely to determine
the range. This is conservative as maximum contraction will occur at the low temperature and
maximum expansion at the high temperature.
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A4.4.2 - Level B Loads

Table A-12
PE Maximum OBE Loads

Load Case Straight Pipe Elbow

Node # Node #

24(1) Fa (Ib) 233 2377 Fa (Ib) 484 2095

M (ft-lb) 8 2377 M (ft-lb) 195 2095

31 Fa (Ib) 241 2377 Fa (Ib) 3 2095

M (ft-lb) 2333 2377 M (ft-lb) 12 2095

Total OBE Fa (Ib) 335 2377 Fa (Ib) 484 2095

M (ft-lb) 2333 2377 M (ft-lb) 195 2095

(1) Load Case 24 loads are based on the SSE ground response spectrum. OBE loads were obtained by dividing the
SSE loads by 2.

A4.4.3 - Level D Loads

. Table A-13
PE Maximum SSE Loads

Load Case Straight Pipe Elbow

Node # Node #

24 Fa (Ib) 466 2377 Fa (Ib) 967 2095

M (ft-lb) 15 2377 M (ft-lb) 390 2095

32 Fa (Ib) 1223 2377 Fa (Ib) 3 2095

M (ft-lb) 4601 2377 M (ft-lb) 13 2095

Total SSE Fa (Ib) 1309 N/A Fa (Ib) 967 N/A

M (ft-lb) 4601 N/A M (ft-lb) 390 N/A
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A4.5 Hand Calculation to Determine PE Piping Stresses

Sample Problem #1 -Unit I

Hand Calculations per Stress Equations from 3035.1, 3042.2 and 3051:

Define Variables:

P:= 115- •b D := 12.75 • in Di:= 10.29 • in
.2
in

4 4D• _ Di

32 D

A . (D2 _ Di2)4

For the elbow:

Die := 9.75 . in

t := 1.16. inZ = 117.156 in3

A = 44.515 in
2

te:= 1.42. in

7r = 3.142

0
( D4  4D - D ie

Ze:= Ze 133.9 in
D D

Ae:= - D2- Die2 Ae = 53.014 in 2

B1 := 0.5 B 2 := 1.0

Ble := 0.69 B2e : 1.64

Note: IDs used are the average values from Manufacturers literature.

Additional variables are defined where used
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The maximum loads generated by the ADLPIPE analysis (as listed in the preceding tables) are used to qualify
the HDPE piping based on the applicable criteria for the design load cases.

3035.1 - Longitudinal Stress Design

Straight Piping Section:

P D Fa M
B1 + 2. B.-- + B2 - < k. S2.-t A Z

lb
S:= 800. -

.2
in

Fa:= 922. lb M := 506. lb • ft k:= 1.0. for Level A

P.D Fa M lb
B11 - + 2. B1 . - + B2.- - = 388.542-

2.t A Z .2
in

Mitered Elbow:

P- D Fae Me
Ble -- +2-Ble.-+ B2e' S <k.S

2 te Ae Ze

lb
k. S = 800-

.2in
OK

Fae := 30. lb Me:= 15. lb. ft

P D Fae
Ble - + 2- Ble - +

2 te Ae

Me lb
B2e - - = 359.222-

Ze in 2
OK

3042 - Design for Thermal Expansion and Contraction

Soil springs were applied to account for the soil stiffness.
Therefore the alternative method of 3042.2 is used:

Straight Piping Section:

Mc Fac lb
i- + - • 1100. -

Z A .2
in

i:= 1.0

Mc:= 236. ft • lb Fac:= 1205. lb

Mc Fac lb
- + - = 51.242-
Z A .2

in

S
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Mitered Elbow:

Mce Face lb
le• -+ - < 1100' -

Ze Ae in 2
ie:= 2 .0 Mce:= 637- ft. lb Face:= 1810. lb

Mce Face lb
ie - + - = 148.316-

Ze Ae in 2

3050 - Seismic Design

From 3051 - Seismic Induced Stresses:

ME FaE lb
i- + - < 1100. -

Z A .2
in

This is applicable for both SSE and OBE seismic loads.

Straight Piping Section:

ME:=4601.ft.lb FaE:= 13 09.lb i:=1.0

ME FaE lb OK
- + - = 500.674-

Z A .2
in

Mitered Elbow:

MEe FaEe lb
e + < 1100. -

Ze Ae in 2

MEe FaEe lb
-+ -= 88.143-

Ze Ae in 2

MEe:= 3 9 0. ft lb FaEe:= 9 6 7 . lb ie= 2
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A4.6 Sketches - Unit I

The sketch below shows the complete system analyzed.

Figure A-4
Isometric System Overview - Model BuryUlAS.adi

NYX ý,Z
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Figure A-5
Isometric Detail A - Model BuryUIAS.adi
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Figure A-6
Isometric Detail B - Model BuryUlAS.adi
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Unit 1 Supply Line A Branch Point at 42" Header

El. 593.5 ft Grade
Proposed Vent Valve

Carbon

................... ..........

Cut into existing pipe here.
Replace CS elbow and riser.

El. 587 f
Proposed HDPE Pipe Elevaton

El. 585 I
Present Pipe Elevaton

El. 580.25 I
42" Pipe Elevation

Figure A-7
Unit I Branch at 42" Header

Supply Line A Unit 1 Diesel Building Entry

ELr~ 00C *s COs0

Pipe drops to Elevation
566'.6"

Figure A-8
Unit 1 Diesel Building Wall Penetration
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A5 Analysis for Piping to 2A Diesel Building

A5.1 Problem #2

The Unit 2 run starts at PT=3000 at the tie-in to the 42" supply header "A", enters the North
Diesel Generator Building and ends at the Jacket Water Cooler 2A. The pipe is assumed
anchored at both ends. The PE piping section extends from PT = 3035 to PT = 3220. The
geometry and the locations of the valves and supports for the above ground section of the piping
inside the Diesel Building was obtained from isometric drawings CN-2493-RN.00-039, Rev. 9a
and CN-2493-RN040, Rev. 7a.

A5.2 Valves

The following valves are located on the Unit 2 Supply Line. The weights and dimension are
taken from the CNS valve drawings.

Table A-14
Unit 2 Valve List

Node Number Valve Drawing
Valve Number Type Weight at Center

Proposed Ball 6 4080 Used CNM1205.28-0015 001

2RNP06 Butterfly 384 4015 CNM 1205.02-0836-001

2RN232A Butterfly 391 3377 CNM 1205.02-0657

2RNP03 Butterfly 252 3330 CNM 1205.02-0747-001

2RNP07 Butterfly 384 4037 CNM 1205.02-0836-001

A5.3 Peak Stresses in the Above Ground Carbon Steel Piping

The following table summarizes the peak stresses in the above ground carbon steel piping run.
The modal mass participation factors are .981 and .932 for the horizontal and .799 for the
vertical which is sufficient for the purposes of this calculation.
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Table A-15
Stress Summary for Unit 2 Above Ground CS Pipe

Calculated Allowable Stress Calculated vs.
Allowable Stress Node PointStress (psi) (psi) Ratio

Level A - Equation 8 5967 22,500 .27 3272

Level B - Equation 9 16,385 27,000 .61 3290

Level B - Equation 10 5252 22,500 .23 3355

Level B- Equation 11 6918 37,500 .18 3355

Level D- Equation 9 30,510 45,000 .68 3290
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A5.4 Peak Stresses in the PE Piping Section

A5.4.1 Level A

Table A-16
PE Maximum Deadweight Loads

Load Case Straight Pipe Elbow

Node # Node #

10 Fa (lb) 135 3220 Fa (lb) 135 3210

M (ft-lb) 561 3220 M (ft-lb) 328 3210

Table A-17

PE Maximum Thermal Loads

Load Case Straight Pipe Elbow

Node # Node #

21 Fa (Ib) 1245 3150 Fa (Ib) 850 3140

M (ft-lb) 116 3150 M (ft-lb) 414 3140

23 Fa (Ib) 727 3150 Fa (Ib) 473 3140

M (ft-lb) 78 3150 M (ft-lb) 217 3140

Total Range Fa (Ib) 1972 3150 Fa (Ib) 1323 3140

M (ft-lb) 194 3150 M (ft-lb) 631 3140

Note: The loads from Case 21 (380 F) and Case 23 (1000 F) were added absolutely to determine
the range. This is conservative as maximum contraction will occur at the low temperature and
maximum expansion at the high temperature.
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A5.4.2

Table A-18
PE Maximum

Level B Loads

OBE Loads

Load Case Straight Pipe Elbow

Node # Node #

24(1) Fa (lb) 11 3220 Fa (Ib) 12 3205

M (ft-lb) 27 3220 M (ft-lb) 17 3205

31 Fa (Ib) 981 3220 Fa (Ib) 1056 3205

M (ft-lb) 1443 3220 M (ft-lb) 1264 3205

Total OBE Fa (Ib) 981 3220 Fa (Ib) 1056 3205

M (ft-lb) 1443 3220 M (ft-lb) 1264 3205

(1) Load Case 24 loads are based on the SSE ground response spectrum. OBE loads were obtained by dividing the
SSE loads by 2.

A5.4.3 Level D Loads

Table A-19
PE Maximum SSE Loads

Load Case Straight Pipe Elbow

Node # Node #

24 Fa (lb) 22 3220 Fa (lb) 1404 3210

M (ft-lb) 53 3220 M (ft-lb) 0 3210

32 Fa (Ib) 1953 3220 Fa (Ib) 2095 3210

M (ft-lb) 2874 3220 M (ft-lb) 2543 3210

Total SSE Fa (Ib) 1953 3220 Fa (Ib) 2522 3210

M (ft-lb) 2874 3220 M (ft-lb) 2543 3210
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A5.5 Hand Calculation to Determine PE Piping Stresses

Sample Problem #2 -Unit 2

Hand Calculations for Stress Equations per 3035.1, 3042.2 and 3051:

Define Variables:

lb
P:= 115. -

.2
in

D:= 12.75. in Di:= 10.29. in

Z _:= D 4 Di432 D

1 D2_ D2)

A :=--( Di4

Z = 117.156in
3

A = 44.515in
2

t:= 1.16. in

7E = 3.142

For the elbow:

Die:= 9 .7 5 . in

Ze := D Die
32 D

Ae:=4 (D2 - Die2)

B1 := 0.5

Ble := 0.69

te:= 1.42. in

Ze= 133.9in
3

Ae = 53.014in
2

B2 := 1.0

B2e:= 1.64

Note: IDs used are the average values from manufacturers literature.

Additional variables are defined where used
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The maximum loads generated by the ADLPIPE analysis (as listed in the preceding tables) are used to qualify
the HDPE piping based on the applicable criteria for the design load cases.

3035.1 - Longitudinal Stress Design

Straight Piping Section:

P-D
B1 - - + 2. B1

2.t

Fa MS- +B2 - <k. S
A Z

lb
S := 800- b

.2
in

Fa:= 135.lb M := 561. lb -ft k:= 1.0 for Level A

P-D Fa M lb
B1.- +2.B 1 .- + B2 .- =376.497-

2.t A Z .2
in

Mitered Elbow:

lb
k. S = 800-

.2in
OK

P-D
Ble,- +

2 te

P. D
Ble - +

2 te

Fae
2 Ble.-

Ae

Fae
2 Ble -

A,

Me
+ B2e, - < k. S

Ze

Fae:= 135. lb Me:=328. lb -ft

Me
+ B2e --

Ze

lb
407.959-

. 2
in

OK

3042 - Design for Thermal Expansion and Contraction

Soil springs were applied to account for the soil stiffness.
Therefore the alternative method of 3042.2 is used:

Straight Piping Section:

Mc Fac lb
i.- + - < 1100. -

Z A .2
in

i:= 1.0

Mc:= 194. ft • lb Fac:= 1972. lb

Mc Fac lb
- + - = 64.17-
Z A .2

in

0
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Mitered Elbow:

Mce Face lb
l _+ < 1100.-

Ze Ae . 2in

ie:= 2 .0 Mce:= 6 3 1 • ft - lb Face := 1323. lb

Mce Face lb
le + - = 138.055-

Ze Ae in2

3050 - Seismic Design

From 3051 - Seismic Induced Stresses:

ME FaE lb
.+ - < 1100. -

Z A 2
in

This is applicable for both SSE and OBE seismic loads.

Straight Piping Section:

ME:= 2874- ft lb

ME FaE
- + - = 338.241

Z A

FaE := 1953. lb i:= 1.0

Ilb OK

in

Mitered Elbow:

MEe FaEe lb
le' + -_< 1100. --

eZe Ae . 2
Z' Ain

MEe FaEe lb
Zec-- + - = 503.374-
Ze Ae . 2in

MEe := 2543. ft. lb FaEe := 2522. lb ie= 2
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A5.6 Sketches - Unit 2

Fig. E-9 below shows the complete system analyzed.

• V•'

44
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N

I

N

NY r_X z 7

Figure A-9
Isometric System Overview - Model BuryU2AS.adi
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Figure A-10
Isometric Detail A Model BuryU2AS.adi
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Figure A-11
Isometric Detail B Model BuryU2AS.adi
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Unit 2 Supply Line A Branch Point at 42" Header

El. 593.5 ft Grade

El. 587 It
Proposed HDPE Pipe Elevation

to HOPE
Pipe /

Poposd Von Va.e

HDPE

-- _ - - - 1 El. 584.5 ft
Cut existing pipe Present Pipe Elevation

here

El. 581.5 ft
42" Pipe Elevation

Figure A-12
Unit 2 Branch at 42" Header

Supply Line A Unit 2 Diesel Building Entry

4

n/ra Bidnoeg wat
* El. 593.5 ftGround

1T. - Ft.-

Cbaa.n b.k t C. 000

HOPE Pt.
I I

III

-I--I .... Htt El. 587 ft
Proposed HDPE Pipe Elevation

Pipe drops to Elevation
564'-9"

Figure A-13
Unit 2 Diesel Building Wall Penetration
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Appendix B
Computer Modeling

B2.1 Soil Springs and Break Away Displacement

When computer evaluation is utilized, the soil constraint on the pipe is modeled as distributed
bilinear springs in each direction. There are four spring stiffnesses that vary depending on the
direction: (1) transverse (horizontal, perpendicular to the pipe), (2) axial (longitudinal, parallel to
the pipe), (3) vertical up and (4) vertical down.

Due to the flexibility of PE pipe relative to the soil stiffness, the contribution to the overall
stiffness from ovaling of the PE pipe should be considered. This effect is not included in
standard piping analysis programs, except at fittings that include the effect of ovaling due to
bending loads on the piping in the flexibility factors. However, the flexibility of fittings is not
the same as the phenomena with respect to the pipe / soil interaction when subjected to thermal
or seismic loads. In the case of PE pipe, when the soil pushes against the pipe the overall
deflection is a function of both the deformation of the soil and the pipe deformation due to
ovaling. This effect is not discussed for buried steel pipe in ASCE Guidelines for the Seismic
Design of Oil and Gas Pipeline Systems, [1] or Non-mandatory Appendix VII of ASME B3 1.1
(2004). This omission is due to the steel piping being much stiffer than the surrounding soil so
the effect is negligible. This is not the case with PE pipe where ovaling deflection may be as
great as that in the soil.

The spring stiffness is considered linear with a stiffnessf/ di in an analysis until the breakaway
force is reached, beyond that point the stiffness between the pipe and the soil is considered to be
small. The values of the breakaway force,f, and displacements, di, can be obtained from soils
and foundation theory, or from published results (Table B-i).

The following sections outline the two methodologies that may be used to calculate the various
directional stiffnesses of the combined soil/PE pipe ovaling springs.

B2.2 Stiffness Due to PE Piping Ovaling

The stiffness due to pipe ovaling in any given direction perpendicular to the pipe (either
transverse or vertical up or down) for a length of piping (between discretized soil springs) is
calculated by Equation B. 1 a for OD controlled pipe and Equation B. l b for ID controlled pipe.

2 I 3' 
+.DR-l +0.061EF

K _= -- 2 3 _-- D LI (B.la)

+ 0.061E'

Kp = 2 3 IDR +I ID L, (B.lb)
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Where:

Ko,, = Stiffness due to pipe ovaling

Di = The inside diameter of the pipe, in.

D = The outside diameter of the pipe, in.

DR = Pipe Dimension Ratio, DR=D t

IDR = Pipe Dimension Ratio for Inside Diameter Controlled pipe, IDR=Di t

Kb = The bedding factor, usually 0.1.

L = The Deflection Lag Factor (1.0 recommended for seismic loads and 1.5 for thermal
loads).

E' = The soil reaction modulus, psi, as defined in any given direction in Subsections B.2, B.3,
B.4, or B.5 below.

E = The pipe elastic modulus, psi (Table 3-5), use the Short-Term modulus for seismic loads
and the 1000 hr. modulus for thermal loads.

Li = Effective length of piping modeled by the discreet spring. The recommended effective
lengths are shown in Figures B-6 and B-7.

It is noted that the equation B.1 has been derived from equations (5.14a) and (5.14b) that
calculate the ring deflection due to the overburden pressure on the pipe. The stiffness is based on
half of the deflection of the ring (the approximate ovaling deflection at the center of the pipe)
and calculates the stiffness in lb/in for a discreet spring of this effect that is distributed along the
length and diameter of the pipe.

B2.3 Soil Spring and Modeling Using Non-mandatory Appendix VII of
ASME B31.1, Method #1

Non-mandatory Appendix VII of ASME B3 1.1 "Procedures for the Design of Restrained
Underground Piping" presents a methodology for modeling and analyzing buried piping. This
methodology models the soil stiffness in the transverse (horizontal, perpendicular to the pipe),
vertical up and vertical down directions. This non-mandatory appendix presents a methodology
for calculating kv, the vertical modulus of subgrade reaction in psi, kh the horizontal modulus of
subgrade reaction in psi, and kij the orthogonal soil spring on the pipe in lb/in. The effect of the
axial friction force on the pipe is modeled in Appendix VII of ASME B3 1.1 by applying a force
that is defined as Ff, the total friction force at the changes in direction of the pipe.

When using this method kv, and kh as defined in Appendix VII of ASME B3 1.1 are the
parameter K in defining the ovaling stiffness in Subsection B. 1 above. The spring stiffness used
for the combined soil/pipe ovaling that should be modeled is defined using the springs in series
as follows:

1 1 1
+ = (B.2)

K ~ _ ,S -( K P O k ..

Where:

K,-oi, ,-j = combined soil - ovaling spring in a given direction (lb/in)

Kpo = spring due to pipe ovaling calculated in Subsection B. 1, (lb/in)
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kij spring stiffness in a given direction calculated using the methodology in ASME
B3 1.1, Appendix VII.

B2.4 Soil Spring Calculation Method #2

The piping may be modeled using soil springs in all four directions (1) transverse (horizontal,
perpendicular to the pipe), (2) axial (longitudinal, parallel to the pipe), (3) vertical up and (4)
vertical down using the equations provided in the ASCE Guidelines for oil and gas transmission
lines [1]. Table B-1 provides equations forfi (force in a given direction) and di (displacement in
a given direction) which are taken from the ASCE guidelines for oil and gas transmission
pipelines.

Table B-20
Summary of Equations to Calculate the Breakaway Force f1 and Displacement d,
[ASCE Oil-Gas, [1]]

Soil Transverse Spring Axial Spring Vertical Down Vertical Up
ft / dt fa / dLa Spring:fd//dd Spring:

Sand ft = D Ysoji HNqh fa = (zD/2) Yso.i fd = Ysoii HNqD + Ysoii fu = D Yso.i H Nqv

dt = 2% to 10% H(I+Ko) tanS D N/2
(H+D/2) da=0.1" to 0.2" dd=10% to 15%D du=0.5% to 1.5%H

Clay ft D Su Nch fa =nD Ca fd = 5.14 D Su fu = D Su Ncv
dt = 3% to 5% da=0.2" to 0.4" dd=lO% to 15%D du=lO% to 20% H

(H+D/2)

Where:

D = Outer diameter of pipe [in]

di = Displacement [in]

f = Breakaway force [lb]

2'soil = Density of soil [lb/in3]
H = Height of fill above top of pipe [in]
Nqha = Horizontal bearing capacity factor for sand (varies with H/d and q. refer to Figure B-1

and B-2(a) below.

Ko = Coefficient of soil pressure at rest, 0.5 to 1.0 [o]

6 = Friction angle pipe-soil [deg.] 6 clay = 0, 6 sand = 0.5 4 to 0.8 4
Nqv = Vertical up bearing capacity factor for sand (varies with H/d and q, refer to Figure B-

4).
Nv = Vertical up bearing capacity factor for clay (varies with H/d, refer to Figure B-5).

Nq = Downward bearing capacity factor 1 for sand (varies with 4, refer to Figure B-3 ASCE
Oil-Gas to determine factor)

N,1h = Horizontal bearing capacity factor for clay (varies with H/d, refer to Figure B-2(b)
ASCE Oil-Gas to determine factor)
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Ny = Downward bearing capacity factor 2 for sand (varies with (, refer to Figure B-3 ASCE
Oil-Gas to determine factor)

Ca = Soil adhesion [psi] - Consisting of oc * S,; where Su is the undrained shear strength
and cc is a constant varying with S,, refer to Figure 4-2 to determine the factor.

S,, = Undrained shear strength for clay (calculated from pile driving data).

References for Appendix B:

(1) ASCE "Guidelines for the Seismic Design of Oil and Gas Pipeline
Systems"

C1

-cc

C..
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RATIO OF DEPTH TO DIAMETER, H/D

9 10

Figure B-14
Horizontal Bearing Capacity Factor for Sand as a Function of Depth to Diameter Ratio of
Buried Pipelines
Reproduced from Figure 5-6 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems,
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Figure B-15

Horizontal Bearing Capacity Factors as a Function of Depth to Diameter Ratio for Pipelines

Buried in Sand (a) and Clay (b)

Reproduced from Figure 5-7 of ASCE Guidelines for the Seismic Design of Oil and Gas

Pipeline Systems,
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Figure B-16
Vertical Bearing Capacity Factors Vs. Soil Angle of Internal Friction f for Sand
Reproduced from Figure 5-8 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems,
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Figure B-17
Vertical Uplift Factor for Sand as a Function of Depth to Diameter Ratio of Buried Pipelines
Reproduced from Figure 5-9 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems,
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Figure B-18
Vertical Uplift Factor for Clay as a Function of Depth to Diameter Ratio of Buried Pipelines
Reproduced from Figure 5-10 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems,

Using the formulations above, the modulus of subgrade reaction in psi in a given direction, ki is
given by the formulation for the transverse, vertical up and vertical down springs:

ki =fj/D

Where:
fij, = force f (lb/in) calculated using the formulations in Table B-1.
D = Outer diameter of pipe [in]

(B.3)

When using this method, ki, as defined in Nonmadatory Appendix VII are the parameter E' in
defining the ovaling stiffness in Subsection B. 1 above. The spring stiffness for the soil is given
by the following formulation:

kij = fij * L / dij (B.4)

Where:

fi,,, di, = force f, and displacement d calculated using the formulations in Table B-1.
kij, = spring stiffness in a given direction calculated using the formulations in Table B-1.
L i  = effective length of piping modeled by the discreet spring as shown in Figures

B-6 and B-7.

The spring stiffness in the vertical direction is adequately modeled using an average of the
vertical up and down springs calculated using Equation B.4. The spring stiffness used for the
combined soil/pipe ovaling behavior that should be modeled is defined using the springs in series
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in Equation B.2 described above. The axial spring is modeled using Equation B.4 and does not
require correction for ovaling.

B2.5 Computer Modeling

The above sections in this appendix describe the calculation of combined soil/ pipe ovaling
springs to be used for the evaluation of both thermal and seismic loads. These springs need to be
spaced along the piping at an appropriate spacing. This spacing must be dense enough to model
the behavior of the piping while keeping the model to a manageable size. The spacing of soil
springs along the pipe should be determined as described below and in Non-mandatory
Appendix VII in B31.3 [18]. Unlike flexible above ground piping, most of the movements in
buried piping are absorbed with a short distance (the "influence length" L6) of changes in
direction:

L,6 = 3nr/ 4,6 (B.5)

,6= [k/(4 E 1)]1/4 (B.6)

Within the influence length, soil springs may be spaced at a distance Li of approximately 2D,
with individual spring stiffness Ks-oi,, s-j. Beyond the influence length, the springs may be spaced
at larger distances Li such as 1 OD. This is shown schematically in Figure B-6. In addition,
beyond the influence length, three soils springs shall be spaced at a length of 2D on each side of
any changes in piping direction. Examples of this are shown in Figure B-7.
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Figure B-19
Computer Modeling With Soil/ Pipe Ovaling Springs
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Figure B-20
Modeling of Soil/ Pipe Ovaling Springs at Changes of Direction Beyond the "Influence
Length"
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B2.6 Vertical Piping Runs

For vertical piping there are no significant concerns with trench loading and surfacing loading
creating a lateral crushing load on the piping. For these loadings (trench, surface), the lateral
piping runs preceding or following the vertical run will in most cases control the design of the
buried piping system. Therefore, explicit consideration of trench and surface loading for vertical
runs of buried piping is not required.

For thermal and seismic loadings, when using computer analysis, vertical piping runs are
considered essentially the same as horizontal piping runs in the determination of the influenced
length. However, for vertical piping, the soil spring stiffnesses shall be applied as follows:

1. The transverse soil spring stiffness should be applied in each of two orthogonal horizontal
directions.

2. The axial soil spring stiffness should be applied in the vertical direction.

In addition, the thermal expansion and axial strains shall also be applied to the vertical piping
runs (in the axial direction). For vertical piping runs the through the wall trench bending stress
may be taken as zero.
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Appendix C
Supplemental Design & Analysis for Catawba

-3000 DESIGN -3111.2 Design Life

-3100 GENERAL DESIGN

-3110 LOADING CRITERIA

-3111.lLoading Conditions

Significant loads to be considered for the
design of buried high density polyethylene
piping are as follows:

(a) Long Term Internal Pressure (P)
(b) Short Term Internal Pressure (P)
(c) Thermal Expansion Loads (TL)
(d) Surge Pressures (Water Hammer)

(Ph)
(e) Dead Weight Loads on Buried Pipe

(1) Pipe Weight (Wnb) (for non-
buried portion of pipe)
(2) Trench Loads (W)
(3) Water Weight (W)

(t) Transportation Loads on Buried
Pipe (Vehicles, Railroads, etc.) (P,)

(g) Building Settlement Loads (SL)
(h) Frost Heave (FH)
(i) Overburden Loads on the Pipe

Crown, (Pcrown), from the soil trench
loads, W', and transportation loads,
Pt

(j) Buckling From Overburden Loads
(PIr)

(k) Flood Loads (FL)
(1) Seismic Loads

(1) Wave (OBE-W/SSE-W)\
(2) SAM (OBE-D/SSE-D)

(a) PE piping strength capacity degrades under
pressure with time. Therefore, the piping
Design Specification shall specify a design life
for the piping system. If such a design life is
not specified in the Design Specification then a
design of 50 years shall be assumed in the
design and clearly identified in the design
report.
(b) The mechanical properties used in design
shall be consistent with the load duration. The
elastic modulus varies significantly with the
load duration. Therefore, care must be taken
in selecting the appropriate E for a given
loading. Recommended durations for given
loadings are as follows:

* Long Term Internal Pressure - 50
year.

" Short Term Internal Pressure - 10 hr.
" Thermal Loads - 1000 hr.
* Surge Pressures (Water Hammer) -

Short-term.
* Dead Loads on Buried Pipe - 50 year.
* Live Loads on Buried Pipe (Vehicles,

Railroads, etc.) - 10 hr.
• Soil Settlement Loads - 50 year.
* Overburden Loads - 50 year.
* Effects of Flood Loads - 100 hr.
* Seismic Loads - Short-term.

These selections of the load duration should be
modified for situations that the designer knows
vary from those recommended above. The
allowable stress or strain for these load
conditions may either use the longer duration
allowable stress or strain (conservative) or the
allowable stress or strain may be consistent
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with the load duration. When checking the
various criteria that include loads of different
duration with consistent properties, the
following formulation shall be used:

SLad-l + SL-d-2 + ..... < 1.0
S Altw- Load-1 S Allow-Load-2

(1)

Values of the elastic moduli for varying load
duration are given in Table 3111-1.

-3112 Design Loads

The definition of design loads is as given in
ND-3112.1 through ND-3112.3 of the Code.
The allowable stress limits are as defined in
Section 3611 of this Relief Request and
material properties for PE and soil is provided
in various sections of this Relief Request.

-3113 Service Conditions

(a) Each Condition to which the components
may be subjected shall be designated in the
Design Specification. A suggested
classification and load combination is provided
in Table 3113-1.
(b) When any Level A, B, C, or D service
conditions are specified in the design
specification they shall be evaluated in
accordance with this Relief Request.

-3130 GENERAL DESIGN RULES

-3133 Nomenclature

The following nomenclature is used for this Relief
Request Section.

%1D = The percentage allowable deflection.
A = The cross sectional area of the pipe [in 2].
A, = Net cross sectional area of the pipe [in 2]
a = Coefficient of thermal expansion [1/F]
a = an adhesion factor that varies with Ssu.

B1 and B2 = The primary stress indices.
Interim values for fittings are proposed
based on existing Code methods and
increased by the fitting derating factor.

B' = The elastic support factor.
Bd= Trench width.
Br, = East-West Basemat Rotation (rotation

about the x axis in Figure I-1)
(Radians).

Brns = North-South Basemat Rotation
(rotation about the y axis in Figure 1I-1)
(Radians)

B,, = The bulk modulus of the fluid, (for fresh
water, B,, = 43,200,000 lb/ft2).

Constant used to calculate the "influence
length" where the movements in buried
piping are absorbed.

Cp= Water hammer wave velocity in the pipe,
[in/sec].
C = Surface Factor for Transportation Loads.
ce = Allowance for erosion or mechanical
damage
Ca = Soil adhesion [psi], consisting of a*Ssu;

where S., is the undrained shear strength
of the soil.

d = The horizontal distance from the
location of the lumped mass analytical
model (relative to the building structure)
to point at which the piping exits the
building (inches).

d= displacement d calculated for developing
soil springs.

dT = Equivalent differential temperature for a
seismic strain in the pipe wall.

D = Outside Pipe Diameter.
Di = The pipe inside diameter, in.
Dm = Mean Pipe Diameter, D,, = D-1.06t.
DR = Pipe Dimension Ratio for OD controlled

pipe, D/t.
DLF = Dynamic load factor for calculating

water hammer forces, conservatively
taken as 2.
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5 = Friction angle pipe-soil [deg.] 6 clay = 0,
6 sand = 0.5 0 to 0.8 0.

,= Normal pressure between the soil and
pipe.
An,= Resulting North-South Seismic basemat

displacement (inches).

Aew = Resulting East-West Seismic basemat
displacement (inches).

Avert = Resulting Vertical Seismic basemat
displacement (inches).

Ann, = North -South Seismic Displacement at
the Piping Elevation (inches).

An, = East -West Seismic Displacement at
the Piping Elevation (inches).

Anwrt = Vertical Seismic Displacement at the
Piping elevation (inches)(In most cases
An 'M 0).

AX = The horizontal deflection at the pipe
crown from trench and transportation
loads, (in).

Ay = Vertical Displacement (inches).
E = The soil reaction modulus.
E = Modulus of elasticity of pipe [psi].
E, = Short Term Modulus of elasticity of pipe

[psi].
E,,t = Secant modulus of elasticity of pipe

associated with axial strain (sa)max.
= Maximum pipe strain caused by
earthquake waves.

(Cd)Earthqaik -- = Strain in the pipe from
earthquake wave computer
analysis.

c = Axial strain at the pipe top and bottom due
to soil curvature.

c, = Axial strain in the pipe transmitted
through shear between the soil and the
pipe.

eT = Strain in the pipe caused by thermal
expansion.

f = Predominate earthquake wave frequency,
[1].

fE = Service Environmental Design Factor.

fj = Force f, calculated for developing soil
springs.

fT = Service Temperature Design Factor.
fo = The Ovality Compensation Factor.
F = Impact factor for surface load. Use 1.50

for unpaved roads. Use 1.15 for 2' to 3'
cover and 1.0 for over 3' cover for paved
roads. For a static load F=1.

Fa = The primary resultant axial load if any.
Fas = Pipe axial force caused by building
settlement.
Far= Pipe axial force caused by thermal
loading.
Fb = The buoyancy force, (lb/ft).
Ff = Fitting factor.
FH = Frost Heave.
FL = Flood Loads.
& = The breakaway pipe-soil force (lb/in).
FS = The Factor-of-Safety (FS = 2.0 Level A,

1.8 for Level B.andl.5 for Levels C and
D).

ysoil = The specific weight of the soil.
Ywatr = The specific weight of the water.
H = Height of fill (or cover) above top of pipe
[in]
H' = ground water height above the pipe

crown, [in] (>48 inches).
H., = Maximum values of H for calculating

trench loads, H,,x < 10 D (for granular
soils), H,,a < 15 D (for clay).

HDB = Design Basis (HDB) of 50 years
(438,000 Hrs.).

IDR = Pipe Dimension Ratio for ID controlled
pipe, Di / t.

k = Pipe Bending Curvature due to seismic
waves.
khi = The Service Level Stress Factor listed in

Table 5-3 for i = A, B, C or D.
kij = spring stiffness in a given direction

calculated using the formulations in Table
A2.1 or using the methodology in ASME
B31.1, Appendix VII.

Kb = The bedding factor, usually 0.1.
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K& = Coefficient of soil pressure at rest, 0.5 to
1.0, may conservatively take as 1.0.

Kpo = Spring due to pipe ovaling, (lb/in).
K,-oi, -j = Combined soil - ovaling spring in a

given direction (lb/in).
1 = Effective length of pipe for surface load =

36".
L = The Deflection Lag Factor (1.0

recommended for short term loads and
1.5 for long term loads).

Li = Effective length of piping modeled by the
discreet spring.

Lp= The length of pipe (1 ft).
L,= Wave length of passing seismic wave

[in], Calculated as the seismic wave
velocity, divided by the predominant
frequency.

L8 = Influence length where movements in
buried piping are absorbed.

M, = The primary resultant moment loading
the cross section if any.

Mas = Resultant moment from building
settlement.
MT = Resultant moment from thermal loads.
v = Poisson's ratio.
Vr = Poisson ratio for the bedrock.
P = The long-term design pressure for the
pipe.
P'= Short Term Internal Pressure.
P, = Concentrated surface load [lb] (Wheel

Load or Train Axle load).
Pivh = The water hammer surge pressure, psi.
Pcr = The critical constraining buckling

pressure that is compared to trench soil.
loads and traffic loads on the pipe
crown.

Pcroivn = Trench load or transportation loads on
the Pipe Crown [lb/in2].

P,,i, = Minimum inside pressure in piping.
PGV = Peak Ground Velocity, in/sec,

Estimates are PGV = 48 * PGA for soil
and PGV = 36 * PGA (for rock).

PGA = Peak Ground Acceleration, in/sec2.

0 = Friction angle of soil or angle of internal
friction [deg]. Where, b = 0' for clay, 20'
for cohesive granular soil, 30' to 360 for
sand.

R = Reduction factor: R{H, D}.
Rb = The buoyancy reduction factor.

p = The fluid density { P = 62.4 = 1.9 4 b- sec2 }

32.2 ft 4

S = Design Stress.
SAM = Seismic Anchor motion.
SL = Building Settlement Loads.
S,= Undrained shear strength for clay

(calculated from pile driving data).
Su = Ultimate Strength.
Sm = Membrane Stress.
Sh = Design Membrane Stress for PE piping at

temperature.
Ss = Basic allowable stress for short term
loads.
SLp = The hoop pressure stress in the pipe
wall.
Seismic Loads: Wave (OBE-W/SSE-W),

SAM (OBE-D/SSE-D).
o-T = Thermal Stress from piping analysis.
E = Earthquake stress.

t = Minimum Pipe Wall Thickness
T = Temperature in 'R.
(T2 - TI) = Difference between the design

temperature and ambient
temperature for the pipe.

TL = Thermal expansion loads.
Tr = Basemat Torsional rotation (rotation

about the z axis) (radians).
To = Time in years.
0 = Angle from Building Center Defined in

Figure 11-1.
V = The fluid velocity, ft/sec.
Vs = The shear wave velocity of the bedrock

can be obtained from the SAR for the
plant.

VR - The Rayleigh wave velocity.
W Water Weight.
W'= Trench Loads.

C-4



Requirements for Polyethylene Piping

Request for Relief Serial Number 06-CN-003

Appendix C Supplemental Design & Analysis for Catawba

WL = The weight of the liquid in a foot of pipe,
lb/ft.
Wnb = Pipe Weight (for non-buried portion of
pipe).
Wp= The weight of a foot of pipe, lb/ft.
W= The soil weight over a foot of pipe, lb/ft.
Z = The section modulus of the pipe.

-3600 PIPING DESIGN

-3610 GENERAL REQUIREMENTS

-3611.lAllowable Stress Values

Allowable stress for the PE 3408 pipe is based
on load duration, temperature and design life
as discussed in Section 3111.2.

Table 3611-1 provide the basic allowable
stresses for polyethylene pipe fabricated from
PE 3408 in terms of Sh, for a design life of 10
years, 20 years, 30 years , 40 years, 50, years
and 60 years..

-3611.2Basic Stress Limits

Allowable stress limits for Levels A, B, C and
D are a factor khi times Sh, the basic allowable
stress level. The allowable stresses are as
follows:

Service Level A, the allowable stress is 1.0 Sh
Service Level B, the allowable stress is 1.1 Sh

Service Level C, the allowable stress is 1.33 S1,
Service Level D, the allowable stress is 1.33 Si,

-3611.3Short Term Stress Values

For loads conditions where the short term
stress values are applicable the basic short
allowable stress values Ss, are given in Table
3611-2.

-3611.4Allowable Secondary Stress Values

For loads conditions that result in cyclic
secondary stresses the basic short allowable
stress values are currently given in Section
3654.2 of this Relief Request.

-3613 Allowances

-3613.4Fused Joint Efficiency

The longitudinal fused joint efficiency factors
for pressure design as listed in Table 3613-1
shall be applied to the allowable stress values
given in Tables 3611-1 and 3611-2.

-3640PRESSURE DESIGN OF PIPING
PRODUCTS

-3641 Straight Pipe

There are two types of PE pipe manufactured,
inside diameter (ID) controlled where the
manufacturing process controls the ID of the
Pipe such that it is nearly constant within
manufacturers tolerances, and outside diameter
(OD) controlled where the manufacturing
process controls the OD of the Pipe such that it
is nearly constant within manufacturers
tolerances. Selection of the type of piping
determines which of the following
formulations are used to determine design
adequacy.

For OD controlled pressure pipes, the required
Dimension Ratio, DR, based on the hoop stress
is determined from formula (2) and for ID
controlled pressure pipes, the ID Dimension
Ratio, IDR, based on the hoop stress from
formula (3).

P(DR - 1)SLP, 2 <_ Sh (2)
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SLP = P(IDR + 1) < Sh
2

(3)

Where:

Sh = The allowable stress for the specified
design year life, which varies with
temperature, as listed in Table 3611-1 to
be taken at the design temperature.

SLp = The hoop pressure stress in the pipe
wall.

DR = The Dimension Ratio for OD controlled
pipe, DR = D/t.

IDR = The Dimension Ratio for ID controlled
pipe, IDR = D/t.

t = The pipe wall thickness.
P = The internal pipe design pressure that

must satisfy either equation (2) or (3).
As an alternative, for OD controlled PE
pressure pipe the following equations may be
used:

DR ratio less than or equal to the attached PE
pipe and shall be fusion joined to the attached
polyethylene piping. The polyethylene flange
adapter shall be connected to the metal flange
using a steel backing ring having, as a
minimum, the same pressure rating as the
mating metal flange. The gasket material shall
be selected to be consistent and compatible
with the service requirements of the piping
system. The flange shall be joined using bolts
made of SA material of a size and strength that
conforms to the requirements of B 16.5 or
AWWA C207. The flange joint shall be
pressure tested as part of the system pressure
test (see Article 6100 of this Relief Request)
and demonstrated not to leak during the system
pressure test prior to the piping system being
placed in service. See Figure 3647-1 for a
typical flange configuration.

-3649 Fittings andValves

Fittings of PE pipe are to be selected to match
the pressure rating or pressure class of the
piping. This procedure will normally lead to a
PE fitting with a smaller DR than the pipe.
Valves should also be selected to match the
pressure rating or pressure class. PE valves are
outside the scope of this Relief Request.

-3650 ANALYSIS OF PIPING SYSTEMS

-3651 General Requirements

(a) The design of the complete piping
system shall be analyzed between anchors for
the axial and longitudinal stresses resulting
from all Design, Level A, B, C, and D Service
Level loads defined in the Design
Specification.
(b) It is noted that the trench and surface
loads on buried polyethylene piping are
evaluated using the formulations described in
Section 3681.1 through 3681.7

t= P D/( 2 Sh +P) (2a)

(2b)td=t + C,

Where:
ce = Allowance for Erosion or Mechanical

Damage
td = Design Thickness

-3647 Flange Connection Considerations

Flanged connections are permitted for the
joining of polyethylene pipe to steel piping.
The steel flange attached to the steel mating
pipe shall conform to the requirements of
B16.5 or AWWA-C207 and the pressure
rating shall meet the design pressure
requirements of the piping system in which it
is to be installed. The polyethylene flange
connection shall be constructed using a
polyethylene flange adapter (conforming to
ASTM - F714 and AWWA -C906) having a
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-3652 Consideration of Design Conditions

-3653 Establishment of Level A, B, C, and
D Applied Loadings

-3653.lThermal Expansion Effects

When the pipe temperature is different from
the soil temperature, the pipe will tend to
expand or contract relative to the soil. The soil
stiffness will tend to resist the thermal
displacement. The temperature differential is
applied to the pipe confined by the soil and the
resulting loads are calculated throughout the
system. The resulting stress is then compared
to the thermal stress allowable defined in
Section -3654.2.

For low temperature systems, the evaluation
may consider the soil to be rigid and compute
a compressive stress in a rigidly constrained
pipe as follows.

For T2 < TI:

CT = Strain in piping due to Thermal
Expansion.

ET is then compared to the thermal allowable
strain defined in Table 3653-1.

Alternatively the piping stress due to thermal
expansion may be calculated using a model as
described in Appendix I, with soil springs
input for the soil restraint. Using this model Fa
(the axial tensile force on the pipe due to
thermal expansion loads) and Ma (the resultant
moment on the pipe from thermal expansion
calculated by taking the square root sum of the
squares of the three components of moment
about the axis of the pipe) are derived from the
stress analysis. (Note that the thermal analysis
should be performed separately and not
include pressure). The stresses are evaluated
in accordance with Section 3654.2 (if
applicable). The strain is calculated from these
results as follows:

For aT due to contraction:

CT = [a (T2 - TI) - v (Pd, D 12t)]IE (4a) eT=-[IT- V (Pmin D/2t)J/E

For oU due to expansion:

(5a)

For T2 > TI:

CT=[a(T2 - T)J]/E (4b) E = [aTI/E (5b)

Where:
E= Modulus of elasticity of pipe [psi], (Table

3111-1)
a = Coefficient of thermal expansion [lI/F].
(T2 - TI) = Difference between the maximum

operating temperature and ambient
temperature for the pipe.

v = Poisson ratio of Pipe.
Pmid, = Minimum inside pressure in

piping.

i D = Outside Diameter of Pipe [in].
t = Minimum Wall Thickness of Pipe.

Where:
UT = Thermal Stress from the piping
analysis.

It is noted that in the above expression the
value of UT from the piping stress analysis
includes the axial load FT and moments MaT
in all three orthogonal directions due to T'2 -

T1.

CT is then compared to the thermal allowable
strain defined in Table 3653-1.
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-3653.2Seismic Wave Effects

In calculating the effect of seismic loads on the
piping from seismic wave propagation, there
are two considerations of interest. The first is
the soil properties of the piping in the fill and
the second is the bedrock properties in the area
around the site. The soil properties around the
pipe in the formulations below are used to
calculate the normal pressure between the pipe
and the soil and the breakaway pipe-soil force.
The bedrock properties are used to calculate
the speed of the earthquake "and length of the
earthquake wave since the earthquake wave
travels through the bedrock to the site.

R (Rayleigh) waves are the most significant
disturbance along the surface of an elastic half
space and at large distances from the sourceS may be the only clearly distinguishable wave.
Because nuclear plants are in general sited
several (tens or hundreds) of miles from
known active faults, normally consideration of
only Rayleigh waves is required. However,
the seismic section of the Plant's Safety
Analysis Report (SAR) determines whether P
or S waves require consideration due to a
potential source close to the site.

The strains in the pipe due to the wave passage
in the soil are calculated using the formulations
below. These strains are either compared to
the seismic allowable strain defined in Table
3653-1 for the piping and the fittings or
applied to the pipe using a model that includes
soil springs as described in Appendix I. The
formulations below result in an equivalent
strain, E, and/or equivalent differential
temperature, dT that is then applied to the
piping. These parameters are obtained as
follows:

S Determine the PGA, the Peak Ground
Acceleration, in terms of in/sec 2 and g from

the plant SAR. In some instances the PGV,
Peak Ground Velocity in terms of in/sec is also
available from the SAR. If not available a
reasonable estimate may be calculated as
follows:

PGV= 48 * PGA (for soil)
PGV= 36 *PGA (for rock)

(6)
(7)

PGA is assumed to be expressed as a fraction
of g.

Calculate the bending curvature, k, in the
piping as follows:

k PGA
(ak c)

2 (8)

Where:
PGA = Peak Ground acceleration [in/sec 2].
ak = Seismic wave curvature coefficient.

Equals 1 for Shear and Rayleigh
waves, equals 1.6 for Compression
waves. Note as described above
normally only Rayleigh waves need to
be considered.

cR, c, Cs = Seismic wave velocity (Raleigh, P,
or S), respectively, at pipeline
[in/sec].

The term ale is obtained by the square root
sum of the squares of the individual wave
types acting concurrently (shear, compressive
or Rayleigh). Note, as described above, this is
normally not the case.

Note that the shear wave velocity, Vs, of the
bedrock can be obtained from the SAR for the
plant. The Rayleigh wave velocity, VR, may
be calculated as follows:

For Vr = 0.5, CR = VR = 0.9553 Vs
For v, = 0.25, cR = VR = 0.9194 Vs

(9)
(10)
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Where:
Vr = Poisson ratio for the bedrock.
and VR may be interpolated for values between
0.25 and 0.5.

Calculate the axial strain at pipe top and
bottom due to soil curvature, -0 as follows:

P, = k (D/2) (11)

Where:

D
k

= Outer diameter of pipe [in].
= Curvature is calculated in equation (8).

Note that for most practical problems due to
the high seismic velocity relative to the Peak
Ground Acceleration, the value of g, is trivial
and does not control pipe design.

Calculate the average normal pressure between
soil and pipe, &n, in psi as follows:

clay, 20' for cohesive granular soil, 30'
to 36' for sand and other terms defined
above.

Calculate the axial strain transmitted through
shear between the soil and the pipe, e, as
follows:

(c,) = min (Fm. Lw / 4 E Ap), (PG V/l cR )I (14)

Where:
Lw = Wave length of passing seismic wave

[in], Calculated as the seismic wave
velocity, divided by the predominant
frequency.

Est = Secant modulus of elasticity of pipe
associated with axial strain (Ea)ma,

A, = Net cross sectional area of the pipe [in 2]
PGV = Peak ground velocity [in/sec],

discussed above or calculated in Eqn. 4.5
& 4.6 above.

a, = Seismic wave coefficient equals 1 for
Compression and Rayleigh waves,
equals 2 for Shear waves.

CR = Seismic wave velocity at pipeline
[in/sec], from Equations 9 and 10 above
for Rayleigh waves.

Note that the predominant frequency, f = (1 /
22r) * PGA /PGV, where PGA is expressed in
terms of in/sec 2 and PGV is expressed in terms
of in/sec.

Due to favorable siting of the facility and the
mechanical properties (flexibility) of the
piping and relatively low stress associated with
seismic loads for practical problems with PE
pipe, it is not necessary to include a permanent
seismic ground movement in the criteria.

The controlling axial soil strain, (l~Jrmax, on the
pipe is as follows:

, = [youi H (1 + Ko)/21 + (y, /rd)) (12)

Where:
Ysoil = Density of soil [lb/in 3]
H = Height of fill above top of pipe [in]
K, = Coefficient of soil pressure at rest, 0.5

to 1.0, may conservatively take as 1.0.
7p = Linear weight of pipe (including

contents) [lb/in]
Calculate the breakaway pipe-soil force, Fm, in
lb/in, as follows:

Fm = (;D)[Ca + c% tan 01 (13)

Where:
C, = Soil adhesion [psi], consisting of a*Ss,,;

where Ss,, is the undrained shear strength
of the soil and a is a constant varying
with S°, taken from Figure 4-2.

* 0 = Friction angle of soil, or angle of
internal friction [deg]. Where, 0 = 0' for

(E--a)ma = max [(;), (&il (15)
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Where r, is from Equation 14 and r is from
Equation 11. (6a)max is then compared to the
seismic allowable strain defined in Table
3653-1.

Alternatively, an equivalent differential
temperature, dT may be calculated as follows:

dT = (gd,. 1Ia (16)

Where:

dT = equivalent thermal growth for seismic
wave propagation strain

a = Coefficient of thermal expansion [I/F]

The piping stress due to this equivalent
temperature may then be calculated using a
model as described in Section I of Appendix
C, with soil springs input for the soil restraint.
Using this model, Fa (the axial tensile force on
the pipe due to earthquake wave loads) and M,
(the resultant moment on the pipe from
earthquake wave loads calculated by taking the
square root sum of the squares of the three
components of moment about the axis of the
pipe) are derived from the stress analysis (Note
that the earthquake wave analysis should be
performed separately and not include
pressure). The strain is calculated from these
results as follows:

includes the axial load Fa and moments Ma in
all three orthogonal directions due to the
equivalent differential temperature dT.
(Ed,)Eathquake is then compared to the thermal

allowable strain defined in Table 3653-1.

-3653.3Seismic Anchor Motion Effects

Seismic anchor movements need to be
determined from the maximum differential
displacement of the buildings that form the
boundaries for the buried pipe. Alternatively,
flexible penetrations may be used to reduce the
stresses on the pipe from these displacements.
When flexible penetrations are used, the
support points of the piping system within the
building will be the restraint points for the
differential displacement that need to be
considered. The calculation of this
displacement is described in Appendix II.

-3653.4 Building Settlement Effects

Building settlement displacements shall be
considered to the extent that further settlement
of the buildings may occur. If the actual
amount of building settlement is unknown, the
total calculated design building settlement
vertical displacements shall be used. If the
actual amount of building settlement is known,
the original estimated design building vertical
settlement displacements may be reduced by
the amount of the existing settlement at the
time of installation of the PE pipe.

Also, if the buried piping terminates in newly
constructed buried or partially buried
structures, the amount of settlement of the
structures shall be calculated and included in
the piping design specification. Methods for
calculation of building settlement
displacements for such structures are beyond
the scope of this report. The maximum

(Qa)Earthquake = [ I GE I - I V (PD/2t) I ] / E (17)

Where:

(Ed)Earthquake = Strain in the pipe from
earthquake wave computer
analysis

aE = Earthquake stress from
analysis,

the piping

. It is noted that in the above expression thevalue of GE from the piping stress analysis
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building settlement vertical displacements
shall be applied to the piping system at the
piping system-building interface.

The piping stress due to building settlement is
calculated using a model as described in
Appendix I, with soil springs input for the soil
restraint or a simplified model that includes a
sufficient length of the PE pipe to adequately
absorb the building displacements. The soil
springs and axial load considerations included
in the Appendix I discussion shall be included.
When a simplified model is used a fixed
support should be placed at the end. The fixed
support provides a conservative termination of
the model for estimating stresses from building
displacements. Using this model, F, (the
axial tensile force on the pipe due to building
settlement loads) and Ms (the resultant
moment on the pipe from building settlement
loads calculated by taking the square root sum
of the squares of the three components of
moment about the axis of the pipe) are derived
for inclusion into the stress evaluation of the
piping.

-3653.5Pressure Surge from Water
Hammer

If the fluid flow in a pipe is abruptly stopped, a
pressure wave, P,vh, is developed that is the
product of the pressure wave velocity, c, the
fluid density, p, and the fluid velocity in the
pipe, V. Compressible fluids, gases, are not
subjected to water hammer pressures.

(pcpV) (18)
1728

The wave velocity of the fluid in the pipe is
affected by the pipe flexibility. As the wall
thickness for a given pipe diameter decreases,
the wave velocity, cp, assuming the wall is free
to expand or contract slightly, will also
decrease.

CP=12 l44EsBýý
Fp(144E, + BD,

(19)

where:
cp = The water hammer wave velocity in

the pipe, in/sec.
E,, = The short term elastic modulus, psi,

(Table 3111-1).
Bw = The bulk modulus of the fluid, (for

fresh water, Bw = 43,200,000 lb/fl2).
Di = The pipe inside diameter, in.
t = The pipe wall thickness, in.
p = The fluid density

62.4 lb - seC
p== =1.94 t

32.2 ft4

V = The fluid velocity, ft/sec
Pwh = The water hammer pressure, psi

The water hammer pressure, Pwh, can be either
a positive (compressive) or negative (tensile)
pressure depending on the direction of flow. A
tensile pressure may cause local cavitation,
and thus reduce the positive traveling wave.

The effect of the polyethylene pipe wall
flexibility is to slow the wave velocity, cp, in
equation (18) significantly. The reduction in
the wave velocity between a 10" steel pipe and
a 10" polyethylene pipe both with a DR of 9 at
room temperature is by a factor of 3.66. Thus,
the surge pressure, calculated by equation (18)
is also reduced by a factor of 3.66.

This pressure surge will develop both hoop
stresses and axial stresses in the pipe wall as
well as dynamic loads on fitting and closed
valves in the piping system. The local stresses
in the pipe wall can be estimated using the
following equation for OD and ID controlled
pipe respectively. These stresses are maximum
values since they are calculated on a static
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basis and the dynamic nature of the loading is
not considered.

SL_ Ph (DR - 1)
2 (20)

S,- P" (IDR + 1)
2

Where:
Fwh = axial water hammer force (Ibs)
Pwh = defined in equation (18) (psi)
DR = Pipe Dimension Ration for OD
controlled pipe
IDR = Pipe Dimension Ration for ID
controlled pipe

Changes locally in the axial stresses can be are
developed from Poisson's effect.

compared to the allowable pressures, P,
determined from either equation (23) or (24) in
Section -3654-1 using the short time (1000 hr)
value of the allowable hoop stress, So, from
Table 3611-2. For reoccurring surge pressures
the total pressure is limited to P and for
occasional surges to 2P.

The allowable pressure, P, may exceed the
design pressure because the use of equations
(23) or (24) requires a DR that is not a minimal
value and short-term values of Sh are applied.

-3654 Evaluation of Level A, B, C, and D
Axial and Longitudinal Loads

-3654.lPrimary Axial and Longitudinal
Loads

Axial and Longitudinal bending stresses in the
polyethylene pipe caused by applied primary
axial and longitudinal loads as defined in the
Design Specification for Levels A to D Service
Levels must satisfy equation (23) for OD
controlled polyethylene pressure pipes and
equation (24) for ID pressure controlled
polyethylene pressure pipes.

Sa = -VSLP (21)

Loads can be imparted to fittings and valves
from the pressure surge.

F',,= DLF- p'h)T

4
(22)

This Fwh can then be applied to each straight
run of pipe in a static analysis using a
computer model. The Dynamic Load Factor,
(DLF), depends on the piping system response
to the pressure surge of the water hammer and
must be calculated. The DLF should be
multiplied times the fitting factors in Table
3653-2 to determine dynamic fitting forces.

Alternately, more detailed analysis of the event
can be conducted using fluid transient
computer codes or manual methods to
determine less conservative loads.

In order to evaluate the surge pressures
calculated using the formulations described. above, peak surge pressures shall be added to
normal operational pressures and the sum

P(DR -1)M F
B -P - B2 M" + 2B • L" <kh, Shorkh, S

2 Z A
(23)

Bi P(IDR + 1) + B2 Ma + 2B, L, < kh, Shorkh, ss, (24)
2 Z A

Where:

B1 and B 2 = The primary stress indices
defined in Table 3654-1. Interim
values for fittings are proposed
based on existing Code methods and
increased by the fitting derating
factor.

P = the design pressure for the pipe.
Sh = basic allowable stress given in Tables

3611-1.
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Ss = basic allowable stress for short term
loads Table 3611-2.

khi, = the Service Level Stress Factor listed in
Table 3654-2 for i = A, B, C or D.

-3654.2Cyclic Secondary Axial and
Longitudinal Loads

(a) Cyclic secondary axial and longitudinal
loads shall include but are not limited the
effects of thermal expansion, OBE and SSE
seismic wave effects, OBE and SSE anchor
motions, vibrations, etc. The definition,
classification, and combination requirements
shall be provided in the Piping Design
Specification.
(b) Axial and Longitudinal bending stresses in
the polyethylene pipe caused by applied cyclic
secondary axial and longitudinal loads as
defined in the Design Specification for Levels
A through D Service Levels must satisfy
equation (25).

-3654.3Non Cyclic Secondary Axial and
Longitudinal Loads

(a) Non-cyclic secondary axial and
longitudinal loads shall include but are not
limited to the effects of non repeated anchor
motions, ground settlement, etc. The
definition, classification, and combination
requirements shall be provided in the Piping
Design Specification.
(b) Axial and Longitudinal bending stresses in
the polyethylene pipe caused by applied non-
cyclic secondary axial and longitudinal loads
as defined in the Design Specification for
Levels A and B Service Levels must satisfy
equation (26).

iM• +•F <2S,
Z A

(26)

iM- +f <11 00psi
Z A

(25)

Where:

i = the Stress Intensification factor. Interim
Values of i are as follows:

Straight Pipe, i = 1.0.
Fusion Joints, i = 1.0
Elbows, i = 1.5
Miter Bend, i=2.0
All other piping components, i = 2.5

M, = the cyclic secondary resultant moment
loading the cross section if any.

F,,= the cyclic secondary resultant axial load
if any.

Z = the section modulus of the pipe.
A =the cross sectional area of the pipe.

Where:

i = the Stress Intensification factor. Interim
Values of i are as follows:

Straight Pipe, i = 1.0.
Fusion Joints, i = 1.0
Elbows, i = 1.5
Miter Bends, i = 2.0
All other piping components, i = 2.5

Ma = the cyclic secondary resultant moment
loading on the cross section if any.

Fa = the cyclic secondary resultant axial load
if any.

Z = the section modulus of the pipe.
A =the cross sectional area of the pipe.

0
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-3680 SPECIAL DESIGN
REQUIREMENTS FOR BURIED
PE PIPING

-3681 Soil and Surface Loads

-3681.lThrough-Wall Bending

Stresses in the pipe wall can be estimated from
equations (27) and (28). Equation (27) is for
OD controlled pipe and (28) is for ID
controlled pipe.

limitations (See Figure 3681-1). The
construction specification will include the final
soil density 7soll of the fill material and its
composition. Using the trench material the
loading on the piping is calculated as follows
using the Prism formula below:

Pcr'. = 2'soll H' (29)

3Pc (DR)
2 E A, • khi Sh

8 E (DRY + 0.732

(27)

3Pc......(IDR+2)2 E A, -<k S S (28)

8E(IDR+2) +0.732

Where:. Pcrown = The pressure from trench loads and
surface loads (Equations 29 & 30).

E = The soil reaction modulus listed in Table
3681-1.

At = The constant Table 3681-2.
E = The elastic modulus as a function of load

duration and temperature as listed in Table
3111-1.

khi = The service level stress factor listed in
Table 3683-3 for i = A, B, C, or D.

Sh = basic allowable stress given in Tables
3611-1 and 3611-2.

When using equations (27) and (28), the
effects from trench and surface loads should be
calculated separately and added together. This
is done so that the differences in the PE pipe
elastic modulus for the time duration of the
loading can be considered.

(a) Trench Loads

The trench parameters, height H, and width Bd,. will be determined based on pipe location
(how much below grade) and construction

Where:

H = Height of fill above toV of pipe [in]
2'soil = Density of soil [lb/in ]
Pcrow, = Loading at the Pipe Crown from the

Trench load [lb/in ]

The height of fill that needs to be considered
above the top of the pipe is limited by the
following:

Hmtix •10 D (for granular soils)
Hmax 5 15 D (for clay)

When the piping is buried deeper than the limit
Hma,, Hmay be taken as Hm,. in equation (29).

Note that the above formulation is
conservative and appropriate for initial design.
The limits on H to calculate Pcrown are based
on the limits implied by the Marsten
formulation with the effective trench width Bd
= 3D (a reasonable and conservative trench
width).

(b) Transportation Loads

Maximum surface loadings for the vehicles or
rails that may go over the buried piping system
shall be determined. These loads are
distributed over a linear, circular or rectangular
area using the following formulation:

P.,,,n CRP~F/lD (30)

Where:
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C = Surface load factor: C{H,D} in Table
50.4 in AWWA C150.

R = Reduction factor: R{fH, D} in Table 3681-
4.

P, = Concentration surface traffic load [lb]
(Wheel Load or Train Axle load)

F= Impact factor for surface load. Use 1.50
for unpaved roads. Use 1.15 for 2' to 3'
cover and 1.0 for over 3' cover for paved
roads. Refer to AREA Specifications for
railways. For a static load F=I.

L = Effective length of pipe for surface load is
36"

D = Outer diameter of pipe [in]
Perown = Loading on the Pipe Crown from the

surface traffic load, Ps, [lb / in2].

The load factor C in Table 50.4 in AWWA
C150. implicitly includes the distribution of
this load along a 36" length, 1, of pipe.

Alternatively the loading, P .o.,. may be
conservatively calculated for a particular
traffic load, P1, by projecting the surface load
at a 450 angle from the surface load to an
elevation at the centerline of the buried piping.
The impact factor, F and reduction factor R
described above should also be applied to
obtain the final pressure at the crown.

-3681.2Constrained Ring Buckling

For buried polyethylene pipe, the critical
compressive buckling pressure, Pr, for
instability in the ring mode is determined from
equation (31 and 32). In this case, pipe-soil
interaction occurs and increases the buckling
pressure above the unconstrained mode. In
order to use this result, there must be at least 4
feet of cover over the pipe. Equation (31) is
used for OD controlled pipe and (32) for ID
controlled pipe. The calculations for Pr are as
follows:

Pr = 5.65f0 RbB'E' E1_R1) 312(DR -1

P,= 5.65f/R,F E' E
5f B 12(IDR + 1)

Rb = I - 0.33 H
H

B'=
1 + 4e(-

0 0 0 5 4 1
7

H)

(31)

(32)

(33)

(34)

Where:

Pr = The critical constraining buckling
pressure compared to the loads on the
pipe crown, Pcrown from trench soil loads
plus the transportation loads, (Eq. (29) &
(30))

Rb = The buoyancy reduction factor. (Eq.
(33))
H - groundwater height above the pipe [in.].
H = cover above the pipe, [in] (>48 inches).
B = The elastic support factor. (Eq. (34))
E - The soil reaction modulus listed in Table

3681-1.
E The elastic modulus of the pipe material as

a function of load duration and
temperature as listed in Table 3111-3.

fo = The Ovality Compensation Factor in
Figure 3681-2.

When using equation (31) and (32) the effects
from trench and surface loads should be
calculated separately. This is done so that the
differences in the PE pipe elastic modulus for
the time duration of the loading can be
considered. The calculated critical pressure
must be a factor of 2 for Service Level A, 1.8
for Service Level B, and 1.5 for Service Level
C and D or more above the compressive
pressure acting on the pipe which the
difference between the inside of the pipe and
the external pressure. The final Safety factor
for two or more loads is as shown in Equation
(35).
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Safety - Factor = P (Trench) P_,., (Surface)

Pc, (Trench) P, (Surface)

(35)

-3681.3Unconstrained Buckling

If either flooding of the buried pipe or
liquefaction of soil supporting the pipe is
plausible these conditions must be considered
in the design and evaluation of the buried pipe
system. The constraint of the soil will not be
present when these conditions occur and
unconstrained buckling must be considered as
a mode of failure using Level C Service
Limits.

The critical buckling pressure, Pcr, in the ring
mode from external pressure caused by dead
and live overburden loads are calculated by
equation (36) for OD controlled piping and by
equation (37) for ID controlled piping.

calculated separately. This is done so that the
differences in the PE pipe elastic modulus for
the time duration of the loading can be
considered. The calculated critical pressure
must be a factor 1.5 for Service Level C or
more above the compressive pressure acting
on the pipe which is the difference between the
inside of the pipe and the external pressure.
The final safety factor for two or more loads is
as shown in Equation (35).

Ovality will reduce the critical pressure to as
indicated in equations (31), (32), (36) and (37).
Percent Ovality is defined in equation (38)

Percent Ovality = DI,, - Dmin
Dn

(38)

P IEfo ( 1 3

cr 1V 2 IDR+1

(36)

(37)

Where:

E = The elastic modulus of the pipe material
as a function of load duration and
temperature as listed in Table 3111-1.

v = Poisson's ratio (0.35 for short term loads,
0.45 for long term loads).

f0 = The Ovality Compensation Factor in
Figure 3681-2.

Pcrown = The pressure at the crown (top) of
the pipe calculated from trench soil
loads, equation (29) or transportation
loads equation (30).. When using equations (36) and (37), the

effects from trench and surface loads should be

-3681.4Axial Bending Strain Limits

Axial bending strains of the polyethylene
piping are limited to values in Table 3653-1 to
prevent local wrinkling or buckling of the pipe
wall. The maximum strains determined from
any of the equations (39) or (40) are to be
considered. It is noted that equations (39), and
(40) calculate stress and convert this to strain
by dividing the stress by the applicable elastic
modulus for the pipe, E, that is listed in Table
3111-1 as a function of load duration and
temperature.

-3681.5Pipe Wall Crushing

Compressive hoop stresses, Sw, in the pipe
wall from all overburden sources are limited to
an allowable stress of khi Sh. Wall stress, Sw, is
to be calculated from the pressures on the
crown of the piping, Pcrown, from the
overburden loading using the formulas below
for OD controlled pipe and ID controlled pipe,
respectively.
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P,,o,, (DR - 1)
S=V P= 2 < khiSh2

Sw = Pcrow, (IDR + 1) < khiSh
2

(39)

(40)

Where:

Pcrown = Pressure at the top (crown) of the pipe
calculated from trench soil loads,
equation (29) and transportation loads
equation (30).

khi= The service level stress factor listed in
Table 3642-2 for i = A, B, C, or D.

Sh basic allowable stress given in Tables
3611-1 and 3611-2.

When assessing design adequacy for the two
types of loads at the crown of the pipe that. have varying allowable stress, equation (41)
may be used, or alternatively the lowest most
conservative allowable stress SIh may be used.

AX = The horizontal deflection, in.
Di = The inside diameter, in.
Pcrown = The pressure at the crown of the pipe,

lb/ft2, calculated from trench soil
loads, equation (29) or transportation
loads equation (30).

Kb = The bedding factor, usually 0.1.
L = The Deflection Lag Factor (1.0

recommended for short term loads and 1.5
for long term loads).

E'= The soil reaction modulus, psi (Table
3681-1).
E = The pipe elastic modulus as a function of

load duration and temperature as listed in
Table 3111-1, psi.

%ID = The allowable deflection percentage
listed in Table 3681-5.

The Deflection Lag Factor, L, accounts for the
viscoelastic ring deflection of the polyethylene
pipe from the time of loading to the design life
of 50 years. A value of 1.5 for long-term loads
relates this deflection to a 50-year life most
accurately. The effects of the trench loads and
transportation loads should be calculated
separately and added together.

The percentage deflection, %D, is defined as
follows:

SLoad-I + SLoad-2
+- + ..... •<1.0

SAllow-Load-I SAllows-Load-2
(41)

-3681.6Ring Deflection Limits

Ring deflection of the pipe occurs from the
overburden pressure of the soil, water and
surface loads. The ring deflection of the
polyethylene pipe must be limited. This
deflection is based on the pressure on the
crown (top) of the pipe, Pcrown.

For OD controlled pipe, the deflection can be
estimated as follows:

AX _P,,... KhL %ID (42)
D 144 L2E 1 3 o0.06]EJ 100

Where:

%ID = --- 100D,
(43)

Allowable ring percentage deflections are
limited to values listed in Table 3681-5.

Limits listed in Table 3681-5 presume that the
deflected pipe is at the maximum pressure
based on either equation (1) or (2). Table
3681-5 incorporates a factor-of-safety of 2.0.
At reduced pressure, the allowable deflection
may be increased by a factor of (2 - SLP/Sh),
where SLp and Sh are defined for Equations (2)
and (3).
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-3681.7Ring Bending Strain Limits

Ring bending strains for pressurized pipe that
occur in the pipe wall for a deflection, AX,
must satisfy the deflection limit contained in
equation (44).

WL = The weight of the liquid in a foot of
pipe, lb/ft.

Wf = The weight of the. flooded soil, lb/ft.
FS = The Factor-of-Safety (FS = 2.0 Level

A, 1.8 for Level B.andl.5 for Levels
C and D).

The soil weight is based on the prism formula
in Equation (46).

6.4tAX <kS

-E
(44)

Where: W',. = 7,,)1 (H - H' )DL (46)

t = The pipe wall thickness.
AX =The pipe deflection determined from

equation (42).
Dm = The mean pipe diameter (D-1.06t).
E = The elastic modulus as a function of load

duration and temperature as listed in Table
3611-1.

khi = The service level stress factor listed in
Table 3642-2 for i = A, B, C, or D.

Sh, = Basic allowable stress given in Tables
3611-1 and Table 3611-2 for short term
leads.

Ring bending strain is limited to 0.042 in/in for
non-pressurized pipe.

-3682 Buoyancy Forces on Buried Pipe

Buoyancy forces are of concern only when
flooding at the site is possible. For this case
the buoyancy force must be less than the forces
holding the pipe down. Calculations are made
per foot of pipe.

and the flooded weight is based on the
equation (47).

Wj = (7"0 , - 7uaier) 4 ; + DH' (47)

Where:
ysou = The specific weight of the dry soil,

(70-144 lb/fl3)
ywter = The specific weight of the water, 62.4

lb/ft3

H = The buried distance of the pipe
measured from the crown, ft.

H' = The ground water saturation above the
pipe crown, ft.< H

D = The pipe OD, ft.
Lp = The length of pipe (1 ft)

The buoyancy force is equal to the weight of
the fluid displaced by the piping.

Ph )TD ,e Lp (48)

Fb < (Wp +Wf+ W, + WL)*FS (45)

Where:

Fbwp
Ws
lb/ft.

= The buoyancy force, lb/ft.
= The weight of a foot of pipe, lb/ft.
= The soil weight over a foot of pipe,
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Table 3111-1: Elastic Moduli for Pipe Fabricated from PE 3408

Load Duration
Elastic Modulust, 1000 psi (MWa), at Temperature. °F (C)

Taba311-1:ratiocMdul forPip Fa riae frmPE30
-20 (-29) 0 (-18) 4o0(4) 60(16) 73 (23) 100 (38) 12o0(49) 14o0(60)

300.0 260.0 170.0 130.0 110.0 100.0 65.0 50.0(2069) (1793) (1172) (896) (758) (690) (448) (345)

140.8 122.0 79.8 61.0 57.5 46.9 30.5 23.5(971) (841) (550) (421) (396) (323) (210) (162)

125.4 108.7 71.0 54.3 51.2 41.8 27.2 20.9
(865) (749) (490) (374) (353) (288) (188) (144)

107.0 92.8 60.7 46.4 43.7 35.7 23.2 17.8(738) (640) (419) (320) (301) (246) (160) (123)

93.0 80.6 52.7 40.3 38.0 31.0 20.2 15.5
1 y (641) (556) (363) (278) (262) (214) (139) (107)

77.4 67.1 43.9 33.5 31.6 25.8 16.8 12.9
10y (534) (463) (303) (231) (218) (178) (116) (89)

69.1 59.9 39.1 29.9 28.2 23.0 15.0 11.51oy (476) (413) (270) (206) (194) (159) (103) (79)

t Typical values based on ASTM D 638 testing of molded plaque material specimens.

Table 3113-1 - Suggested Load Combinations and Assigned Service Levels

Primary Cyclic Secondary Non-cyclic Secondary
Design

P + W' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Level A TL+FH SL
P +W' +PT__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Level B TL + OBE-W+OBE-W~b None
P + W'+ PT

Level C TL (extreme up to 140' F) None

P + W'+ PT + F
Level D None TL (faulted > 1400 F) None

I_ _SSE- W + SSE-D
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Table 3611-1(e): Allowable Stresses, Sh, for Pressurized Polyethylene
Pipe at Temperatures from 400 F to 1400 F for 50 Year Life.

Temperature HDB (psi) for PE 3408 Sh (psi)
for PE 3408

70 0 F 1590 800
100°F 1240 620
1200 F 1030 520
1400 F 800 400
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Table 3611-2: Allowable Stresses, Ss, Pressurized Polyethylene Pipe
Fabricated from PE 3408 at Temperatures from 400 F to 1400 F for 1,000

Hour Load Duration or Less.

Temperature HDB (psi) for PE 3408 Sh (psi) for PE 3408

400 F 2140 1070
600 F 1920 960
70 0 F 1780 890

100 0 F 1390 700
120FF 1140 570
1400 F 940 470

Table 3613-1: Fitting Derating Factors

Fitting Derating
Fabricated 900 ELL - Five Segment 25%
Fabricated 9W0 ELL - Three Segment 38%
Fabricated 450 ELL - Three Segment 25%
Fabricated 450 ELL - Two Segment 38%
Fabricated 22.50 ELL - Two Segment 25%
Fabricated Tees - Three Piece 25%
Fabricated Tees - Two Piece 50%
Fabricated Cross 50%
Fabricated Wye - Three Piece 40%
Fabricated Wye - Two Piece 50%
Reducing Tee none
Concentric Reducers none
Transition Fittings none
MJ Adapters none
Bell MJ Adapters none
Flange Adapters none
Snub Ends none
Molded Caps none
Wall Anchors none
Molded Fittings none
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Table 3642-2: Service Level Stress Factor

khi Factor of
Service Level Safety

A 1.0 2.0
B 1.1 1.8
C 1.33 1.5
D 1.33 1.5

Table 3653-1: Allowable Bending Strains

Pipe Dimension Ratio, DR Allowable Bending Strain in/in

DR < 13.5 0.025 *jsL

13.5<DR<21 0.0 2 *fsL

DR > 21 0.01 7 *jsL

Where: fsL = factor for the service level for the types of loads being applied. fsL = 1.0 for
Service Level A,fsL = 1.1 for Service Level B. andfsL = 1.33 for Service Level C & D loads.

15. Table 3653-2: Fitting Factors
16.

Fittings Fitting Factor, Ff

900 Ell 1.41
Caps, Plugs, Tees 1.00

45° Ell 0.77
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17. Table 3654-1: B1 and B2 for Miter
Bends

18. Nom OD B1 PE B2 PE
/t
7 10.75 0.69 1.38
7 12.75 0.69 1.38
7 14.00 0.69 1.38
9 10.75 0.69 1.64
9 12.75 0.69 1.64
9 14.00 0.69 1.64
11 10.75 0.69 1.91
11 12.75 0.69 1.91
11 14.00 0.69 1.91

13.5 10.75 0.69 2.21
13.5 12.75 0.69 2.21
13.5 14.00 0.69 2.21

Table 3681-1: Reaction Modulus E' for Various Soils and Soil Conditions (lb/in2)

Proctor < Proctor >
Soil Type Dumped 85% 85%<Proctor<95% 95%
Very Fine

Grain 50 200 400 1000
Fine Grain 100 400 1000 2000

Coarse Grain 200 1000 2000 3000

Table 3681-2: Constant At in Equation (3) & (4)

Bedding Angle At
Degrees

0 0.294
15 0.234
30 0.189
45 0.157
60 0.138
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Table 3681-3 - Service Level Stress Factor
khi Factor of

Service Level Safety
A 1.0 2.0
B 1.1 1.8
C 1.33 1.5
D 1.33 1.5

Table 3681-4 Reduction Factors R for Surface Load Calculations
(Factors Reproduced from Table 50.4 in AWWAC150)

Pipe Size, D Depth of Cover, H (ft.)
(in.) < 4 4-7 8-10 >10
3-12 1.0 1.0 1.0 1.0

14 0.92 1.0 1.0 1.0
16 0.88 0.95 1.0 1.0
18 0.85 0.90 1.0 1.0
20 0.83 0.90 0.95 1.0

24-30 0.81 0.85 0.95 1.0
36-64 0.80 0.85 0.90 1.0

Table 3681-5: Allowable Pressure Pipe Deflection
Percentage of Diameter

DR % ID
26 7.0
21 6.0
17 5.0

13.5 4.0
11 3.0
9 2.5
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Metallic Flange
.Wasr

Metallic Pipe--

Metallic. Backin~g Ring

Bolting,

PE Flange Adapter

__ - ___ - _ _ - ___ - _ _ -___ - _ _ - _ _ - C Pipe,

Metallic Piping PE Piping

Figure 3647-1 - Typical Flange Arrangement

GRADE

Bd

Figure 3681-1 Trench Parameters
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SECTION I TO APPENDIX C

1.1 GENERAL CONSIDERATIONS

There are four spring stiffnesses that vary depending on the direction: (1) transverse (horizontal,
perpendicular to the pipe), (2) axial (longitudinal, parallel to the pipe), (3) vertical up and (4) vertical
down. Due to the flexibility of PE pipe relative to the soil stiffness, the contribution to the overall
stiffness from ovaling of the PE pipe should be considered.

1.2 STIFFNESS DUE TO PE PIPING OVALING

The stiffness due to pipe ovaling in any given direction perpendicular to the pipe (either transverse or
vertical up or down) for a length of piping (between discretized soil springs) is calculated by Equation
1. 1 for OD controlled pipe and Equation 1.2 for ID controlled pipe.

K 2E(_ 1
2 3 6R_ I )+0.061E (I

K, i KbL JD4 11

2 E(' 1 +0.061E'~
K 2I 3 +ID+, ID 4(1.2 )

D" K~L j

Where:
Kp,& Stiffness due to pipe ovaling, lb/in.
Di The inside diameter of the pipe, in.
D =The outside diameter of the pipe, in.

DR= Pipe Dimension Ratio, DR=D/It
IDR Pipe Dimension Ratio for Inside Diameter Controlled pipe, IDR=D1 It
Kb =The bedding factor, usually 0. 1.
L = The Deflection Lag Factor (1.0 recommended for seismic loads and 1.5 for thermal

loads).
E' The soil reaction modulus, psi, as defined in any given direction in Subsections 1.2,1.3,

1.4, or 1.5 below.
E The pipe elastic modulus, psi (Table 3-5), use the Short-Term modulus for seismic loads

and the 1000 hr. modulus for thermal loads.
Li Effective length of piping modeled by the discreet spring. The recommended effective

lengths are shown in Figures 1-6 and 1-7.

The stiffness is based on half of the deflection of the ring (the approximate ovaling deflection at the.center of the pipe) and calculates the stiffness in lb/in for a discreet spring of this effect that is
distributed along the length and diameter of the pipe.
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Section I- Soil Spring Calculation Methods

1.3 SOIL SPRING AND MODELING METHOD #1

This method is based on Non-mandatory Appendix VII of the ASME B31.1, Power Piping Code.
This methodology models the soil stiffness in the transverse (horizontal, perpendicular to the pipe),
vertical up and vertical down directions. This nonmandatory appendix presents a methodology for
calculating kv, the vertical modulus of subgrade reaction in psi, kh the horizontal modulus of subgrade
reaction in psi, and kij the orthogonal soil spring on the pipe in lb/in. The effect of the axial friction
force on the pipe is modeled in Appendix VII of ASME B3 1.1 by applying a force that is defined as
Ff, the total friction force at the changes in direction of the pipe.

When using this method kv, and kh as defined in Appendix VII of ASME B3 1.1 are the parameter K
in defining the ovaling stiffness in Subsection 1.2 above. The spring stiffness used for the combined
soil/pipe ovaling that should be modeled is defined using the springs in series as follows:

1 1 1 (1.3)

K1 _o,,.,,,i Kpo k,,j

Where:

K-oi, -o. = combined soil - ovaling spring in a given direction (lb/in)
Kp,, = spring due to pipe ovaling calculated in Subsection 1.2, (lb/in)
kid = spring stiffness in a given direction calculated using the methodology in ASME B3 1.1,

Appendix VII

1.4 SOIL SPRING CALCULATION METHOD #2

1.4.1 Basic Parameter Calculation

The piping may be modeled using soil springs in all four directions (1) transverse (horizontal,
perpendicular to the pipe), (2) axial (longitudinal, parallel to the pipe), (3) vertical up and (4) vertical
down using the equations provided in the ASCE guidelines for oil and gas transmission lines. Table I-
1 provides equations forfi (force in a given direction) and di (displacement in a given direction).

1.4.2 Soil Spring Calculation

(a) Lateral Using the formulations of 1.4.1, the modulus of subgrade reaction in psi in a given
direction, ki, is given by the formulation for the transverse, vertical up and vertical down springs:

ki = fijID (1.4)

Where:
fij = Force f (lb/in) calculated using the formulations in Table I-1.
D = Outer diameter of pipe [in]
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When using this method, ki, the parameter E' in defining the ovaling stiffness in Subsection 1.2 above.
The spring stiffness for the soil is given by the following formulation:

kij = fij *€ Li / dij (1.5)

Where:

f.jd,, d= force f, and displacement d calculated using the formulations in Table I-1.
ki, = spring stiffness in a given direction calculated using the formulations in Table I-1.
Li = effective length of piping modeled by the discreet spring as shown in Figures 1-6 and I-

7.

(b) Vertical Springs The spring stiffness in the vertical direction is adequately modeled using an
average of the vertical up and down springs calculated using Equation 1.4. The spring stiffness used
for the combined soil/pipe ovaling behavior that should be modeled is defined using the springs in
series in Equation 1.2 described above.

(c) Axial Springs The axial spring is modeled using Equation 1.4 and does not require correction for
ovaling.

Table I-1 Summary of Equations to Calculate the Breakaway Forcefi and
Displacement di IASCE Oil-Gas, [111

Soil Transverse Spring Axial Spring Vertical Down Vertical Up Spring:
ft/dt fa/da Spring:fd/dd fu/d,

Sand ft = D 'soil HNqh fa = (;rD/2) ysoi fd = 72soil HNqD + fu = D 7,soi H Nqv
dt = 2% to 10% H(1 +Ko) tang 7soil DD2N/2
(H+D/2) da=O.l" to 0.2" dd=lO% to 15o1D du=0.5% to 1.5%H

Clay ft=DSuNeh fa = mrD Ca fd= 5.14 D Su fu = D Su Ncv
dt = 3% to 5% da=0.2" to 0.4" dd=1O% to 15oD du=10% to 20% H
(H+D/2)

Where: D = Outer diameter of pipe [in]
,4/ = Displacement [in]
7soil = Density of soil [lb/in3]
H = Height of fill above top of pipe [in]
Nqh = Horizontal bearing capacity factor for sand (varies with H/d and q, refer to

Figure I-I and 1-2(A) below.
Ko Coefficient of soil pressure at rest, 0.5 to 1.0 [o]
1 = Friction angle pipe-soil [deg.] 6 clay = 0, 6 sand = 0.5 4b to 0.8 4
Nqv = Vertical up bearing capacity factor for sand (varies with H/d and 4, refer to

Figure 1-4).
Nv =Vertical up bearing capacity factor for clay (varies with H/d, refer to Figure

1-5).
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Nq - Downward bearing capacity factor 1 for sand (varies with 4, refer to
Figure 1-3 ASCE Oil-Gas to determine factor)

Arch = Horizontal bearing capacity factor for clay (varies with H/d, refer to
Figure 1-2(B) ASCE Oil-Gas to determine factor)

Ny = Downward bearing capacity factor 2 for sand (varies with 4, refer to
Figure 1-3 ASCE Oil-Gas to determine factor)

Ca = Soil adhesion [psi] - Consisting of ce & Su,; where S, is the undrained shear
strength and cc is a constant varying with S,, refer to Figure 1-3 to determine
the factor.

S. = Undrained shear strength for clay (calculated from pile driving data).

24

22

20

18

t16

S14

S12

S10

W 8

-6

* 2

0
0 1 2 3 4 5 6 7 8

RATIO OF DEPTH TO DIAMETER, H/D

9 10

Figure I-1 Horizontal Bearing Capacity Factor for Sand as a Function of Depth to
Diameter Ratio of Buried Pipelines

(Reproduced from Figure 5-6 of ASCE Guidelines for the Seismic Design of Oil and
Gas Pipeline Systems)
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H

.Nqh Nch

2 5 10 20 50 2 5
10

H

D

(A) GRANULAR SOIL (B) COHESIVE SOIL

Figure 1-2 Horizontal Bearing Capacity Factors as a Function of Depth to Diameter
Ratio for Pipelines Buried in Sand (a) and Clay (b)

(Reproduced from Figure 5-7 of ASCE Guidelines for the Seismic Design of Oil and
Gas Pipeline Systems)
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GENERAL $HEAR FAILURE: qu CN~ + 7 YN
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300 4
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^

60 so 40 30 20 10 0 20 40 60 80
5.14 1.0

Figure 1-3 Vertical Bearing Capacity Factors Vs. Soil Angle of Internal Friction f for

Sand

(Reproduced from Figure 5-8 of ASCE Guidelines for the Seismic Design of Oil and

Gas Pipeline Systems)
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Section I - Soil Spring Calculation Methods
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Figure 1-4 Vertical Uplift Factor for Sand as a Function of Depth to Diameter Ratio of
Buried Pipelines

19. (Reproduced from Figure 5-9 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems)
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16

12 O FULLY BONDED ANCHOR PLATE
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c 4 IMMEDIATE .BREAKAWAY
OF ANCHOR PLATE
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0 2 4 6 8
RATIO OF DEPTH TO DIAMETER, H/D

Figure 1-5 Vertical Uplift Factor for Clay as a Function of Depth to Diameter Ratio of
Buried Pipelines

(Reproduced from Figure 5-10 of ASCE Guidelines for the Seismic Design of Oil and
Gas Pipeline Systems)
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Figure 1-6 Soil/ Pipe Ovaling Springs Spacing
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Figure 1-7 Soil/ Pipe Ovaling Springs spacing at Changes of Direction
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SECTION II TO APPENDIX C Where:

11-1 General Considerations

The North-South and East-West displacements
may be taken directly from the applicable
displacement tables in the SAR for sites with
buildings that have two-dimensional analyses
(models) to calculate Seismic Anchor Motions
(SAMs). The applicable displacement is the
building displacement at the elevation where
the piping exits the building. The vertical
displacement is conservatively estimated as:

Ay = d (Brew sin 60 ± Brn, cos O) (11- 1)

Where:

d = The horizontal distance from the
location of the lumped mass analytical
model (relative to the building structure)
to point at which the piping exits the
building (inches).

Br, = East-West Basemat Rotation (rotation
about the x axis in Figure II-1) (Radians)

Brn, = North-South Basemat Rotation
(rotation about the y axis in Figure I1-1)
(Radians)

Ay = Vertical Displacement (inches)
d, 6?, per Figure I1-1

If the Building Displacement Data for the
Building under review is not given in the SAR,
then the applicable building analysis
calculations should be consulted.

If the analysis is a 3D analysis, the
displacements should be calculated using the
following relationships:

An, = Resulting North-South Seismic basemat
displacement (inches)

= Resulting East-West Seismic basemat
displacement (inches)

Avert = Resulting Vertical Seismic basemat
displacement (inches)

An,, = North -South Seismic Displacement at
the Piping Elevation (inches)

Ane, = East -West Seismic Displacement at
the Piping Elevation (inches)

Anvert = Vertical Seismic Displacement at the
Piping elevation (inches)(In most cases
An ver, 0)

Tr = Basemat Torsional rotation (rotation
about the z axis) (radians)

Bre, = Basemat East West Rotation (rotation
about the x axis) (radians)

Brn, = Basemat North-South Rotation
(rotation about the y axis) (radians)

d, 0 per Figure It1-1.

The building analysis calculations may have to
be consulted to determine the necessary
displacement and rotational data.

The displacements in the piping at the
penetration or last support is applied to the
piping to either a model of the underground
piping as described in Appendix I or a
simplified model that includes a sufficient
length of the PE pipe to adequately absorb the
building displacements. The soil springs and
axial load considerations included in the
Appendix I discussion shall be included.
When a simplified model is used a fixed
support should be placed at the end. The fixed
support provides a conservative termination of
the model for estimating stresses from SAMs.

A, =( An ,,, + d (Tr) cosO) (11-2)
Aew ( Anew ± d (Tr ) sinO)

(11-3)
A ,ert = (I An ver (d Br, sinO ± dBr,,
cosO))(II-4)0
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N-S Y
E"/- Building Center

Analysis Model2x
Vertical is out of the figure. Zd O

d =the horizontal distance from the
location of the lumped mass analytical Point Where Piping
model (relative to the building structure) Exits the Building
to the point at which the piping exits the
building (in inches).

Figure I-1 Definition of d and 0 for Calculation of Seismic Building Displacements
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By inspection of the equation for A, it can be seen that each term is a function of the
effective slippage length 'slip. This equation will be rewritten in the form of a quadratic
equation.

lip f +lp( S_•__ A=0
4AEP AEP

In the above equation, lslip and A are unknown values. As will be seen later S is a function
of A.

As was previously stated, the displacement imposed on the transverse section will be
evaluated as a beam on an elastic foundation. The axial force produced by this
displacement (S) will be calculated using the same equation as before.

The equation for the differential displacement A is a function of the pipe thickness since
the variables include area and moment of inertia. The affect of wall thickness on stresses
at changes in direction will be evaluated by incrementally reducing the wall thickness
from nominal to that required for pressure or below. This will be done for each pipe size
and for transverse lengths of 3, 6, 12 and 24 times the nominal diameter. Since the
quadratic equation for lslip contains two unknowns ('slip and A) the value of A and 'slip will
be determined by trial and error. The trial and error solution will consist of assuming a
value of A equal to zero and then increasing this value until a valid solution for lslip is
reached. This evaluation was performed using an EXCEL Spreadsheet (See Tables 5-8).
It can be seen from these tables that the reduction in moment produced by the reduction in
stiffness is greater than the reduction in section modulus. Therefore, a reduction in wall
thickness will not adversely affect pipe stresses at changes in direction for cases were the
longitudinal run is less than 2 lslip. These tables also show that the length of 'slip is
decreasing as the axial stiffness is decreased. This would be expected since the pipe
strain increases as the cross sectional area is reduced.

10.5 Stresses at Building Penetrations

Stresses are produced in the pipe at building penetrations due to relative movement
between the building and the pipe. The building movements that need to be considered
are those that produce axial and lateral displacements of the pipe. Axial displacements
produce axial stress in the pipe. The axial stresses are produced by the axial restraint of
pipe by soil friction. From the point where the pipe exits the building, the frictional
forces increase as the .distance from the building increases (See figure 3 below).



Catawba Nuclear Station Units 1 & 2 Page 11
Title: Nuclear Service Water Pipe Seismic Analysis, Buried Portion
File: CNC-1206.02-84-0001, Revision 14, Attachment A
By: Date: "2/2up/o) Checked: &&-c.. Date: 4//Z4•/AZ_

SBuilding Displacement A

Friction Force

Maximum Friction Forcefl

Buried Pipe

Figure 3

The axial force (P=fl) developed in the pipe due to the building movement is equal to the
friction force developed over the length (1). The length (1) is a function of the average
friction force. This is because the force developed in the pipe due the building movement
is decreasing as (1) increases due to the increasing friction force. Therefore, the
maximum axial force in the pipe would occur at the penetration. The average friction
force Fftioi,, would equal the force produced by the building displacement FA.

fl
Ffriction , where: f= friction force between the soil and the pipe per unit length, 1 =

length over which this force is developed.

FA = EPAA where Ep = pipe modulus of elasticity, A pipe cross-sectional area, A =

imposed building displacement, 1 = same as above.

Friction = FA,- fl- EPAA ,solveforl,12  2EAA , substituting 1 back into the original
2 1 f

equation P =fl

p2= 21 =f 2 2EAApf22E 2EAfA, P = 22EAfA , (Same equation as reference 6,2).f

Axial~~ Stes P r2EAfAAxial Stress A = - , therefore if (A) is the only variable then the axial stress
A A

would very as a function of or or
A VA
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The above conditions only apply to cases where the axial run of pipe lact, is greater than 1,

where: (1 = f). For the case where 1act < I then the maximum force that can be
f

developed in the actual run due to friction is equal to (fl0 ,). The maximum deflection

A,., is equal to (Am = -- ). This is the maximum deflection that can be absorbed by
2EA

the axial run. The remaining building deflection will be absorbed by the transverse run.
As before the displacement imposed on the transverse run will be evaluated as a beam on
an elastic foundation. The axial force produced by this displacement (S) will be
calculated using the following equations.

S kA ,where: k is coefficient of subgrade reaction, 2, C1, C2 and C3c2
2(2C-C- 2C

represents the structural characteristics of the system.

ýEý,D E, k Cosh Ac
k=0.651  =4_ , sinh2 l -sin/ cos 2/h

E I 1 -, 2  sinh 2 2Al -sin 2 2Al

sinh l 21 i 2 /11 V 4 osDl 04 (Do - 2t)4 )
2 sinh2  +sin sinh2/l cosh2/ +sin2/1 Cos All2=sinh2 / -sin 2 2/1 ' sinh 2 2/1 -sin 2 2Al ' 64

Where: D = diameter of the pipe, E, = modulus of elasticity of the soil, Ep = modulus of
elasticity of the pipe, I = moment of inertia of the pipe, 11 = Islip = the effective slippage
length.

Based on the existing evaluation the following locations required evaluation at the
building penetration. Included for each location are the building displacements that were
evaluated, the assumed length of the axial run and the existing axial stresses.

42" pipe at the connection to the SNSW Discharge Structure
SSE Displacement Axial/Lateral = 0.006562" and Vertical = 0.004375", resultant lateral
= 0.00789"
Axial run length = 28'= 336", Existing Axial Stress = 1811.3 psi (Reference this
calculation page 151)

42" pipe at the connection to the Auxiliary Building
SSE Displacement Axial = 0.01374", Lateral = 0.014328" and Vertical = 0"
Axial run length = 110' = 1320", Existing Axial Stress = 2033.0 psi (Reference this
calculation page 155-156)
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30" pipe at the connection to the NSW Pump Structure
SSE Displacement Axial = 0.00314", Lateral = 0.003204" and Vertical = 0"
Axial run length = 10' =120", Existing Axial Stress = 649.8+99.6 = 749.4 psi (Reference
this calculation page 159-161)

30" pipe at the connection to the Auxiliary Building
SSE Displacement Axial = 0.01374", Lateral = 0.014328" and Vertical = 0"
Axial run length = 121' = 1452", Existing Axial Stress = 3932.7+435.6 = 4368.3 psi
(Reference this calculation page 163-164)

12" Pipe at the connection to the Diesel Generator Building
SSE Displacement Axial = 0.003", Lateral = 0.003" and Vertical = 0"
Axial run length = 14.5'= 174", Existing Axial Stress = 2960.8+142.5 = 3103.3 psi
(Reference this calculation page 166-168)

10" Pipe at the connection to the Diesel Generator Building
SSE Displacement Axial = 0.003", Lateral = 0.003" and Vertical = 0"
Axial run length = 14.5' = 174",.Existing Axial Stress = 2960.8+142.5 = 3103.3 psi
(Reference this calculation page 166-168)

The axial conditions defined above were evaluated using the method, equations
previously defined, and nominal pipe conditions. The results of this evaluation are
documented in Tables 9 through 11. The same conditions were re-evaluated using ½ the
nominal wall thickness. The results of this evaluation are documented in Tables 12
through 14. The length of the transverse run used in Tables 10 and 13 was increased until
the geometry factors C1, C2 and C3 were equal to 1.0. This condition produces the
maximum axial load and bending moment. Table 15 contains a comparison of the
nominal Wall thickness, reduced wall thickness and existing cases. From this comparison
it can be seen that the increase in axial stress is negligible and would not significantly
affect the combined stresses. In some cases, the stress for the reduced wall thickness case
is less than the existing results. This is due to the conservatism in the existing analysis.
The cases where the actual axial run is less than the required axial run bending stresses
were calculated. From the comparison, it can be seen that these stresses decreased under
the reduced thickness case. The reduction is because the axial run is absorbing more of
the deflection thus reducing the amount of deflection being applied to the transverse run.

The above procedure was repeated for the lateral movements except that only bending
stresses were considered. The actual length of the axial run was conservatively not used
since increasing the length until the geometry factors C1 , C2 and C3 were equal to 1.0
produces the most conservative results. Again, the stresses for the nominal wall and ½1
the nominal wall thickness were evaluated.
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The results of this evaluation are given in Tables 16 and 17. Table 18 contains a
comparison of the nominal wall thickness and the reduced wall thickness. From this
comparison it can be seen that the increase in axial stress is negligible and would not
significantly affect the combined stresses.

10.6 Pipe Bending Stresses Caused by Deflection Produced by Soil Settlement

The Catawba UFSAR Section 2.5.4.8 discusses the presence of a pocket of firm alluvial
soil between the compacted backfill and the partially weathered rock at boring number A-
138. The 42" diameter RN pipe crosses over this alluvial soil pocket. The UFSAR
indicates that this soil pocket would be subject to liquefaction during and SSE event.
This soil pocket is expected to reconsolidate after liquefaction, and is expected to result in
some permanent settlement of the ground surface and sub-grade. The piping is assumed
to conform to this settlement curve. Per the UFSAR the maximum radius of curvature for
the soil deflection is 48,350". The UFSAR also states that for the sake of calculating the
maximum potential stress in the pipe due to this settlement, the maximum radius of
curvature computed above should be imposed on the buried pipe and the maximum
stresses calculated.

Per section 10.3 of this calculation the strain in a pipe due to an imposed radius of

curvature is equal to ep = L-, where: Rp = radius to the pipe OD (Rp =42/2=21") and R,1Rt

- the imposed radius of curvature (R,1=48,350"). The stress in the pipe would be equal to
Cyb -"EpEp.

RpEp 2lx27,900,000 =12118psi

Rc1 48,350

As can be seen from the above equation the only pipe property that affects the bending
stress produced by the imposed settlement is the radius to the pipe OD. Therefore, a
reduction in wall thickness would not affect the above stress.

10.7 Bending Stresses Induced by Undermining of Supporting Soil due to Potential
Failure of Condensate CoolingWater (RC) Piping

Catawba UFSAR Section 9.2.1.2.1 indicates that the Nuclear Service Water lines cross
over the condenser cooling water lines (RC). These (RC) lines are low-pressure and
could only affect the (RN) lines by undermining the surrounding soil due to a possible
loss of cooling water. Detection of this (RC) inventory loss and system shutdown would

* occur prior to any significant detrimental affect on the (RN) pipe for a normal leak.
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PRODUCT DESCRIPTION
The replacement of buried carbon steel pipe with polyethylene (PE) pipe is an economical
solution. The labor costs to install polyethylene pipe are 10 times less than that for carbon steel.
The American Society of Mechanical Engineers (ASME) Code currently does not accommodate
the use of nonmetallic piping in power plants. However, PE pipe has been successfully used in
non-safety-related systems such as water mains and natural gas pipelines.

This report includes an analysis method and allowable limits of all modes of failure of high-
density polyethylene (HDPE) pipe made from PE 3408 resin. The methods included comply with
ASME Power Piping Code, B31.1-2004, and Section III of the ASME Boiler and Pressure
Vessel Code. Extensive use was made of industrial research, data, and experience for 40 years of
use of HDPE piping. Allowable stresses are based on published data for design and service
levels A-D.

The analysis methodology described in this report is evolved into a proposed ASME Boiler and
Pressure Vessel Code, Section III, Division I Design Code Case for consideration by the Section
III Subcommittee on Nuclear Power. The suggested Code Case is included as
Appendix A to this report.

The commercial light water reactors operating within the United States have been in service for
approximately 20 to 35 years. These plants include buried service water piping systems made
primarily from low carbon steel. This piping has been subjected to aging over the years, resulting
in degradation and corrosion that will require replacement of the piping. Due to the advantageous
cost and durability of HDPE piping (as demonstrated in other commercial industries), the ASME
Code inclusion of this piping is logical. Duke Power has expressed interest in replacing a portion
of their buried service water piping at the Catawba Nuclear Station with HDPE pipe. Duke
Power has teamed with EPRI to develop appropriate ASME Code requirements. Other nuclear
utilities will follow when HDPE piping is included in the ASME Code.

Results and Findings

This report provides the background and basis for using HDPE pipe in buried ASME Boiler and
Pressure Vessel Code, Section III, Division I applications. The report presents design criteria
that will result in a final piping design with similar design margins as presently prescribed for
steel piping once degradation of the properties over time is considered. Facilities using this
methodology will have a cost-effective alternative to the replacement of degraded underground
piping in water service..

Challenges and Objectives

Nuclear utility managers, system engineers, design engineers, and the nuclear engineering
service industry should make use of this report. The labor costs to install polyethylene pipe arelO
times less than to install carbon steel pipe. Nuclear utility management will be in a position to
further promote the use of HDPE pipe as a cost-effective and highly durable alternative to carbon
steel pipe in low-temperature, low-pressure applications.

V



Applications, Values, and Use

HDPE pipe does not appear at this time to be technically inferior to carbon steel pipe for low-
temperature, low-pressure applications based on its service record to date in other commercial
applications. However, the fatigue and test data available for HDPE pipe are very limited
compared to carbon steel pipe. Specifically, stress intensity factors based on test data have not
been developed for HDPE pipe. When this test data void is filled, the analysis methods
established in this report may be expanded to include the use of HDPE pipe in aboveground
applications.

EPRI Perspective

EPRI has provided the resources to complete the engineering evaluation of HDPE material for
ASME applications and for filling the testing void that currently exists. To date, the HDPE pipe
suppliers have not funded the projects required to demonstrate HDPE pipe adequacy for ASME
Code applications.

Approach

The goal of this report is to provide the required technical basis for an ASME Code Case to
allow use of HDPE pipe in buried applications for water service at limited temperature and
pressure.

Keywords

* Buried pipe
Class 3 piping
High-density polyethylene (HDPE) pipe
Service water piping
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MW ABSTRACT
EPRI sponsored this report to provide technical support for a Relief Request and an American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code Case to allow
medium- and high-density polyethylene (PE) pipe to be used as an alternative for repairing or
replacing buried Class 3 piping.

The replacement of buried carbon steel pipe with polyethylene pipe is an economical solution.
The labor costs to install polyethylene pipe arel0 times less than that for carbon steel. The
ASME Code has not historically actively supported nonmetallic piping in power plants.
However, it has been successfully used in non-safety-related systems such as water mains and
natural gas pipelines.

This document proposes the analyses and allowable limit of all modes of failure of high-density
polyethylene (HDPE) piping made from PE 3408 resin. The methods comply with ASME Power
Piping Code B31.1-2004 and Section III of the ASME Boiler and Pressure Vessel Code.
Extensive use was made of industrial research, data, and experience for 40 years of use of HDPE
piping. Specifically, information was compiled from the Chevron-Phillips Chemical Company's
2003 Performance Pipe Engineering Manual [1]. ASTM standards and previous manuals on
HDPE piping are also referenced. Allowable stresses are based on published data for design and
service levels A to D.

Bending fatigue data for this application must be obtained so that the fatigue evaluation from
seismic loading can be conducted more accurately. At present, there is no known extensive
bending fatigue data on HDPE available in the open literature. A test program has been funded
by EPRI. Material and specimens for that program were ordered in March 2006, and data will be
obtained this summer. Preliminary testing on HDPE piping indicated that cyclic failure strains
are on the order of 20,000 to 25,000 pin/in. Because of these large strains, bending fatigue from
seismic excitation on buried pipe should not affect system design. However, these data are
needed to understand the dynamic behavior of this material.

If approved as a Code Case, these design recommendations should be incorporated into NCA-
2142, NCA-3252, ND-3 100, ND-3600, Non-Mandatory Appendix B, and Non-Mandatory
Appendix N of the ASME Boiler and Pressure Vessel Code (BPVC), Section I11.
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1
BACKGROUND AND SCOPE

1.1 Background

EPRI sponsored this report to provide technical support for a Relief Request and an American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code Case to allow
medium- and high-density polyethylene (PE) pipe to be used as an alternative for repairing or
replacing buried Class 3 piping.

The replacement of buried carbon steel pipe with polyethylene pipe is an economical solution.
The labor costs to install polyethylene pipe are ten times less than to install carbon steel pipe.
The ASME Code has not historically actively supported nonmetallic piping in power plants.
However, it has been successfully used in non-safety-related systems such as water mains and
natural gas pipelines.

An analysis methodology is needed to support these efforts. The purpose of this report is to
present an analysis methodology. The analysis methodology described here is evolved into a
proposed ASME Boiler and Pressure Vessel Code, Section III, Division I Design Code Case and
is included as Appendix A to this report.

A similar effort will be made for aboveground piping after the buried PE project is completed.

1.2 Scope

The primary scope of this document is to develop seismic design criteria for buried high-density
polyethylene (PE or HDPE) piping for use in development of an ASME Boiler and Pressure
Vessel Code Case. This Code Case will allow the use of buried PE pipe in the ASME Boiler and
Pressure Vessel, Section III, Division 1, Class 3 applications (Subsection ND). Coincident loads
have been defined and considered as part of this effort. The development of coincident load
criteria for all applicable loads is not the primary scope of this project. The focus of this report is
earthquake (seismic) loads. However, to adequately develop code acceptance criteria for seismic
loads, coincident loads must be addressed. Therefore, coincident load criteria developed by
others may be selected and incorporated as appropriate. Specific coincident load criteria could
subsequently be changed by EPRI, but the framework of this report and the resulting criteria
could easily accommodate such changes.

This report develops design methods for all loading conditions as well as a seismic analysis
methodology for buried PE pipe. A pilot system analysis is conducted on a 12-in. to 14-in. buried
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VHDPE piping system. The Catawba Power Plant provided the necessary information to complete
the analysis including ground accelerations, soil type, trench design, operating pressures, and
system drawings.

The ASME Boiler and Pressure Vessel Code, Section III, Division I requires that all applied
loadings be classified into appropriate service levels (A, B, C, and D) and that all simultaneously
occurring loads be considered concurrently in the assigned service level. Therefore, to develop a
criterion that will be acceptable for evolution into an ASME Boiler and Pressure Vessel Code,
Section III, Division I Design Code Case concurrent loads are considered. The methodology
developed in this report considers all applicable applied loads including seismic loads. This
results in the development of the applicable concurrent load case combinations for all ASME
Boiler and Pressure Vessel Code service levels. The criterion as developed is evolved into a
suggested design section of a Code Case for Section III of the ASME Boiler and Pressure Vessel
Code.

1.3 Nomenclature

The following nomenclature is used throughout this report:

%ID = Percentage allowable deflection (Section 5.10 and Table 5-7).

A = Cross-sectional area of the pipe [in 2].

A, = Net cross-sectional area of the pipe [in 2].

* a = Coefficient of thermal expansion [1/F] (Section 4.4).

a, = Bedding angle (Figure 5-2)

ak = Seismic wave curvature coefficient (equals 1.0 for shear and Rayleigh waves and
1.6 for compression waves). Normally only Rayleigh waves need to be considered
(Section 4.5).

= Seismic wave coefficient (equals 1.0 for compression and Rayleigh waves and 2.0

for shear waves). (Section 4.5).

a = An adhesion factor varying with S_ (Figure 4-2 and Section 4.6).

B, and B2 = The primary stress indices defined in ASME Code [13] and in Equations 5-3 and
5-4. Interim values for fittings are calculated based on ASME Code methods and
increased by the fitting derating factor as presented in Appendix 3.

B' = Elastic support factor (Section 5.6).

B, = Trench width (Section 4.1 and Figure 4-1).

Br... = East-west basemat rotation (rotation about the x axis in Figure 4-3 and Section
4.5) [radians].

Br,,, = North-south basemat rotation (rotation about the y axis in Figure 4-3 and Section
4.5) [radians].0
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B1  = Bulk modulus of the fluid [for fresh water, B, = 43,200,000 lb/ft2] (Section 4.6).

= Constant used to calculate the influence length where the movements in buried
piping are absorbed (Section B.4).

ce = Allowance for erosion or mechanical damage.

c R c, cs = Seismic wave velocity (Rayleigh, P, or S respectively) at pipeline [in/sec] with the
term c k c is obtained by the square root sum of the squares of the individual wave
types acting concurrently (shear, compressive, or Rayleigh). Normally only
Rayleigh waves need to be considered (Section 4.5).

cl = Water hammer wave velocity in the pipe [in/sec] from Equation (4-22).

C = Surface factor for transportation loads (Section 4.2 and Table 4-1).

C", = Soil adhesion [psi] consisting of a*S,, where S, is the undrained shear strength of
the soil (Section 4.5).

d =The horizontal distance from the location of the lumped mass analytical model
(relative to the building structure) to the point [in.] at which the piping exits the
building). (Figure 4-3).

did. = Displacement d calculated using the formulations in Table A2.l.

dT = Equivalent differential temperature for a seismic strain in the pipe wall (Section
4.5).

D = Outside pipe diameter.

D, = Pipe inside diameter [in.].

D,,, • = Mean pipe diameter, D,,, = D-1.06t (Section 5.11.)

DR = Pipe dimension ratio for OD controlled pipe, D/t.

DLF = Dynamic load factor for calculating water hammer forces conservatively taken as
2 (Section 4.6).

5 = Friction angle pipe soil [deg.] 6 clay = 0, 6 sand = 0.5 4 to 0.8 4x

= Normal pressure between the soil and pipe (Section 4.5).

AX = The horizontal deflection at the pipe crown from trench and transportation loads
(Section 5.10).

Ay = Vertical basemat displacement [in.] (Section 4.5).

A,, = Resulting north-south Seismic basemat displacement [in.] (Section 4.5).

Aw = Resulting east-west seismic basemat displacement [in.] (Section 4.5).

O A,,,, = Resulting vertical seismic basemat displacement [in.] (Section 4.5).
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Ain,,, = North-south seismic displacement at the piping elevation [in.] (Section 4.5).

Ain,... = East-west seismic displacement at the piping elevation [in.] (Section 4.5).

= Vertical seismic displacement at the piping elevation [in.] (In most cases, An , 0.), 0)
(Section 4.5).

E = The soil reaction modulus (listed in Table 5-4, Section 5.1.2 of this report or in Table
7-7 of Performance Pipe Engineering Manual [1]) (Section 5.6).

E = Modulus of elasticity of pipe [psi] (see Table 3-5 for values)

E, = Short-term modulus of elasticity of pipe [psi] (see Table 3-5 for values.)

E,,, = Secant modulus of elasticity of pipe associated with axial strain (E),.....

(ý,), = Maximum pipe strain caused by earthquake waves (Section 4.5.1).

l = Axial strain at the pipe top and bottom due to soil curvature (Equation 4-10, Section
4.5.1).

6ý = Axial strain in the pipe transmitted through shear between the soil and the pipe
(Section 4.5).

CT = Strain in the pipe caused by thermal expansion (Section 4.4).

F = Predominant earthquake wave frequency [Hz] (Section 4.5).

f, = Service environmental design factor (Table 3-3).

f.j = Force f, calculated using the formulations in Table B-l, Section B.2.4.

fT = Service temperature design factor (Table 3-2).

f, = Ovality compensation factor in Figure 5-1 (Section 5.6).

F = Impact factor for surface load. (Use 1.50 for unpaved roads, 1.15 for 2-3 ft cover, and
1.0 for more than 3-ft cover for paved roads. Refer to AREA specifications for
railways. For a static load, F=I.) (Section 4.2).

F = The primary resultant axial load if any (Sections 4.5 and 5.4).

F, = Pipe axial force caused by building settlement (Section 4.3).

FT = Pipe axial force caused by thermal loading (Section 4.4).

F,, = Buoyancy force [lb/ft] (Section 5.12).

Ff = Fitting factor (Table 4-3).

FH = Frost heave.

FL = Flood loads.
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F,,, = Breakaway pipe soil force [lb/in] (Section 4.5).

FS = Factor of safety (FS = 2.0 for Level A, 1.8 for Level B, and 1.5 for Levels C and D)
(Section 5.7).

0 = Angle associated with building basemat displacement (Section 4.6 and Figure 4-3).

Y, = Linear weight of pipe (including contents) [lb/in] (Section 4.5).

= The specific weight of the soil (Section 5.12).

The specific weight of the water (Section 5.12).

H = Height of fill (or cover) above top of pipe [in.] (Figure 4-1, Sections 4.1 and 5.6).

H' = Ground water height above the pipe crown [in.] (>48 inches) (Section 5.6).

H = Maximum values of H for calculating trench loads, H,,,,,. < 10 D (for granular soils),
H ..... < 15 D (for clay).

HDB = Hydrostatic design basis (HDB) of 50 years [438,000 h].

IDR = Pipe dimension ratio for ID controlled pipe, D, / t.

k = Pipe bending curvature due to seismic waves (Section 4.5).

k,,i = The service level stress factor listed in Table 5-3 for i = A, B, C, or D.

kij = Spring stiffness in a given direction calculated using the formulations in Table A.2.1
or using the methodology in ASME B31.1 [28].

K,, = Bedding factor, usually 0.1 (Section 5.10).

K = Coefficient of soil pressure at rest, 0.5 to 1.0, may conservatively take as 1.0
(Equation 4.11).

Kpo = Spring due to pipe ovaling [lb/in) (Section B.1).

K ,,,, ,,,, = Combined soil-ovaling spring in a given direction [lb/in] (Section B.2).

= Effective length of pipe for surface load = 36 in. (Section 4.2).

L = Deflection lag factor (1.0 recommended for short-term loads and 1.5 for long-term
loads) (Section 5.10).

Ll. = Effective length of piping modeled by the discreet spring (Section B.1).

L, = The length of pipe [I ft]. (Section 5.12).

L = Wave length of passing seismic wave [in]. Calculated as the seismic wave velocity,
divided by the predominant frequency (Section 4.5).

Lp = Influence length where movements in buried piping are absorbed.

M, = The primary resultant moment loading the cross section if any (Section 5.4).
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MI = Resultant moment from building settlement (Section 4.3).

MrT = Resultant moment from thermal loads (Section 4.4).

N,' = Horizontal bearing capacity factor for clay (varies with H/d, refer to Figure B-2(b),
Section B.3, to determine factor).

NI = Vertical up-bearing capacity factor for clay (varies with H/d, refer to Figure B-5,
Section B.3).

N Downward bearing capacity factor I for sand (varies with 0, refer to Figure B-3,
Section B.3, to determine).

N,, = Horizontal bearing capacity factor for sand (varies with Hid and q5, refer to
Figure B-I and B-2[a], Section B.3).

N = Vertical up-bearing capacity factor for sand (varies with Hid and q5, refer to
Figure B-4, Section B.3.

Ny = Downward bearing capacity factor 2 for sand (varies with 4), refer to Figure B-3,
Section B.3, to determine factor).

v = Poisson's ratio (Sections 3.5 and 4.4).

v,. = Poisson's ratio for the bedrock (Section 4.5).

P = Long-term design pressure for the pipe (Section 5.4).

P' = Short-term internal hydrostatic pressure.

P.s = Concentrated surface load [lb] (wheel load or train axle load) (Section 4.2).

Pull = Water hammer surge pressure [psi] (Equation 4-21, Section 4.6).

PCr = Critical constraining buckling pressure (compared to trench soil loads and traffic
loads on the pipe crown) (Section 5.6).

P,.......= Trench load or transportation loads on the pipe crown [lb/in 2 ] (Equation 4-1, Section
4.1, Equation 4-2, Section 4.2, and Section 5.7).

P,,,1,, = Minimum inside pressure in piping (Section 4.4).

PGV Peak ground velocity [in/sec] (Estimates are PGV 48*PGA for soil and PGV =
36*PGA for rock) (Section 4.5.)

PGA = Peak ground acceleration [in/sec 2] (Section 4.5).

0 = Friction angle of soil or angle of internal friction [deg], where 5 = 0 deg. for clay,
20 deg. for cohesive granular soil, and 30-36 deg. for sand (Section 4.5).

R = Reduction factor. R{H, D} in Table 4-2 (Section 4.2).

R,, = Buoyancy reduction factor (Section 5.6).0
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62.4 lb - sec2

p - = 1.94
p = Fluid density { 32.2 ft4  } (Section 4.6).

S = Hydrostatic design stress (Section 3.1 and Appendix 5).

SAM = Seismic anchor motion.

SL = Building settlement loads.

Su = Undrained shear strength for clay (calculated from pile driving data)
(Section B.3).

Su = Ultimate strength.

S = Membrane stress.

S, = Design membrane stress for HDPE piping at temperature.

Ss = Basic allowable stress for short-term loads (Table 5-2).

SLP = Hoop pressure stress in the pipe wall (Section 5.2).
N

Seismic Loads = Wave (OBE-W/SSE-W) or SAM (OBE-D/SSE-D).

(TT = Thermal stress from piping analysis (Section 4.4).

o-E = Earthquake stress (Equation 4-16, Section 4.5.1).

t = Minimum pipe wall thickness.

t, = Design thickness.

T = Temperature in R (Appendix 5).

(T 2 - T,) = Difference between the design temperature and ambient temperature for the
pipe (Section 4.4).

TL = Thermal expansion loads.

T, = Basemat torsional rotation (rotation about the z axis) [radians]. (Section 4.5).

To = Time in years

O = Angle orienting d (Figure 4.3).

V = Fluid velocity [ft/sec] (Section 4.6).

Vs = The shear wave velocity of the bedrock can be obtained from the SAR for the
plant (Section 4.5).

VR = Rayleigh wave velocity (Equations 4-8 and 4-9, Section 4.5.1).

W = Water weight.

W' = Trench loads (Section 4.1).
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S WL = Weight of the liquid in a foot of pipe [lb/ft] (Section 5.12).

W,, = Pipe weight (for nonburied portion of pipe).

Wý = Weight of a foot of pipe [lb/ft] (Section 5.12).

W., = Soil weight over a foot of pipe [lb/ft] (Section 5.12).

Z = Section modulus of the pipe (Section 5.4).

It should be noted that some equations from source documents were modified to provide a
consistent nomenclature throughout the document.

1.4 Conversions

These conversion factors are provided to assist the reader in converting various measures
referenced in this report.

Table 1-1
Conversion Table

Convert To By
0F C I°F =(°C x 9/5) + 32

g Ibm I g = .00220462 Ibm

Ibm kg I Ibm = 0.45359237 kg

g/cm3  lb/in.' I g/cm' = 0.3612730 lb/in.:

lb/in.3  g/cm3  I lb/in.' = 27.67990 g/cm3

in. mm I in. =25.4 mm
in2  mm I in.2 645.2 mm-

ft m I ft = 0.3048 m

lbf N I lbf = 4.4482 N

ft-lb N-m 1 ft-lb = 1.355818 N-m

lb/in. N/m I lb/in. = 175.1268 N/m

lb/in.2 (psi) N/mm 2  I b/in.2 
= 0.006895 N/mm2

lb/ft N/m I lb/ft - 14.59390 N/m

lb/ft2  kg/m 2  I lb/ft 2 
= 4.882429 kg/m 2

micro in./in. micro m/m I micro in. = 0.0254 micro m

psi kPa I psi = 6.894757 kPa

0

0
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2
DESIGN LOADS AND FAILURE MODES

2.1 Load Definitions

Potentially significant loads to be considered for the design of buried high-density polyethylene
piping are included in the following list.

* Long-term internal hydrostatic pressure (P)

* Short-term internal hydrostatic pressure (P)

* Thermal expansion loads (TL)

* Surge pressures (water hammer) (P,,)

* Dead weight loads on buried pipe

-Pipe weight (W,,) (for nonburied portion of pipe)

-Trench loads (W)

-Water weight (W)

• Transportation loads (vehicles, railroads, etc.) on buried pipe (P)

* Building settlement loads (S)

0 Frost heave (FH)

* Overburden loads on the pipe crown (P from the soil trench loads (W'), and
transportation loads (P,)

" Buckling from overburden loads (P.,.)

" Flood loads (FL)

" Seismic loads

-Wave (OBE-W/SSE-W)

-SAM (OBE-D/SSE-D)

2.2 Failure Modes

Failure modes that must be considered are contained in the following list.

" Viscoelastic (stress-rupture) failure of the pipe wall

" Exceeding axial bending strain limits from earthquake deflections, ground and building
settlement, etc.

* Through-wall ring bending strains

* Unconstrained buckling in the ring mode (ovalization) caused by compressive overpressure

* Constrained buckling in the ring mode (ovalization) caused by compressive overpressure

* Lateral buckling of the pipe from axial loads

* Axial buckling by warping
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* Crushing of the sidewalls from compressive hoop stresses

* Bending fatigue from seismic and other bending loads

* Buoyancy effects on buckling, pipe bending, and trench breakout, etc.

* Failure of mechanical joints (if any)

The limits on each possible failure mode are examined in Section 5.

2.3 Load Combinations

For the purpose of this report, the loads identified in Section 2.1 are assigned to specific service
levels. Table 2.1 provides a suggested categorization of known design loads. The final definition
of loads, load combinations, and assignment of service levels per specified application must be
done in the piping design specification. Itis suggested that the categorization information
provided here be placed in the Code Case as guidance for the development of the design
specification'. If they are approved, these design recommendations should be incorporated into
non-mandatory Appendix B of the ASME BPVC Section III. Portions of this information may
also be incorporated into NCA-2142 and NCA-3252. The suggested load combinations and
assignment of service levels are outlined in Table 2.1.

Table 2-1
Load Combinations and Assigned Service Levels

Primary Secondary One-Time

Design P + W"

Level A P + W, + P, T,+FH S,

Level B P + W' + P, T, + OBE-W+OBE-W,,, None

Level C P + W' + P, + F T, (extreme up to 140"F) None

Level D None T, (faulted >140"F) None

SSE-W + SSE-D

2.4 Assignment of Service Levels

2.4.1 Service Level Definitions

The following paragraphs provide a discussion of ASME service levels and the level of
protection provided.

Design Limits: Design service limits are those sets of limits that must be satisfied for all design
loadings in the design specification. These usually include design pressure, weight, and design
mechanical loads.

Level A Service Limits: Level A service limits are those sets of limits that must be satisfied for
all Level A loadings identified in the piping design specification described in Section 2.3 to
which the polyethylene piping, fittings, and supports may be subjected in the performance of its
specified service function. The polyethylene piping, fittings, and supports must withstand these
loads without damage requiring repair.
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Level B Service Limits: Level B service limits are those sets of limits that must be satisfied for
all Level B loadings identified in the piping design specification described in Section 2.3 to
which the polyethylene piping, fittings, and supports may be subjected. The polyethylene piping,
fittings, and supports must withstand these loads without damage requiring repair.

Level C Service Limits: Level C service limits are those sets of limits that must be satisfied for
all Level C loadings identified in the piping design specification described in Section 2.3 to
which the polyethylene piping and its supports may be subjected. These limits permit large
deformations in the areas of structural discontinuity, which may necessitate the removal of the
component from service for inspection and repair.

Level D Service Limits: Level D service limits are those sets of limits that must be satisfied for
all Level D loadings identified in the piping design specification described in Section 2.3 to
which the polyethylene piping and its supports may be subjected. These sets of limits permit
gross general deformations in the piping and supports with some consequential loss of
dimensional stability and damage requiring repair, which may require removal of the component
from service.

2.4.2 Service Level Application

Service Limits: Load combinations and assigned service levels are summarized in Table 2-1.

Design Pressure: The pipe design pressure shall be based on the hoop stress for a specified
design life in years at the design temperature T with an end-of-life factor of safety (FS) of at least
2.0. The design temperature is limited from -20'F to 140'F.

Level A Service Limits: Standard operating loads are to be considered on buried polyethylene
piping fabricated from PE 3408 polyethylene pipe resin that include the design internal water
pressure, operating water temperature, soil overburden dead load, expected normal live loads
(from vehicles, railroads, etc.), soil settlement, thermal loads, and frost heave. The piping shall
be designed using allowable stresses based on a Hydrostatic Design Basis (HDB) for the
specified design life in years. However, design adequacy for live and dynamic loads shall be
determined using mechanical and allowable stress properties of the piping for the shorter time
durations described in Section 3.3. For Level A service limits, the end-of-life factor of safety is
at least 2.0. Buckling from both axial loading and the circumferential (ring) mode shall be
evaluated. Specified strain limits must not be exceeded. Bending fatigue stresses are limited to
about 10,000 cycles with an effective alternating stress of 1100 psi. The system must be able to
withstand these loads in the performance of its specific service function.

Level B Service Limits: In addition to the loads of Level A service limits, consideration should
be given to OBE loads, short-term internal hydrostatic pressure, and pressure surges acting on
the buried polyethylene piping. For buried pipe, earthquake loads include both the wave passage
effects and anchor motion stresses that are strain limited and therefore considered secondary
stresses. Seismic stresses are based on the OBE earthquake [11 ] provided that the plant includes
consideration of OBE for Class 3 designs. Specified strain limits must not be exceeded. Design
pressure loads shallprovide allowances for surge pressures, control system errors, and system
configuration effects such as static pressure heads. For Level B service limits, the end-of-life
factor of safety is at least 1.8. Material and allowable stress properties used to determine design
adequacy for live, dynamic, and buckling loads from both axial loading and the circumferential
(ring) mode shall be based on the shorter time durations described in Section 3.3. Bending
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Wfatigue stresses are limited to about 10,000 cycles with an effective alternating stress of 1100 psi.
The system must be able to withstand these loads without damage requiring repair.

Level C Service Limits: In addition to the loads of Level A service limits, flooding loads,
extreme thermal excursions, and surface impact loads on the buried polyethylene shall be
evaluated as level C loads. Each load is to be evaluated separately in service level C loads. In
addition, possible temperature excursions up to 140'F analyzed separately from the flood loads
shall be evaluated based on material properties and allowable stresses on the shorter time
durations described in Section 3.3. For Level C service limits, the end-of-life factor of safety is at
least 1.5. Buckling loads from both axial loading and the circumferential (ring) mode shall be
based on the material properties provided in Sections 3.0 and 5.0. The system may sustain
damage that may necessitate the removal of components or supports from service for inspection
or repair of the components or supports. The system must be able to besafely shutdown.

Level D Service Limits: In addition to the loads of Level A service limits acting on the buried
polyethylene piping fabricated from PS 3408 polyethylene pipe resin, seismic stresses from both
wave passage effects and anchor motion are to be determined based on the SSE earthquake.
Extreme overburden live loads from railroads or other heavy vehicle loads or crawlers are to be
evaluated. Possible temperature excursions above 140°F are to be evaluated. Allowable stresses
and material properties such as the elastic modulus and yield strength for live and dynamic loads
shall be based on the shorter time durations described in Section 3.3. For Level D service limits,
an end-of-life factor of safety is at least 1.5. The system may sustain damage that may necessitate
the removal of piping and piping components from service for inspection or repair. However, the
system must be able to be shutdown safely.

2.5 Basis of Factors of Safety

The current code factor of safety on pressure design is 3.0 for ASME Class I piping and 3.5 for

ASME Class 2/3. This is based on the consideration that S,', _< Su for Class I piping and
3

S, =SU for Class 2/3 piping.3.5

ASME B31.1 Code [18] has a factor of safety of 3.5 while the ASME B31.3 [16] Code uses a
factor of safety of approximately 3.0. For HDPE piping, the factor of safety used in the ASTM
and AWWA is approximately 2.0. Therefore, the resulting HDB value is the 50-year burst
capacity divided by 2.0. As discussed in subsequent sections of this report, an environmental
factor (f) of 0.5 (for water service) is applied to obtain the beginning of life factor of safety or
hydraulic design stress (HDS). Therefore, S, (HDS) = (HDB) * (f = 0.5) or the beginning of life
factor of safety for water service is 4.0 [(Burst Stress/2)*0.5]. As discussed in subsequent
sections, the factor f is used to account for material strength degradation with time when
subjected to water service. The S,, values provided in this report for a given design life are based
on full material strength degradation. Therefore, the minimum end-of-life factor of safety is
considered to be 2.0 but is probably larger.

To maintain an end-of-life factor of safety of 3.0-3.5 for HDPE will require an extremely thick
pipe wall. This extremely thick pipe wall will necessitate very large diameter pipes (when

* compared to steel piping) to maintain the required system flow rates.
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HDPE pipe is being considered for service water applications due to its high corrosion resistance
when compared to steel pipe. The steel pipe's rapid and severe susceptibility to erosion and
corrosion rapidly reduces the design factor of safety in a steel service water system. Therefore,
the actual factor of safety that exists in most service water systems in operation after years of use
is less than the design value of 3.5.

Currently, Class 2 and 3 piping systems have the same factor of safety of 3.5. However,
philosophically, Class 3 piping systems should have a lower factor of safety than Class 2 piping
systems. While this approach has never been implemented in the ASME Code, such an approach
is consistent with a graded approach to safety.

Considering these factors, it is suggested that a basic end-of-life factor of safety of at least 2.0 be
established for an end-of-life at a minimum S, = [(burst capacity)/2.0]. Having established the
basic allowable, the following allowable stress criteria are proposed:

Design: Sh (Minimum end-of-life FS = 2.0)
Level A: L.0S, (Minimum end-of-life FS = 2.0)
Level B: 1.1 S,(Minimum end-of-life FS = 1.82, use 1.8)
Level C/D: 1.33 S,, (Minimum end-of-life FS = 1.5)

The historical factors of safety for the subject service levels [20] for both Class 2.and 3 steel
piping are listed here:

Level A: FS = 3.0
Level B: FS = 2.25 to 3.0
Level C: FS = 1.5 to 2.25
Level D: FS = 1.0 to 1.5

The resulting end-of-life factors of safety for level A/B are somewhat less than the historical
factor of safety while the level C/D factor of safety is consistent with the historical levels.
Considering that HDPE will be limited to Class 3 applications, the proposed safety factors are
acceptable for this piping.
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3
MECHANICAL PROPERTIES
The Performance Pipe Engineering Manual [1], the Driscopipe Catalog [2], and the American
Water Works Association Standard Polyethylene (PE) Pressure Pipe and Fittings [3] detail the
analyses of loads on buried pipe except for seismic loading and fatigue from repeated bending
loads. The values of the basic material properties of polyethylene pipe are based on information
in these design manuals. Additional references [24-27] associated with polyethylene piping are
also provided.

3.1 Basis of Development of Allowable Design Stress Values

The static design of commercial polyethylene piping for internal pressure is usually based on
100,000 hour stress-life testing (11.43 years). These limits are normally determined from
extrapolation from 10,000 h tests [4]. Methods of extrapolation are based on an ASTM standard
[19]. Polyethylene is viscoelastic and will fail by stress rupture at high stresses [1, 2, and 5].
Stress limits for 50 years are also listed.

A service design factor of 2 (fE = 0.5) is normally applied to the 100,000 h stress-life data.
Furthermore, the strength of polyethylene decreases with temperature. Data to 50 years
(438,000 h) are also used for design. Static design data [1, 2] are available at room temperature
(73.4°F), 120'F, and 140'F. Design service temperature limits of HDPE piping are limited from
-20'F to 140°F in piping code applications [15].

It is assumed that the polyethylene piping will operate with a maximum temperature of 140'F
and that the piping is fabricated from PE 3408 polyethylene pipe resin such as
DriscoPlex 1000 [1]. (DriscoPlex is a trademark of Chevron Phillips Chemical Company LLC.)

At 438,000 h or 50 years, the stress-life strength decreases to 1580 psi [2] at 73.4°F. In Figure 3-
1, the Stress-Life curves are extended to 1,000,000 h at 120'F and 140'F by extrapolation on a
log-log curve. Stress-life (HDB) values are approximately 990 psi at 120°F and 800 psi at 140'F
for 438,000 h (Table 3-1).

Table 3-1
Stress-Life Design Hoop Stress DriscoPlex 1000 Fabricated from PE 3408 HDPE Resin

Temperature 73°F 120'F 140'F

Time, Hr HDB HDB HDB

1000 (41 day) 1780 psi 1140 psi 940 psi

100,000 (11.4 yr) 1640 psi 1030 psi 840 psi

438,000 (50 yr) 1590 psi 990 psi 800 psi
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0 The effects of temperature on polyethylene piping on the hydrostatic design basis stress (HDB)
are normalized to 1 at room temperature. In the Performance Pipe Engineering Manual [1], the
temperature factor, f, has a value of I at room temperature. Other values between 40'F and
140'F are listed in Table 3-2. The environmental factor fE(recommended by polyethylene piping
manufacturers and listed in Table 3-3) is 0.5 for potable and process water, benign chemicals,
brine, C0 2, H2S, sewage, glycol (antifreeze solution), and nonfederally regulated dry gas.

Table 3-2
Service Temperature Design Factor

Temperature ffor PE 3408"'• f~for PE 2406'2'

40'F 1.20 1.10

60'F 1.08 1.04

73 0F 1.00 1.00

lOO°F 0.78 0.92

120°F 0.63 0.86

140'F 0.50 0.80

PE 3408 is a high-density polyethylene resin.
121 PE 2406 is a medium-density polyethylene resin.

Table 3-3
Service Environmental Design Factor [1]

Application f•

Fluids such as potable water, process water, benign
chemicals, dry natural gas (nonfederally regulated), 0.50
brine, CO,, H2S, wastewater, sewage, and glycol/anti-
freeze solutions.

Dry natural gas (federally regulated) 0.32

Fluids such as solvating/permeating chemicals or soil
in 2% or greater concentrations, natural gas, or other 0.25
fuel-gas liquid condensates, crude oil, fuel oil,
gasoline, diesel, or kerosene hydrocarbon fuels.

The AWWA Standard for polyethylene pressure pipe designates PE 3406 resin as equivalent to
PE 2406 resin [3].

The allowable hydrostatic design stress (S) is related to the hydrostatic design basis stress as
shown in Equation 3-1.

HDS =HDB xf,, Eq. 3-1
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The resulting hydrodynamic design stresses (HDS) for potable water application is one-half of
the HDB. Values of HDB are provided in Section 5.1. The HDB stresses are provided for
10-year, 20-year, 30-year, 40-year, and 50-year design life using the data in Figure 3-1.

Stress-Life HDPE Pipe Fabricated from PE3408
Resin

1 .E+04

0,.

CLc' 1.E+03

U)

1 .E+02

1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

Time, hrs

Figure 3-1
HDB Curves for PE 3408 Resin Extrapolated to 1,000,000 Hours. (The 50-Year Life Is Indicated at
440,000 hours.)

3.2 Strain Limits

Allowable bending strain limits vary with the pipe dimension ratio (DR=D/t). As DR increases,
the allowable strain from bending due to distortion from thermal expansion, seismic pipe
motions, or soil settlement decreases. The associated bending strain must be less than allowable
limits to prevent local buckling or wrinkling. The basic allowable bending strains are given in
Table 3-4. These values were taken from Table 5-3 of the Performance Pipe Engineering
Manual [I].

The strain limits for fittings are increased by the factor (I/B 2 fitting). B2 is defined in
Appendix C.
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Table 3-4
Allowable Bending Strains

Pipe Allowable Bending Strain in/in
Dimension
Ratio, DR

DR< 13.5 0.025*f'S

13.5<DR<21 0.02*"fsL

DR>21 0.017*fs_

Where f,,. = factor for the service level for the types of loads being applied.
(fsL = 1.0 for service level A, f 1 .= 1.I for service level B, and f. 1.33 for service levels C and
D loads)

3.3 Elastic Modulus and Flexural Modulus

The elastic modulus of HDPE varies with temperature, stress, and time (because of
viscoelasticity). Data listed in Table 3-5 are taken from the Performance Pipe Engineering
Manual [1] for PE 3408 pipe resin. Values listed in Table 3-5 are determined for a tensile stress
of approximately 300 psi. Variation with stress and time at 73°F is presented [1, 2]. The flexural
modulus for pipe fabricated from PE 3408 resin at room temperature is about 135,000 psi [1, 2]
as compared to the tensile modulus of 110,000 psi.

Table 3-5
Elastic Moduli for Pipe Fabricated from PE 3408

Load Elastic Modulust 1000 psi (MPa) at Temperature 'F ('C)
Duration -20 (-29) 0 (-18) 40 (4) 60 (16) 73(23) 100 (38) 120 (49) 140 (60)

Short- 300.0 260.0 170.0 130.0 110.0 100.0 65.0 50.0
term (2069) (1793) (1172) (896) (758) (690) (448) (345)

10 h 140.8 122.0 79.8 61.0 57.5 46.9 30.5 23.5
(971) (841) (550) (421) (396) (323) (210) (162)

100 h 125.4 108.7 71.0 54.3 51.2 41.8 27.2 20.9
(865) (749) (490) (374) (353) (288) (188) (144)

1000 h 107.0 92.8 60.7 46.4 43.7 35.7 23.2 17.8
(738) (640) (419) (320) (301) (246) (160) (123)

1 yr 93.0 80.6 52.7 40.3 38.0 31.0 20.2 15.5
(641) (556) (363) (278) (262) (214) (139) (107)

10 yr 77.4 67.1 43.9 33.5 31.6 25.8 16.8 12.9
(534) (463) (303) (231) (218) (178) (116) (89)

50 yr 69.1 59.9 39.1 29.9 28.2 23.0 15.0 11.5
(476) (413) (270) (206) (194) (159) (103) (79)

fTypical values based on ASTM D638 testing of molded plaque material specimens.
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The elastic modulus varies significantly for the load duration. Therefore, care must be taken in
selecting the appropriate E for a given loading. Recommended durations for given loadings are
provided in the following list:

* Long-term internal hydrostatic pressure - 50 years

" Short-term internal hydrostatic pressure - 10 hours

" Thermal loads - 1000 hours

" Surge pressures (water hammer) - short term

" Dead loads on buried pipe - 50 years

* Live loads on buried pipe (vehicles, railroads, etc.) - 10 hours

" Soil settlement loads - 50 years

* Overburden loads - 50 years

" Effects of flood loads - 100 hours

" Seismic loads - short term

These selections of the load duration should be modified for situations that the designer knows
vary from those recommended here. The values of elastic modulus at these various durations are
given in Table 3-5. The allowable stress or strain for these load conditions may use the longer
duration allowable stress or strain (conservative) or the allowable stress or strain may be
consistent with the load duration. When checking the various criteria that include loads of
different duration with consistent properties, the formulation in Equation 3-2 should be used:

SLoad-I + SLoad-2 .. 1.0 Eq. 3-2
SAllow-Load-I SAIIow-Load-2

3.4 Coefficient of Thermal Expansion

The coefficient of thermal expansion (a,) that is typical for polyethylene piping is 9 x 10-5

in/in/0F [1].

3.5 Poisson's Ratio

The short-term value of Poisson's ratio (v) is 0.35 and the long-term value is 0.45 [1].

3.6 Bending Fatigue of Polyethylene Piping

There is very little published data on the bending fatigue of polyethylene piping. A number of
researchers have studied the fatigue of fusion-welded pipe subjected to alternating internal
pressure. In a limited study sponsored by the Pressure Vessel Council [7], a total of seven
specimens tested in bending fatigue are relevant to this application (Figures 3-2 and 3-3). The
testing was done at a very slow rate (1/16 Hz) on 4-in. DriscoPlex 1000 fabricated from PE 3408
resin with a DR of 11 (Figure 3-4). This slow testing rate was chosen to eliminate the effects of
heating at the crack tip. High-frequency oscillating stresses shorten the fatigue life of
thermoplastic fatigue specimens [8]. The investigators were unable to find any data indicating
that the rate of testing on polyethylene pipe in bending fatigue has been studied. As a result, the
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S tests for the seven data points shown on Figures 3-2 and 3-3 were performed at slow rates and
are believed to be upper-bound fatigue data points.

Stress Fatigue Data PE 3408

CL

Q,

3000

2600

2200

1800

1400

1000

1000 10000
Cy

100000 1000000
;Ies
N Plain Runout (2 points)

* Fusion Butt Runout

* Plain Failure

Fusion Butt Failure

Figure 3-2
Polyethylene Pipe Stress Fatigue Data [6]. (The Allowable Alternating Bending Stress is 1,100 psi.)
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Strain Fatigue Data PE 3408

C20000-N

0
S15000

10000

=- 5000 •,

1000 10000 100000 1000000

Cycles
* Plain Failure U Plain Runout

Fusion Butt Failure --- Fusion Butt Runout

Figure 3-3
Polyethylene Pipe Strain Fatigue Data [7]. The Allowable Cyclic Strain is 10,000 Micro in/in.

The two failures of the plain polyethylene piping without a fused joint occurred at the support
yokes where a stress concentration exists (Figure 3-4). The two failures of the fusion butt joined
pipe specimens occurred at stress concentrations associated with the edge of the fusion butt joint
(Figure 3-5). In this program, eight electro-fusion socket-joined polyethylene pipe specimens
were tested and an exploratory investigation of strain ratcheting of pressurized polyethylene pipe
was conducted.
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Figure 3-4
Fatigue Testing of Polyethylene Piping. Failures Occurred at the Edge of the Inner Yokes
Supporting the HDPE Pipe Without Butt Fusion Joints

Figure 3-5
Butt Fused HDPE Pipe. (There are Stress Concentrations on Both Inside and Outside Surfaces.)

These limited bending fatigue data are not sufficient to develop an accurate fatigue design curve
for fusion butt joined polyethylene piping. Additionally, the effect of the cyclic strain rate must
be studied. Earthquake response spectra usually peak at around 3-8 Hz. In addition to more
fatigue testing, the effect of the cyclic strain rate must be investigated.
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The limited data presented in Figures 3-2 and 3-3 indicate that cyclic bending stresses in the
order of 1100 psi should be safe for 10,000 to 100,000 cycles, but the limited data do not meet
ASME Section III code requirements for establishing fatigue limits. Until more data are
available, 1100 psi is considered an interim value for up to 10,000 cycles.

3.7 Short-Term Burst Tests

The Driscopipe Catalog [2] lists the results of short-time (one-minute) burst tests that are
summarized in Table 3-6. In these tests, typical room temperature hoop stresses are more than
twice the 50-year HDB and more than four times the allowable stresses (S) listed in Table 5-1.
These data indicate a large margin of safety for short-time overloads in the piping.

Table 3-6
Hoop Stresses at Failure from Short-Time Burst Tests

Temperature 'F Hoop Stress (psi)

73 3250

32 4300

0 5290

-20 5670

-40 6385

3.8 Tensile Strength of Polyethylene Pipe Materials

The tensile strength of polyethylene pipe materials varies with density as indicated in Table 3-7.
The PE 3408 resin has a density greater than 0.955 g/cm 3 and thus has a minimum short-term
tensile strength of 3000-3500 psi. PE 2406 is a medium density material with a minimum short-
term tensile strength of 2600-3000 psi.

Table 3-7
Short-Time Tensile Strength of Polyethylene [1]

Density, g/cm3 Tensile Strength, psi (MPa)

0.910-0.925 < 2,200 (< 15,000)

0.926-0.941 2,200- < 2,600 (15,000- < 18,000)

0.942-0.955 2,600- < 3,000 (18,000- < 21,000)

>0.955 3,000- < 3,500 (21,000- < 24000)

0
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4
DEMAND DEFINITION

4.1 Trench Soil Loads

The proper preparation of the trench and placement of the buried piping in the trench is the
subject of the applicable installation procedure at individual sites. The trench backfill selection
and compaction is outside the scope of this report. The selection and compaction is defined in the
applicable site specification. The height of the trench (H) and the density of the soil (y,,) are
defined with this selection.

The trench parameters (height H and width B1) will be determined based on pipe location (how
far below grade) and construction limitations (see Figure 4-1). The construction specification
will include the final soil density w of the fill material and its composition. Based on the trench
material, the loading on the piping is calculated using the Prism formula shown in Equation 4-1
(from Buried Pipe Design, Chapter 2, Equation 2-11 [33]).

Pcrown ... y=oil H Eq. 4-1

Where:

H = Height of fill above top of pipe [in]

Y-,, = Density of soil [lb/in3 ]

Pc,,.. = Loading at the pipe crown from the trench load [lb/in 2]

The height of fill that needs to be considered above the top of the pipe is limited by the
following:

H1.... < 10 D (for granular soils)

H1.... < 15 D (for clay)

When the piping is buried greater than the limit H,,,,,,, H may be taken as H,,,. in Equation 4.1.

Note that this formulation is conservative and appropriate for initial design. The limits on H to
calculate Pcr.... are based on the limits implied by the Marsten formulation [33] with the effective
trench width B, = 3D (a reasonable and conservative trench width).
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Figure 4-1
Trench Parameters

4.2 Transportation Loads

Maximum surface loadings for the vehicles or rails that may run over the buried piping system
must be determined. These loads are distributed over a linear, circular, or rectangular area using
the following formulation from American Water Works Association (AWWA) [9].

Pam. CRPF Eq. 4-2

ID

Where:

C Surface load factor C{ H,D } in Table 4-1.

R = Reduction factor R{H, D} in Table 4-2.

P = Concentration surface traffic load [lb] (wheel load or train axle load)

F = Impact factor for surface load. Use 1.50 for unpaved roads, 1.15 for 2-3-ft
cover and 1.0 for over 3-ft cover for paved roads. Refer to AREA
Specifications for railways. (For a static load, F=I .).

Effective length of pipe for surface load is 36 in.

D Outer diameter of pipe [in.].

13,,,-.-,= Loading on the pipe crown from the surface traffic load, P,, [lb / in2].

The load factor C in Table 4.1 implicitly includes the distribution of this load along a 36-in.
length (I) of pipe.

Alternatively, the loading, P..,w. may be conservatively calculated for a particular traffic load, P,
by projecting the surface load at a 45-degree angle from the surface load to an elevation at the
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centerline of the buried piping. The impact factor F and reduction factor R described previously
should also be applied to obtain the final pressure at the crown.

Table 4-1
Surface Load Factors for Single Truck or Train (Factors Reproduced from AWWA C1 50 [9])

Depth Pipe Size (inches)
of
Cover 3 4 6 8 10 12 14 16 18_
(feet) Surface Load Factor C

2.5 0.0196 0.0238 0.0340 0.0443 0.0538 0.0634 0.0726 0.0814 0.0899

3 0.0146 0.0177 0.0253 0.0330 0.0402 0.0475 0.0546 0.0614 0.0681

4 0.0088 0.0107 0.0153 0.0201 0.0245 0.0290 0.0335 0.0379 0.0422

5 0.0059 0.0071 0.0102 0.0134 0.0163 0.0194 0.0224 0.0254 0.0283

6 0.0042 0.0050 0.0072 0.0095 0.0116 0.0138 0.0159 0.0181 0.0202

7 0.0031 0.0038 0.0054 0.0071 0.0087 0.0103 0.0119 0.0135 0.0151

8 0.0024 0.0029 0.0042 0.0055 0.0067 0.0079 0.0092 0.0 104 0.0117

9 0.0019 0.0023 0.0033 0.0043 0.0053 0.0063 0.0073 0.0083 0.0093

10 0.0015 0.0019 0.0027 0.0035 0.0043 0.0051 0.0060 0.0068 0.0076

12 0.0011 0.0013 0.00 19 0.0025 0.0030 0.0036 0.0042 0.0047 0.0053

14 0.0008 0.0010 0.0014 0.0018 0.0022 0.0027 0.0031 0.0035 0.0039

16 0.0006 0.0007 0.0011 0.0014 0.0017 0.0020 0.0024 0.0027 0.0030

20 0.0004 0.0005 0.0007 0.0009 0.0011 0.0013 0.0015 0.0017 0.0019

24 0.0003 0.0003 0.0005 0.0006 0.0008 0.0009 0.0011 0.00 12 0.00 13

28 0.0002 0.0002 0.0003 0.0005 0.0006 0.0007 0.0008 0.0009 0.0010

32 0. -0002 0.0002 0.0003 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008
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Table 4-1 (continued)

Depth Pipe Size (inches.)
of
Cover 20 24 30 36 42 48 54 60 64
(feet.) Surface Load Factor C

2.5 0.0980 0.1130 0.1321 0.1479 0.1604 0.1705 0.11789 0.1829 0.1864

3 0.0746 0.0867 0.1028 0.1169 0.1286 0.1384 0.1471 0.1514 0.1552

4 0.0464 0.0545 0.0657 0.0761 0.0853 0.0936 0.1013 0.1055 0.1092

5 0.0312 0.0369 0.0449 0.0525 0.0595 0.0661 0.0724 0.0759 0.0792

6 0.0223 0.0264 0.0323 0.0381 0.0435 0.0486 0.0537 0.0566 0.0594

7 0.0167 0.0198 0.0243 0.0288 0.0329 0.0370 0.0412 0.0435 0.0458

8 0.0129 0.0154 0.0189 0.0224 0.0258 0.0290 0.0324 0.0344 0.0363

9 0.0103 0.0122 0.0151 0.0179 0.0206 0.0233 0.0261 0.0278 0.0293

10 0.0084 0.0100 0.0123 0.0147 0.0169 0.0191 0.0215 0.0228 0.0242

12 0.0059 0.0070 0.0086 0.0103 0.0119 0.0135 0.0152 0.0162 0.0172

14 0.0043 0.0052 0.0064 0.0076 0.0088 0.0100 0.0113 0.0121 0.0128

16 0.0033 0.0040 0.0049 0.0059 0.0068 0.0077 0.0087 0.0093 0.0099

20 0.0021 0.0025 0.0032 0.0038 0.0044 0.0050 0.0056 0.0060 0.0064

24 0.0015 0.0018 0.0022 0.0026 0.0030 0.0035 0.0039 0.0042 0.0045

28 0.0011 0.0013 0.0016 0.0019 0.0022 0.0026 0.0029 0.0031 0.0033

32 0.0008 0.0010 0.0012 0.0015 0.0017 0.0020 0.0022 0.0024 0.0025
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Table 4-2
Reduction Factors R for Surface Load Calculations (Factors Reproduced from AWWA C150 [9])

Pipe Size, Depth of Cover, H (feet)
D (inches) <4 4-7 8-10 >10

3-12 1.0" 1.0 1.0 1.0

14 0.92 1.0 1.0 1.0

16 0.88 0.95 1.0 1.0

18 0.85 0.90 1.0 1.0

20 0.83 0.90 0.95 1.0

24-30 0.81 0.85 0.95 1.0

36-64 0.80 0.85 0.90 1.0

4.3 Building Settlement

Building settlement displacements should be considered to the extent that further settlement of
the buildings may occur. If the actual amount of building settlement is unknown, the total
calculated design building settlement vertical displacements should be used. If the actual amount
of building settlement is known, the original estimated design building vertical settlement
displacements may be reduced by the amount of the existing settlement at the time of installation
of the PE pipe.

If the buried piping terminates in newly constructed buried or partially buried structures, the
amount of settlement of the structures should be calculated and included in the piping design
specification. Methods for calculation of building settlement displacements for such structures
are beyond the scope of this report. The maximum building settlement vertical displacements
should be applied to the piping system at the piping system-building interface.

The piping stress due to building settlement is calculated using a model as described in
Appendix B with soil springs input for the soil restraint or a simplified model that includes a
sufficient length of the PE pipe to adequately absorb the building displacements. The soil springs
and axial load considerations included in the Appendix B discussion must be included. When a
simplified model is used, a fixed support should be placed at the end. The fixed support provides
a conservative termination of the model for estimating stresses from building displacements.
Using this model F, (the axial tensile force on the pipe due to building settlement loads) and M,
(the resultant moment on the pipe from building settlement loads calculated by taking the square
root sum of the squares of the three components of moment about the axis of the pipe) are
derived for inclusion into the stress evaluation of the piping.

4.4 Thermal Expansion

When the pipe temperature is different from the soil temperature, the pipe will tend to expand or
contract relative to the soil. The soil stiffness will tend to resist the thermal displacement. The
temperature differential is applied to the pipe confined by the soil and the resulting loads are
calculated throughout the system. The resulting stress is then compared to the thermal stress
allowable as discussed in Section 5.
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For low temperature systems, the evaluation may consider the soil to be rigid and compute a
compressive stress in a rigidly constrained pipe [28] as shown in Equation 4-3. Constrained
buckling must also be considered (see Section 5).

E, = (x (T 2 - T') - v (P,,,in D / 2t) / E Eq. 4-3

Where:

E Modulus of elasticity of pipe [psi] (Section 3.0.)

a = Coefficient of thermal expansion [1/F]

(T2 - T) = Difference between the design temperature and ambient temperature for
the pipe

v = Poisson ratio of pipe

P,,,1,, = Minimum inside pressure in piping

D = Outside diameter of pipe [in.]

t = Minimum wall thickness of pipe

C= Strain in piping due to thermal expansion

Alternatively the piping stress due to thermal expansion may be calculated using a model as
described in Appendix B with soil springs input for the soil restraint. Using this model F,, (the
axial tensile force on the pipe due to thermal expansion loads) and M (the resultant moment on
the pipe from thermal expansion calculated by taking the square root sum of the squares of the
three components of moment about the axis of the pipe) are derived from the stress analysis.
(Note that the thermal analysis should be performed separately and should not include pressure.)
The stresses are evaluated in accordance with Section 5.4 and 5.16 (if applicable). The strain is
calculated from these results as shown in Equation 4-4.

ET = [(T - v (P.,.D/2t)] / E Eq. 4-4

Where:

T = Thermal stress from the piping analysis

It is noted that in this expression the value of cy.. from the piping stress analysis includes the axial
load F T and moments M, in all three orthogonal directions due to T2-T/.

4.5 Seismic Loads

There are two potential sources for seismic loads on the piping: loads from wave propagation in
the soil and from seismic anchor motion (SAM) of the buildings that form the boundary for the
buried pipe. Sections 4.5.1 and 4.5.2 present the methodology for calculating the loads from
these sources. Because the loads and stresses from these two sources are independent, they
should be calculated separately and combined using the square root sum of the squares (SRSS)
method.
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4.5.1 Seismic Loads from Wave Propagation

In calculating the effect of seismic loads on the piping from seismic wave propagation, there are
two considerations of interest. These considerations are the soil properties of the piping in the fill
and the bedrock properties in the area around the site. The soil properties around the pipe in the
following formulations are used to calculate the normal pressure between the pipe and the soil
and the breakaway pipe-soil force. The bedrock properties are used to calculate the speed of the
earthquake and length of the earthquake wave because the earthquake waves travels through the
bedrock to the site.

Soil Dynamics [10] describes the nature of earth particle movement at the surface during an
earthquake:

A particle at the surface first undergoes an oscillatory lateral displacement on the arrival
of the P wave (Compression Wave, also called Primary Wave), followed by a relatively
quiet period leading up to another oscillation at the arrival of the S wave (Shear Wave or
Secondary Wave). This motion is followed by an oscillation of much larger magnitude
when the R wave (Rayleigh wave) arrives. The time interval between wave arrivals
becomes greater and the amplitude of the oscillations becomes smaller with increasing
distance from the source. In addition, P-wave and S-wave amplitudes decay more rapidly
than that of an R wave. Therefore, the R wave is the most significant disturbance along
the surface of an elastic half space and at large distances from the source, may be the only
clearly distinguishable wave.

Because nuclear plants are generally sited tens or hundreds of miles from known active faults,
normally only consideration of Rayleigh waves is required. However, the seismic section of the
plant's safety analysis report (SAR) determines whether P or S waves require consideration due
to a potential source close to the site.

The strains in the pipe due to the wave passage in the soil are calculated using the following
formulations. These strains are either compared to the seismic allowable strain discussed in
Section 3.2 for the piping and the fittings or applied to the pipe using a model that includes soil
springs as described in Appendix B. The given formulations result in an equivalent strain c
and/or equivalent differential temperature dT, which is then applied to the piping. These
parameters are obtained as explained in the following text.

Determine the PGA (the peak ground acceleration) in terms of in/sec2 and g from the plant SAR.
In some instances, the PGV (peak ground velocity) in terms of in/sec is also available from the
SAR. If not available, a reasonable estimate may be calculated using Equations 4-5 and 4-6.

PGV = 48 * PGA (for soil) Eq. 4-5

PGV = 36 * PGA (for rock) Eq. 4-6

PGA is assumed to be expressed as a fraction of g. Note that Equations 4-5 and 4-6 are in
accordance with Section 2.2.3 of ASCE Standard 4-98 [11].
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Calculate the bending curvature, k, in the piping as presented in Section 3.5.2 of ASCE Standard
4-98 [11] as follows:

k= PGA Eq. 4-7
(ak c)2

Where:

PGA Peak ground acceleration [in/sec 2]

ak = Seismic wave curvature coefficient (equals I for shear and Rayleigh
waves and 1.6 for compression waves.) Note as described previously,
normally only Rayleigh waves need to be considered.

cR, c, cs Seismic wave velocity (Raleigh, P, or S respectively) at pipeline [in/sec]

The term akc is obtained by the square root sum of the squares of the individual wave types
acting concurrently (shear, compressive, or Rayleigh). Note as described previously, this is not
normally the case.

Note that the shear wave velocity Vs of the bedrock can be obtained from the SAR for the plant.
The Rayleigh wave velocity VR may be calculated using Equations 4-8 and 4-9.

For v, = 0.5, cR = Vi = 0.9553 Vs Eq. 4-8

For v, = 0.25, cR = VR =0.9194 Vs Eq. 4-9

Where:

vr = Poisson ratio for the bedrock and VR may be interpolated for
values between 0.25 and 0.5

Note that the previous expression for Rayleigh wave velocity is taken from Soil Dynamics [10].

Calculate the axial strain at pipe top and bottom due to soil curvature •, using Equation 4-10.

• =k (D/2) Eq. 4-10

Where:

D = Outer diameter of pipe [in.] and k is calculated in Equation 4-7

Note that for most practical problems due to the high seismic velocity relative to the peak ground
acceleration, the value of e, is trivial and does not control pipe design.
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Calculate the average normal pressure between soil and pipe t,, in psi using Equation 4-11.

.,, = [yoH (1 + K) /2] + (yl, ,/7D) Eq. 4.11

Where:

Yo, = Density of soil [lb/in3]

H = Height of fill above top of pipe [in]

K = Coefficient of soil pressure at rest, 0.5 to 1.0, may conservatively
take as 1.0.

11 = Linear weight of pipe (including contents) [lb/in]

Calculate the breakaway pipe-soil force F (lb/in) using Equation 4-12.

F)) = (z D)[C,, + .5, tan qi] Eq. 4-12

Where:

C)) Soil adhesion [psi] consisting of a*S, where S) is the undrained shear
strength of the soil and a is a constant varying with S, (taken from
Figure 4-2).

0 Friction angle of soil or angle of internal friction [deg] where 0b = 0 deg.
for clay, 20 deg. for cohesive granular soil, and 30-36 deg. for sand and
other terms defined previously.

Calculate the axial strain transmitted through shear between the soil and the pipe F- as follows:

(.) = min [(F,,, Ll, / 4 E, A,), (PGV/.c,)] Eq. 4-13

Where:

L) Wave length of passing seismic wave [in.] calculated as the seismic wave
velocity divided by the predominant frequency

E))) = Secant modulus of elasticity of pipe associated with axial strain (

A, = Net cross-sectional area of the pipe [in 2]

PGV Peak ground velocity [in/sec] as discussed previously or calculated in
Equations 4-5 and 4-6

a) Seismic wave coefficient equals I for compression and Rayleigh waves
and 2 for shear waves

c Seismic wave velocity at pipeline (in/sec) from Equations 4-8 and 4-9 for
Rayleigh waves
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Note that the predominant frequencyf= (1/27r)*PGA/PGV where PGA is expressed in terms of
in/sec2 and PGV is expressed in terms of in/sec.

It is not necessary to include a permanent seismic ground movement in the criteria due to the
favorable location of the facility, the mechanical properties (flexibility) of the piping, and the
relatively low stress associated with seismic loads for practical problems with PE pipe.

The controlling axial soil strain ( on the pipe is as follows:

= max [(S), (5)] Eq. 4-14

Where:

c is from Equation 4-13 and e is from Equation 4-19.

(&),......is then compared to the seismic allowable strain discussed in Section 3.2 for the piping.

Alternatively, an equivalent differential temperature dT [28] may be calculated as follows:

dT = (c),,,,a Eq. 4-15

Where:

dT = Equivalent thermal growth for seismic wave propagation strain

a = Coefficient of thermal expansion [l/F]

The piping stress due to this equivalent temperature may then be calculated using a model as
described in Appendix B, with soil springs input for the soil restraint. Using this model, F, (the
axial tensile force on the pipe due to earthquake wave loads) and M,, (the resultant moment on
the pipe from earthquake wave loads calculated by taking the square root sum of the squares of
the three components of moment about the axis of the pipe) are derived from the stress analysis.
(Note that the earthquake wave analysis should be performed separately and not include
pressure.) The more accurate maximum strain is then calculated from these results as shown in
Equation 4-16.

[u, - v (PD / 2t)] / E Eq. 4-16

Where:

U, =Earthquake stress from the piping analysis

It is noted that in Equation 4-16, the value of aE from the piping stress analysis includes the axial
load F,, and moments M,, in all three orthogonal directions due to the equivalent differential
temperature dT.

(c) is then compared to the thermal allowable bending strain discussed in Section 3.2 for the
piping.
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Figure 4-2
Adhesion Factor a Plotted as a Function of Undrained Shear Strength. (Reproduced from
Figure 5-5 of ASCE Guidelines for the Seismic Design of Oil and Gas Pipeline Systems [12])

4.5.2 Seismic Loads from Seismic Anchor Movements (SAMs)

Seismic anchor movements must be determined from the maximum differential displacement of
the buildings that form the boundaries for the buried pipe. Alternatively, flexible penetrations
may be used to reduce the stresses on the pipe from these displacements. When flexible
penetrations are used, the support points of the piping system within the building will be the
restraint points for the differential displacement that need to be considered. The calculation of
this displacement is described in the following text.
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At sites with buildings that have two-dimensional analyses (models), the north-south and east-
west displacements may be taken directly from the applicable displacement tables in the SAR for
the plant. The applicable displacement is the building displacement at the elevation where the
piping exits the building. The vertical displacement is conservatively estimated by
Equation 4-17.

Ay = d (Br_, sin 0_ Br,,, cos 0) Eq. 4-17

Where:

d = The horizontal distance from the location of the lumped mass analytical model
(relative to the building structure) to point at which the piping exits the
building [inches]

= east-west basemat rotation (rotation about the x axis in Figure 4-3) [Radians]

Br,,, = north-south basemat rotation (rotation about the y axis in Figure 4-3)
[Radians]

Ay = Vertical displacement [in.]

d, O = Per Figure 4-3

If the building displacement data for the building under review are not given in the SAR, then the
applicable building analysis calculations should be consulted.

If the analysis is a 3-D analysis, the displacements should be calculated using Equations 4-18,
4-19, and 4-20.

A,,, = (± An ,,, + d (T,) cosO) Eq. 4-18

A,,= (± An .± d (T, )sinO) Eq. 4-19

(_ An , (d Br,,, sinO ± d Br,,, cosO)) Eq. 4-20

Where:

A,,. Resulting north-south seismic basemat displacement [inches]

A = Resulting east-west seismic basemat displacement [inches]

4,,, = Resulting vertical seismic basemat displacement [inches]

An,,, = North-south seismic displacement at the piping elevation [inches]

An,-, = East -West Seismic Displacement at the piping elevation [inches]

An,,,,, = Vertical Seismic Displacement at the piping elevation [inches]

(In most cases, An ,,,,.,, 0).

T,. = Basemat torsional rotation (rotation about the z axis) [radians]
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Br. = Basemat east west rotation (rotation about the x axis) [radians]

Br,,, Basemat north-south rotation (rotation about the y axis) [radians]

d,O = Per Figure 4-3

The building analysis calculations may have to be consulted to determine the necessary
displacement and rotational data.

The displacements in the piping at the penetration or last support is applied to the piping to either
a model of the underground piping as described in Appendix B or a simplified model that
includes a sufficient length of the PE pipe to adequately absorb the building displacements. The
soil springs and axial load considerations included in the Appendix B discussion should be
included. When a simplified model is used, a fixed support should be placed at the end. The
fixed support provides a conservative termination of the model for estimating stresses from
SAMs.

N-S

E-W Building Center
Analysis Model

I F x
Vertical is out of the figure. d e

d = the horizontal distance from the

location of the lumped mass analytical Point Where Piping
model (relative to the building structure) Exits the Building
to the point at which the piping exits the
building (in inches).

Figure 4-3
Definition of d and 0 for Calculation of Seismic Building Displacements

4.6 Pressure Surge from Water Hammer

If the fluid flow in a pipe is abruptly stopped, a pressure wave P,,, is developed that is the product
of the pressure wave velocity c, the fluid density p, and the fluid velocity in the pipe V.
Compressible fluids (gases) are not subjected to water hammer pressure waves [1].

(pc V )
Ph 172 Eq. 4-21

The wave velocity of the fluid in the pipe is affected by the pipe flexibility. As the wall thickness
for a given pipe diameter decreases, the wave velocity cp will also decrease [1] assuming the wall
is free to expand or contract slightly.
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V 12 l44EB,, Eq. 4-22

P 144Es+Bw

Where:

C = The water hammer wave velocity in the pipe (in/s)

E, = The short-term elastic modulus, (psi, see Table 3-5).

B,, = The bulk modulus of the fluid (for fresh water, B, = 43,200,000 lb/ft2)

DI = The pipe inside diameter (inches)

t = The pipe wall thickness (inches)

62.4 lb-sec2
p The fluid density P =.- 3 .94 ft4

L 32.2

V = The fluid velocity (ft/s)

P,, = The water hammer pressure (psi)

The water hammer pressure P,,, can be either a positive (compressive) or negative (tensile)
pressure depending on the direction of flow. A tensile pressure may cause cavitation locally [14]
and reduce the positive traveling wave.

The effect of the polyethylene pipe wall flexibility is to slow the wave velocity cp (in Equation 4-
22) significantly. The reduction in the wave velocity between a 10-in. steel pipe and a 10-in.
polyethylene pipe, both with a DR of 9 at room temperature, is by a factor of 3.66. Thus the
surge pressure (calculated by Equation 4-21) is also reduced by a factor of 3.66.

This pressure surge will develop both hoop stresses and axial stresses in the pipe wall as well as
dynamic loads on fittings and closed valves in the piping system.

The local stresses in the pipe wall can be estimated using Equation 4-23 for OD and ID
controlled pipe respectively. These stresses are maximum values because they are calculated on a
static basis and the dynamic nature of the loading is not considered.

SLP = Ph (DR -1)

2

Eq. 4-23

P1h(IDR +1)
SLp

2

Where:

F,, = Axial water hammer force (pounds)

AkP. = Defined in Equation 4-22 (psi)
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DR = Pipe dimension ratio for OD controlled pipe

IDR = Pipe dimension ratio for ID controlled pipe

Changes locally in the axial stresses can be developed from Poisson's effect as shown in
Equation 4-24.

S = -VS LP Eq. 4-24

Loads can be imparted to fittings and valves from the pressure surge following Equation 4-25.

F4h (DLF) 4 Eq. 4-25

Where:

DLF Dynamic load factor

This axial force F,, can then be applied to each straight run of pipe in a static analysis using a
computer model as presented in Appendix B. The dynamic load factor DLF depends of the
piping system response to the pressure surge of the water hammer and must be calculated. The
DLF should be multiplied times the fitting factors (Ff in Table 4-3) to determine dynamic fitting
forces.

A more detailed analysis of the event can be conducted using fluid transient computer codes or
manual methods [21-23] to determine less conservative loads. Such methods are beyond the
scope of this document.

Table 4-3
Fitting Factors

Fittings Fitting Factor, F,

90' Ell 1.41

Caps, Plugs, Tees 1.00

450 Ell 0.77
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5
CAPACITY AND EVALUATION CRITERIA FOR ASME
BPVC SECTION III, DIVISION 1, CLASS 3
POLYETHYLENE PIPING

5.1 Allowable Stress Criteria

The allowable stresses S, for use with ASME BPVC, Section III, Division 1, Class 3 [13]
polyethylene piping listed in Table 5-1 (a-f) are based on a factor of safety of 2.0 on the
hydrostatic design basis (HDB). The allowable stress design stresses are provided for 10-year,
20-year, 30-year, 40-year, 50-year, and 60-year life. A short discussion on the development of
these tables is found in Appendix D. Short-term allowable stresses S, are based on 1000-hour life
(= 0.1 years) with a factor of safety of 2.0 as listed in Table 5-2. Similar short-time HDB values
for polyethylene pipe fabricated from PE 2406 are not published [1, 2, 18].

The shortest time considered in Table 5.2 is 1000 hours. At this time the HDB is 1920 psi at
60TF and S,, is 960 psi. However, as indicated in Table 3-7, very short time burst tests with
loading applied in a matter of minutes indicate hoop strengths as high as 3250 psi at 73°F
(see Table 3-6). Therefore, these data indicate that there is a large margin of safety for very short
time pressure overloads.
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S
Table 5-1
Allowable Stresses Sh for Pressurized Polyethylene Pipe at Temperatures from 40°F to 140°F

HDB (psi) for PE Sh (psi)
3408 for PE 3408

5.1(a): 10-Year Life

40'F 2242 1120

60'F 1848 920

70'F 1678 840

IOO°F 1238 620

120°F 1036 520

140TF 854 430

5-1(b): 20-Year Life

40'F 2213 1110

60'F 1824 910

70°F 1678 840

100WF 1239 620

120'F 1021 510

140TF 842 420

5-1(c): Temperature

400°F 2197 1100

6000 F 1810 910

700'F 1643 820

1000°F 1229 610

1200TF 1012 510

1400TF 834 420

5-1(d): 40-Year Life

40'F 2185 1090

60'F 1800 900

70'F 1634 820

100°F 1221 610

120°F 1006 500

140TF 829 410
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Table 5-1 (continued)
Allowable Stresses Sh for Pressurized Polyethylene Pipe at Temperatures from 40°F to 140'F

Temperature HDB (psi) for PE Sh (psi)
340 for PE 3408

5-1(e): 50-Year Life

40'F 1910 960

60°F 1720 860

70°F 1590 800

100°F 1240 620

120°F 1030 520

140°F 800 400

5-1(f): 60-Year Life

40OF 1910 960

60°F 1720 860

70OF 1590 800

100°F 1240 620

120'F 1030 520

140'F 800 400

Note: Values at the 50-year life are based on the referenced literature [1-2] and were
found from data. Stress values at times less than 50 years are calculated from the three-
coefficient equation in Appendix 5. Because the three-coefficient equation in
Appendix 5 results in greater values for a 60-year life than for a 50-year life, the values
in Table 5-1(e) are taken as the same as the 50-year life values.

0
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Table 5-2
Allowable Stresses SS Pressurized Polyethylene Pipe Fabricated from PE 3408 at Temperatures
from 40°F to 140'F for 1000-Hour Life

Temperature HDB (psi) for PE 3408 Sh (psi) for PE 3408

40'F 2140 1070

60'F 1920 960

70'F 1780 890

100°F 1390 700

120°F 1140 570

140°F 940 470

5.1.1 Basic Allowable Stress

5.1.2 Allowable Stresses for Service Levels A, B, C, and D

In Tables 5-1(a-f) and 5-2, the allowable stresses for polyethylene pipe fabricated from PE 3408
are listed for design in terms of S, for a varying length design life or for short-time allowable
criteria, respectively. Short-time allowable stress criteria are only presented for pipe fabricated
from PE 3408 resin. Allowable stress limits for Levels A, B, C, and D are a factor khi times S,, the
basic allowable stress level. The proposed k,,, values are given in Table 5-3 along with the
projected factor of safety for each service level.

The allowable stresses are listed here for the equations that follow:

" Service level A - the allowable stress is 1.0 S,,

* Service level B - the allowable stress is 1.1 S,

* Service level C - the allowable stress is 1.33 S,,

* Service level D - the allowable stress is 1.33 S,

Table 5-3
Service Level Stress Factor

Service kh,

Level Factor of safety

A 1.0 2.0

B 1.1 1.8

C 1.33 1.5

D 1.33 1.5
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V 5.2 Design Criteria for Internal Pressure Hoop Stress
There are two types of PE pipe manufactured: inside diameter (ID) controlled where the
manufacturing process controls the ID of the pipe such that it is nearly constant within
manufacturers tolerances and outside diameter (OD) controlled where the manufacturing process
controls the OD of the pipe such that it is nearly constant within manufacturers tolerances.
Selection of the type of piping determines which of the following formulations are used to
determine design adequacy.

For OD controlled pressure pipes, the required dimension ratio DR based on the hoop stress is
determined from Equation 5-1. For ID controlled pressure pipes, the ID dimension ratio IDR is
based on the hoop stress from Equation 5-2.

SLP P(DR2- 1) < Sh Eq. 5-12

SLP._ P(IDR + 1) < Sh Eq. 5-2
2

Where:
S,, The allowable stress for a 50-year life and a factor of safety of 2.0 based on the

HDB, which varies with temperature (listed in Table 5-1 for the highest
operational temperature)

SLP The hoop pressure stress in the pipe wall

DR = The dimension ratio for OD controlled pipe (DR = D/t)

IDR = The dimension ratio for ID controlled pipe (IDR = Di/t)

t = The pipe wall thickness

P ' = The internal pipe design pressure that must satisfy either Equation 5-1 or 5-2

Standard DR ratios are given in the referenced literature [1, 25, and 26]. Equations 5-1 and 5-2
are identical to B31.1 [18].

5.3 Service Level Failure Loads

5.3.1 Design Limit Failure Loads

The following list provides the pressure and sustained primary loads to be considered.

* Internal pipe pressure (Section 5.2)

* Axial and axial bending stresses
* Constrained buckling in the axial and ring mode
" Axial bending strain limits
• Pipe wall crushing
The criteria for each failure mode are considered in the Sections 5.3.2 through 5.3.5.
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Oh 5.3.2 Level A Service Limit Failure Loads

The following list provides the failure loads to be considered in Level A service limits.

* Axial and axial bending stresses

* Through-wall bending

* Constrained buckling in the axial and ring modes

* Axial bending strain limits

* Pipe wall crushing

The criteria for each failure mode are considered in Sections 5.4 and 5.14.

5.3.3 Level B Service Limit Failure Loads

The following list provides the failure loads to be considered in Level B service limits.

" Service level A failure loads

* Short-term hydrostatic pressure increases (if any)

• Surge pressures from water hammer

* Seismic stresses and loads from an OBE earthquake (if applicable)
The criteria for each failure mode are considered in Sections 5.4 and 5.14.

* 5.3.4 Level C Service Limit Failure Loads

The following list provides the failure loads to be considered in Level C service limits.

1. Service level A failure loads
2. Effects of flood loads (including unconstrained buckling in the ring, ovalization, and

axial buckling modes)

The criteria for each failure mode are considered inSections 5.4 and 5.14.

5.3.5 Level D Service Limit Failure Loads

The following list provides the failure loads to be considered in Level D service limits.

* Service level A failure loads

* Extreme live loads on buried pipe

* Point loads on the pipe crown due to live and dead loads

* Buckling from overburden loads

* Seismic loads based on an SSE earthquake

Criteria for each failure mode are considered in Sections 5.4 and 5.14.
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5.4 Axial Bending Stresses

Axial bending stresses in the polyethylene pipe caused by applied loads defined in Section 2.0
for Levels A-D service must satisfy Equation 5-3 for OD controlled polyethylene pressure pipes
and Equation 5-4 for ID pressure controlled polyethylene pressure pipes.

BP(DR-1) M- +2B L F<B22 2•2 k,, S- h ork,, Ss Eq. 5-3

This first term of Equation 5-3 is identical to B31.1-2004 [18] Equation 3 for A = 0 and y = 0.5.

BIP(IDR+I)+B2ML+2B E < kF , Sh orkhiSS
2 2 Z ASr

Where:

P = Design pressure for the pipe.

Eq. 5-4

B, and B 2 = The primary stress indices defined in ASME Code [13] and in Equations
5-3 and 5-4. Interim values for fittings are calculated based on ASME
Code methods [131 and increased by the fitting derating factor as
presented in Appendix C.

M = Primary resultant moment loading the cross section (if any).

F = Primary resultant axial load (if any).

Z = Section modulus of the pipe.

A = Cross-sectional area of the pipe.

S,, = Basic allowable stress given in Table 5-1(a- f)

Ss = Basic allowable stress for short-term loads (Table 5-2).

k,,, = Service level stress factor listed in Table 5-3 for i = A, B, C, or D.

It is noted that the trench and surface loads on buried polyethylene piping are evaluated using the
formulations described in Sections 5.5-5.11, not in Equation 5.4.

5.5 Through-Wall Bending

Stresses in the pipe wall can be conservatively estimated from Equations 5-5a and 5.5b. Equation
5-5a is for OD controlled pipe and Equation 5-5b is for ID controlled pipe [28].

3P,. . ..... (DR)2  A, <khi Sh

8 E (DR)3 + 0.732
Eq. 5-5a
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3Pc,.ow,, (IDR + 2) 2  E A, <k hi Sh Eq. 5-5b
8-E(IDR+2)3 + 0.732

E

Where:

P,...... = The pressure from trench loads and surface loads (Equations 4-1 and 4-2

E = The soil reaction modulus listed in Table 5-4

A, = The constant in Equation 5-5 defined in Table 5-5 [29]

E = The elastic modulus as a function of load duration and temperature as listed in
Table 3-5

k,,i = The service level stress factor listed in Table 5-3 for i = A, B, C, or D

S/h = Basic allowable stress given in Tables 5-1(a-f)

The effects from trench and surface loads should be calculated separately and added together
when using Equations 5-5a and 5-5b. This is done so that the differences in the PE pipe elastic
modulus for the time duration of the loading can be considered.

In "A Review of Methods for the Analysis of Buried Pressure Piping" [28], Equations 5-5a and
5-5b have the term (K,,-K.) in lieu of A,. However, Kb can be defined as A,[28] and K,, can be
conservatively taken as zero.

Table 5-4
Reaction Modulus E'for Various Soils and Soil Conditions (lb/in2)

Soil Type Dumped Proctor<85% 85%<Proctor<95% Proctor>95%

Very Fine Grain 50 200 400 1000

Fine Grain 100 400 1000 2000

Coarse Grain 200 1000 2000 3000

Table 5-5
Constant A, in Equations 5-5a and 5-5b

Bedding Angle A,
a, in Degrees

(See Figure 5-2)

0 0.294

15 0.234

30 0.189

45 0.157

60 0.138
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Table 5-6
Bedding Constant, K

Bedding Angle
ab in Degrees Bedding Constant

(See Figure 5-2) K

0 0.110

15 0.108

22.5 0.105

30 0.102

45 0.096

60 0.090

90 0.083

Bedding Angle cUb

Figure 5-1
Pipe Bedding Angle

5.6 Constrained Ring Buckling

The critical compressive buckling pressure P.,. for instability in the ring mode for buried
polyethylene pipe is determined from Equation 5-6a and 5-6b. In this case, pipe-soil interaction
occurs and increases the buckling pressure above the unconstrained mode. In order to use this
result, there must be at least 4 feet of cover over the pipe. Equation 5-6a is used for OD
controlled pipe and Equation 5-6b is used for ID controlled pipe. The calculations for P are
shown in the following equations [1]:

5-9



PC. = 5.65f, RbBFE' 1 E-1) Eq. 5-6a
1 2(DR-

P,= 5.65f0 RbBE' E Eq. 5-6b
12(IDR + 1)3

HRb=1-O0.33-- Eq. 5-7

1
I'=1+ 4e (-0°5417FI) Eq. 5-8

Where:

P = The critical constraining buckling pressure compared to the loads on the pipe
crown P, from trench soil loads plus the transportation loads (Sections 4-1 and
4-2)

R,, = Buoyancy reduction factor

H = Groundwater height above the pipe (inches)

H = Cover above the pipe in inches (>48 inches)

B = Elastic support factor

E = Soil reaction modulus listed in Table 5-4 (or in Performance Pipe Engineering
Manual, Table 7-7 [1])

E = Elastic modulus of the pipe material as a function of load duration and temperature
as listed in Table 3-5

f, = Ovality compensation factor in Figure 5-1

The effects from trench and surface loads should be calculated separately when using
Equations 5-6a and 5-6b. This is done so that the differences in the PE pipe elastic modulus for
the time duration of the loading can be considered. The calculated critical pressure must be a
factor of 2 for service level A, a factor of 1.8 for service level B, and a factor of 1.5 for service
levels C and D or more above the compressive pressure acting on the pipe (which is the
difference between the internal and the external pressure of the pipe). The final safety factor for
two or more loads is as shown in Equation 5-9.

1
Safety Factor = Eq. 5-9

,.. (Trench) P P.. (Surface)
P•, (Trench) PC,. (Surface)
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Ovality Compensation Factor
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Figure 5-2
Ovality Compensation Factor fO Versus Percent Ovality [1]

5.7 Unconstrained Buckling

If either flooding of the buried pipeor liquefaction of soil supporting the pipe is possible, these
conditions must be considered in the design and evaluation of the buried pipe system. The
constraint of the soil will not be present when these conditions occur, and unconstrained
buckling must be considered as a mode of failure using level C service limits.

The critical buckling pressure P.,. in the ring mode from external pressure caused by dead and
live overburden loads are calculated by Equation 5-10a for OD controlled piping and by
Equation 5-1Ob for ID controlled piping [1].

Pcr ' T.C= -I Eq. 5-1lOa
Vc-= 2Ef DR - I

Sl = V2 -I Eq. 5-1Ob

Where:

E = Elastic modulus of the pipe material as a function of load duration and
temperature as listed in Table 3-5

v = Poison's ratio (see Section 3.5)

f, = Ovality compensation factor in Figure 5-1
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P, = Critical constraining buckling.pressure compared to the loads on the pipe crown
P,,o,,, from trench soil loads and transportation loads (see Sections 4.1 and 4.2)

P = Pressure at the crown (top) of the pipe calculated from trench soil loads,
Equation 4-1, or transportation loads Equation 4-2

The effects from trench and surface loads should be calculated separately when using
Equations 5-10a and 5-10b. This is done so that the differences in the PE pipe elastic moduli for
the time duration of the loading can be considered. The calculated critical pressure must be a
factor of 1.5 for service level C or more above the compressive pressure (which is the difference
between the internal and the external pressure acting on the pipe). The final safety factor for two
or more loads is as shown in Equation 5-9.

Ovality will reduce the critical pressure to as indicated in Equations 5-6a, 5-6b, 5-10a,
and 5-1Ob. As indicated in Performance Pipe Engineering Manual [1], percent ovality is defined
in Equation 5-11.

Percent Ovality = 100 D ni-Dmin Eq. 5-11Dni

5.8 Axial Bending Strain Limits

Axial bending strains of the polyethylene piping are limited to the values shown in Table 3-4 to
prevent local wrinkling or buckling of the pipe wall. The maximum strains determined from any
of the Equations 4-14, 5-3, 5-4, 5-12, or 5-13 are to be considered. It is noted that Equations 5-3,
5-4, 5-12, and 5-13 calculate stress and can be converted to strain by dividing the stress by the
applicable elastic modulus for the pipe E (listed in Table 3-5 as a function of load duration and
temperature).

5.9 Pipe Wall Crushing

Compressive hoop stresses S,, in the pipe wall from all overburden sources are limited to an
allowable stress of k1, S,. Wall stress S, is to be calculated from the pressures on the crown of the
piping P,",,,,,, from the overburden loading using Equations 5-12 and 5-13 for OD controlled pipe
and ID controlled pipe, respectively.

S _ P crown(DR-1) < khS•h Eq. 5-12
2

Sw = °"(IDR+1) < khiSh Eq. 5-132hh

Where:

P = Pressure at the top (crown) of the pipe calculated from trench soil loads
(Equation 4-1) and transportation loads Equation 4-2

kjli = Service level stress factor listed in Table 5-3 for i = A, B, C, or D

S, =Basic allowable stress given in Tables 5.1(a-f)
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When assessing design adequacy for the two types of loads at the crown of the pipe that have
varying allowable stress, Equation 3-2 may be used and alternatively the lowest most
conservative allowable stress Sh may be used.

5.10 Ring Deflection Limits

Ring deflection of the pipe occurs from the overburden pressure of the soil, water, and surface
loads. The ring deflection of the polyethylene pipe must be limited. This deflection is based on
the pressure on the crown (top) of the pipe (P ....... ).

For OD controlled pipe, the deflection can be estimated using Equation 5-14 [1]:

AX Pcroivn KbL <%IDE.51D, 144 2E (i1 ,3< -100 E.51
Di + 0.061E'

3 DR - I

Where:

AX = Horizontal deflection (inches)

D, = Inside diameter (inches)

P1,,,,.,, = Pressure at the crown of the pipe (lb/ft2) calculated from trench soil loads
(Equation 4-1) or transportation loads (Equation 4-2)

K/, = Bedding factor per Table 5-6 (usually 0.1)

L = Deflection lag factor (1.0 recommended for short-term loads and 1.5 for long-
term loads)

E = Soil reaction modulus, psi (see Table 5-4 or the previously referenced
literature [l])

E = Pipe elastic modulus as a function of load duration and temperature as listed in
Table 3-5 (psi)

%ID = The allowable deflection percentage listed in Table 5-7

The deflection lag factor, L, accounts for the viscoelastic ring deflection of the polyethylene pipe
from the time of loading to the design life of 50 years. Values from I to 1.5 have been suggested.
However, field measurements have shown that a value of 1.5 for long-term loads relates this
deflection to a 50-year life most accurately [1]. The value of 1.5 is recommended for long-term
loads. The effects of the trench loads and transportation loads should be calculated separately
and added together.

The percentage deflection %D is defined by Equation 5-15.

%ID = AX100 Eq. 5-15Di
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Allowable ring percentage deflections are limited to the values listed in Table 5-7.

The limits listed in Table 5-7 presume that the deflected pipe is at the maximum pressure based
on either Equation 5-1 or 5-2. Table 5-7 incorporates a factor of safety of 2.0 [1]. At reduced
pressure, the allowable deflection may be increased by a factor of (2 - SLS,,), where SL~andS,,
are defined in Section 5.2.

Table 5-7
Allowable Pressure Pipe Deflection Percentage of Diameter

DR %ID

26 7.0

21 6.0

17 5.0

13.5 4.0

I1 3.0

9 2.5

5.11 Ring Bending Strain Limits

Ring bending strains for pressurized pipe that occur in the pipe wall for a deflection ZAX must
satisfy the deflection limit contained in Equation 5-16 [1 ].

6.4tAX <khiSh Eq. 5-16

D 2 -E

Where:

t = Pipe wall thickness

JX = Pipe deflection determined from Equation 5-14

D = Mean pipe diameter (D- 1.06t)

E = Elastic modulus as a function of load duration and temperature as listed in Table
3-5

k1, = Service level stress factor listed in Table 5-3 for i = A, B, C, or D

S,, = Basic allowable stress given in Tables 5-1(a-f) and 5-2 for short-term leads

Ring bending strain is limited to 0.042 in/in for nonpressurized pipe [11.
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5.12 Buoyancy Forces on Buried Pipe

Buoyancy forces are of concern only when flooding at the site is possible. For this case, the
buoyancy force must be less than the forces holding the pipe down. Calculations are made per
foot of pipe using Equation 5-17.

Fb < (WP +W, + W + WL)*FS Eq. 5-17

Where:

F, = Buoyancy force (lb/ft)

W, = Weight of a foot of pipe (lb/ft)

Wý = Soil weight over a foot of pipe (lb/ft)

WL = Weight of the liquid in a foot of pipe (lb/ft)

Wf = Weight of the flooded soil (lb/ft)

FS = Factor of safety (FS = 2.0 for level A, 1.8 for level B, and 1.5 for levels C and D.)

The soil weight is based on the prism formula in Equation 5-18a and the flooded weight is based
on Equation 5-18b.

W, = y 1,i o(H -H' )DLp Eq. 5-18a

Wf = 4-- Yvaer) D ( +DH' Eq. 5-18b

Where:

= Specific weight of the dry soil (70-144 lb/ft')

Y'Q,,,, = Specific weight of the water (62.4 lb/ft')

H = Buried distance of the pipe measured from the crown (ft)

H' = Ground water saturation above the pipe crown (ft< H)

D = Pipe OD (ft)

LP = Length of pipe (I ft)

The buoyancy force is equal to the weight of the displaced fluid by the piping.

= / D°/4 L Eq. 5.19
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5.13 Pressure Surge from Water Hammer

In order to evaluate the surge pressures calculated in Section 4.6, peak surge pressures shall be
added to normal operational pressures and the sum compared to the allowable pressures P
determined from either Equation 5-1 or 5-2 using the short-time (1000 hr) value of the allowable
hoop stress S, from Table 5-2. The total pressure is limited to P and for occasional surges to 2P
for reoccurring surge pressures.

The allowable pressure P may exceed the design pressure because the use of
Equations 5-1 or 5-2 requires a DR that is not a minimal value and short-term values of S, are
applied.

5.14 Flange Connection Considerations

All flange connections of buried pressurized polyethylene piping must use a backup ring behind
a flange adapter. Suitable materials for the flange backup ring are ductile iron, primer coated
steel, epoxy coated steel, or stainless steel. Cathodic protection may be required to prevent
corrosion in underground applications, and the corrosive environment must be evaluated.
Standard Class 125 backup rings are to be used for pressures of 160 psi or lower and Class 150
are to be used for pressures above 160 psi.

Bolts of SA-193, Grade B5 and nuts of SA-194, Grade B5 [30] or higher must be used. Bolts•
must be chosen to withstand the corrosive environment of the buried pipe and must be consistent
with the requirements of ANSI/ASME B 16.5 [31 ] or AWWA-C207 [32].

Flange adapters should be specified for the pipe and not short snub-end adapters to avoid cutting
or grinding the extruded material from the fusion butt joint (Figure 3.5) that could adversely
affect the stress intensity factory (SIF) of the joint [1].

5.15 Fittings and Valves

PE pipe fittings are to be selected to match the pressure rating or pressure class of the piping.
This procedure will normally lead to a PE fitting with a smaller DR than the pipe. Valves should
also be selected to match the pressure rating or pressure class. PE valves are outside the scope of
this report.

5.16 Fatigue Considerations

Oscillating stress amplitudes (cyclic secondary stresses) from temperature, seismic, and other
sources (such as water hammer and thermal loads) are to be limited by Equation 5-20.

M a . P (DR)
Sa = +ij + A-- + _< 1,100 psi Eq. 5-20Z A 4

P, M,, and F, are the full stress range from the oscillating load in Equation 5-20. In general P
needs to be considered only for water hammer. For seismic loadings (Section 4.5) with results in
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terms of ± M and + F, the full range of the loads 2*M or 2*F should be input for M, and F. On
an interim basis until the EPRI test program is completed, the following values of i shall be used:

* Straight pipe, remote from fusion joints: i = 1.0

* Fusion joints: i = 2.0

* Miter bends and elbows: i = 3.0

* All other piping components: i = 4.0.
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6
SUMMARY
High-density polyethylene (HDPE) piping fails from viscoelastic strains or (using the terms for
metal pipe failure) stress rupture. Loading limits are based on allowable stresses. Compared to
metal piping, these allowable stresses are low and limited to less than 500 psi in long-term
applications. Very short-term stresses may exceed 3000 psi at room temperature. The strength of
most thermoplastics varies greatly with temperature. Use of pressurized HDPE piping above
140°F is not recommended by manufacturers.

Allowable strain limits of HDPE piping are much higher than those of metal piping. Oscillating
strains of 15,000 [tin/in to 25,000 pin/in are required to fatigue the material whereas steels will
fatigue when subjected to strains of only 2000 piin/in. This flexibility is advantageous for buried
pipe subjected to earthquake loads. In addition to overstressing or overstraining the pipe walls,
buckling from both axial loads and hoop loads must be considered.

For nuclear applications, bending fatigue of the piping from earthquake motions and operational
loads must be evaluated. At present, no data exist to evaluate bending fatigue.

This report is organized into four main sections:

* Design loads and failure modes

" Mechanical properties of HDPE

* Demand definitions

* Capacity and evaluation criteria
In addition, computer modeling is discussed in Appendix B and two example analyses are
presented in Appendix E.
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A
APPENDIX - SUGGESTED CODE CASE INPUT
This appendix provides the suggested design portion of a Code Case for consideration for current
and future development of an ASME Boiler and Pressure Section Code Case for the use of
buried HDPE pipe. It is provided for information and consideration only. The actual Code Case
will be developed by the Boiler and Pressure Code Committees and formally issued as part of the
ASME Boiler and Pressure Vessel Code by the American Society of Mechanical Engineers.
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Case N--_
High Density Polyethylene (HDPE) Buried Pipe,
Section III, Division 1, Class 3.

Inquiry: What are the rules for construction of
Section III, Division 1, Class 3 buried High Density
Polyethylene (HDPE) pipe.

Reply: It is the opinion of the Committee that Class
3 buried High Density Polyethylene (HDPE) piping
systems may be constructed to the rules of Section
III, Division 1, Class 3 provided the following
requirements are met.

(1) The general requirements in NCA-1000
through NCA-8000 and the Introduction in
ND-1000 shall apply except as modified by -
1000 of this Case.

(2) The rules for Materials in this Case shall
replace the rules of ND-2000.

(3) The requirements for Design in ND-3000 shall
apply except as modified by -3000 of this
Case.

(4) The rules for Fabrication and Installation in -

4000 of this Case shall replace the rules of
ND-4000.

(5) The rules for Examination in -5000 of this
Case shall replace the rules of ND-5000.

(6) The rules for Testing in ND-6000 shall apply
except as modified by -6000 of this Case.

(7) The rules for Overpressure Protection in ND-
7000 shall apply except as modified by -7000
of this Case.

(8) The rules for Nameplates, Stamping and
Reports in ND-8000 shall apply except as
modified by -8000 of this Case.

-1000 INTRODUCTION

-110) SCOPE

(a) This Case contains rules for the construction
of buried HDPE Class 3 piping, piping
subassemblies, and appurtenances. Temperature shall
be limited to no less than -20" F and no greater than
140" F for these systems. The PE piping materials are
only permitted for water service.

-1130 BOUNDARIES OF JURISDICTION
APPLICABLE TO THIS SUBSECTION

-1131 Boundary of Components

(a) Substitute "joined connection" for "weld",
substitute "joined" for "welded" wherever these
terms appear.

-2000 MATERIAL

-2120 PRESSURE RETAINING MATERIAL

(a) Buried PE piping and fittings shall be
manufactured from PE 3408 resin in accordance with
ASTM D3350-04 and the requirements of Appendix
II of this Case. Pipe classes defined in ASTM D3350-
04 are permitted.
(b) All flange connections of buried pressurized
polyethylene piping must use a back-up ring behind a
flange adapter per paragraph -3647. In underground
applications cathodic protection may be required to
prevent corrosion and the corrosive environment
must be evaluated.

-2128 Bolting Material

Bolts of SA-193 material of a size, strength, and
grade that conform to the requirements of the specific
application shall be used. Bolts shall be chosen to
withstand the corrosion environment of the buried
pipe.

-2130 CERTIFICATION OF MATERIAL

Material Manufacturers and Material Suppliers
shall hold a Quality System Certificate (Materials)
verifying the adequacy of the Material Manufacturers
Quality System Program and Material Suppliers
Identification and Verification Program.

-3000 DESIGN

-3100 GENERAL DESIGN

-3110 LOADING CRITERIA

3111.1 Loading Conditions

Significant loads to be considered for the design of
buried high density polyethylene piping are as
follows:
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(a) Long Term Internal Hydrostatic
Pressure (P)

(b) Short Term Internal Hydrostatic
Pressure (P')

(c) Thermal Expansion Loads (T,)
(d) Surge Pressures (Water Hammer) (P,,,)
(e) Dead Weight Loads on Buried Pipe

(1) Pipe Weight (VV,,) (for non-buried
portion of pipe)
(2) Trench Loads (W')
(3) Water Weight (W)

(f) Transportation Loads on Buried Pipe
(Vehicles, Railroads, etc.) (P)

(g) Building Settlement Loads (S,)
(h) Frost Heave (FH)
(i) Overburden Loads on the Pipe Crown,

(P,,,,), from the soil trench loads, W', and
transportation loads, P,

(j) Buckling From Overburden Loads (P,)
(k) Flood Loads (F,)
(1) Seismic Loads

(1) Wave (OBE-W/SSE-W)\
(2) SAM (OBE-D/SSE-D)

-3111.2 Design Life

(a) HDPE piping strength capacity degrades under
pressure with time. Therefore, the piping Design
Specification shall specify a design life for the piping
system. If such a design life is not specified in the
Design Specification then a design of 50 years shall
be assumed in the design and clearly identified in the
design report.
(b) The mechanical properties used in design shall be
consistent with the load duration. The elastic
modulus varies significantly with the load duration.
Therefore, care must be taken in selecting the
appropriate E for a given loading. Recommended
durations for given loadings are as follows:

* Long Term Internal Hydrostatic Pressure -
50 year.

* . Short Term Internal Hydrostatic Pressure -

10 hr.
* Thermal Loads - 1000 hr.
* Surge Pressures (Water Hammer) - Short-

term.
* Dead Loads on Buried Pipe - 50 year.
* Live Loads on Buried Pipe (Vehicles,

Railroads, etc.) - 10 hr.
* Soil Settlement Loads - 50 year.
* Overburden Loads - 50 year.
* Effects of Flood Loads - 100 hr.

0 Seismic Loads - Short-term.

These selections of the load duration should be
modified for situations that the designer knows vary
from those recommended above. The allowable stress
or strain for these load conditions may either use the
longer duration allowable stress or strain
(conservative) or the allowable stress or strain may
be consistent with the load duration. When checking
the various criteria that include loads of different
duration with consistent properties, the following
formulation shall be used:

SLoad- I SLoad- •12- •a-1 + •a- ..... _< 1.0 (1)
S'llow-Lod-I SA'law-Load-2

Values of the elastic moduli for varying load duration
are given in Table 3111-1.

3112 Design Loads

The definition of design loads is as given in ND-
3112.1 through ND-3112.3 of the Code. The
allowable stress limits are as defined in Section 3611
of this code case and material properties for HDPE
and soil is provided in various sections of this Code
Case.

3113 Service Conditions

(a) Each Condition to which the components may be
subjected shall be designated in the Design
Specification. A suggested classification and load
combination is provided in Table 3113-1.
(b) When any Level A, B, C, or D service conditions
are specified in the design specification they shall be
evaluated in accordance with this Code Case.

-3130 GENERAL DESIGN RULES

- 3133 Nomenclature

The following nomenclature is used for this Code
Case Section.

%ID = The percentage allowable deflection.
A = The cross-sectional area of the pipe [in 2].
A = Net cross-sectional area of the pipe [in 2]
a = Coefficient of thermal expansion [I/F]
a = an adhesion factor that varies with S,,.
B, and B, = The primary stress indices. Interim

values for fittings are proposed based on existing
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Code methods and increased by the fitting
derating factor.

B' = The elastic support factor.
B,,= Trench width.
Br,,,, = East-West Basemat Rotation (rotation about

the x axis in Figure I1-1) (Radians).
Br,,, = North-South Basemat Rotation (rotation

about the y axis in Figure I1-1) (Radians)
B, = The bulk modulus of the fluid, (for fresh water,

B., = 43,200,000 lb/ft2).
/l = Constant used to calculate the "influence length"

where the movements in buried piping are
absorbed.

c= Water hammer wave velocity in the pipe,
[in/sec].
C = Surface Factor for Transportation Loads.
c = Allowance for erosion or mechanical damage
C = Soil adhesion [psi], consisting of a*S,,; where S,,,

is the undrained shear strength of the soil.
d = The horizontal distance from the location of

the lumped mass analytical model (relative to
the building structure) to point at which the
piping exits the building (inches).

dIi = displacement d calculated for developing soil
springs.

dT = Equivalent differential temperature for a seismic
strain in the pipe wall.

D = Outside Pipe Diameter.
D,= The pipe inside diameter, in.
D= Mean Pipe Diameter, D,,, = D-1.06t.
DR = Pipe Dimension Ratio for OD controlled pipe,

D/t.
DLF = Dynamic load factor for calculating water

hammer forces, conservatively taken as 2.
8= Friction angle pipe-soil [deg.] 6 clay = 0, 6 sand

= 0.5 4) to 0.8 4.
6,= Normal pressure between the soil and pipe.
A,,, = Resulting North-South Seismic basemat

displacement (inches).
A, = Resulting East-West Seismic basemat

displacement (inches).
A,,,,, = Resulting Vertical Seismic basemat

displacement (inches).
An,,, = North =South Seismic Displacement at the

Piping Elevation (inches).
An, = East -West Seismic Displacement at the Piping

Elevation (inches).
An,,,, = Vertical Seismic Displacement at the Piping

elevation (inches)(In most cases An ,,, z 0).
AX = The horizontal deflection at the pipe crown

from trench and transportation loads, (in).
Ay = Vertical Displacement (inches).

E'= The soil reaction modulus.
E = Modulus of elasticity of pipe [psi].
E, = Short Term Modulus of elasticity of pipe [psi].
Eý,= Secant modulus of elasticity of pipe associated

with axial strain (
= Maximum pipe strain caused by earthquake

waves.
= Strain in the pipe from earthquake wave

computer analysis.
Axial strain at the pipe top and bottom due to soil
curvature.
Axial strain in the pipe transmitted through shear
between the soil and the pipe.

c, = Strain in the pipe caused by thermal expansion.
f= Predominant earthquake wave frequency, [Hz].

= Service Environmental Design Factor.
Force f, calculated for developing soil springs.

= Service Temperature Design Factor.
f= The Ovality Compensation Factor.
F = Impact factor for surface load. Use 1.50 for

unpaved roads. Use 1.15 for 2' to 3' cover and
1.0 for over 3' cover for paved roads. For a static
load F= 1.

F = The primary resultant axial load if any.
F, = Pipe axial force caused by building settlement.
F,,.= Pipe axial force caused by thermal loading.
F, = The buoyancy force, (lb/ft).
Fj = Fitting factor.
FH = Frost Heave.
F, = Flood Loads.
F,, = The breakaway pipe-soil force (lb/in).
FS = The Factor of safety (FS = 2.0 Level A, 1.8 for

Level B.and 1.5 for Levels C and D).
y,,,,= The specific weight of the soil.
y,,.,,,, = The specific weight of the water.
H = Height of fill (or cover) above top of pipe [in]
H' = ground water height above the pipe crown, [in]

(>48 inches).
H,,,,, = Maximum values of H for calculating trench

loads, H,,,,, < 10 D (for granular soils), H,,,,, <
15 D (for clay).

HDB = Hydrostatic Design Basis (HDB) of 50 years
(438,000 Hrs.).

IDR = Pipe Dimension Ratio for ID controlled pipe,
D. / t.

k = Pipe Bending Curvature due to seismic waves.
k, = The service level Stress Factor listed in Table 5-

3 for i = A, B, C or D.
k., = spring stiffness in a given direction calculated

using the formulations in Table A2.1 or using
the methodology in ASME B31.1, Appendix
VII.

K,, = The bedding factor, usually 0.1.
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K = Coefficient of soil pressure at rest, 0.5 to 1.0,
may conservatively take as 1.0.

K = Spring due to pipe ovaling, (lb/in).
Ký., -,,j = Combined soil - ovaling spring in a given

direction (lb/in).
= Effective length of pipe for surface load = 36".

L = The Deflection Lag Factor (1.0 recommended for
short term loads and 1.5 for long term loads).

L,= Effective length of piping modeled by the
discreet spring.

L The length of pipe (I ft).
L = Wave length of passing seismic wave [in],

Calculated as the seismic wave velocity, divided
by the predominant frequency.

L = Influence length where movements in buried
piping are absorbed.

M = The primary resultant moment loading the cross
section if any.

Mr, = Resultant moment from building settlement.
MAT = Resultant moment from thermal loads.
v = Poisson's ratio.
v,= Poisson ratio for the bedrock.
P = The long-term design pressure for the pipe.
P' = Short Term Internal Hydrostatic Pressure.
P.= Concentrated surface load [Ib] (Wheel Load or

Train Axle load).
P= The water hammer surge pressure, psi.
P,= The critical constraining buckling pressure that

is compared to trench soil loads and traffic
loads on the pipe crown.

P,,,,, = Trench load or transportation loads on the
Pipe Crown [lb/in 2].

P= Minimum inside pressure in piping.
PGV = Peak Ground Velocity, in/sec, Estimates are

PGV = 48 * PGA for soil and PGV = 36 *
PGA (for rock).

PGA = Peak Ground Acceleration, in/sec2.
0 = Friction angle of soil or angle of internal friction

[deg]. Where, 0 = 0" for clay, 20" for cohesive
granular soil, 30" to 36" for sand.

R = Reduction factor: R{ H, D}.
R,, = The buoyancy reduction factor.

p = The fluid density { 62.4 4bsec

32.2 fi 4

S = Hydrostatic Design Stress.
SAM = Seismic Anchor motion.
S,.= Building Settlement Loads.
S, = Undrained shear strength for clay (calculated

from pile driving data).
S= Ultimate Strength.
%,, = Membrane Stress.
S,= Design Membrane Stress for HDPE piping at

temperature.

S, = Basic allowable stress for short term loads.
S, = The hoop pressure stress in the pipe wall.
Seismic Loads: Wave (OBE-W/SSE-W), SAM

(OBE-D/SSE-D).
q,. = Thermal Stress from piping analysis.
q, = Earthquake stress.
t= Minimum Pipe Wall Thickness
T = Temperature in 'R.
(T, - T,)= Difference between the design temperature

and ambient temperature for the pipe.
T, = Thermal expansion loads.

= Basemat Torsional rotation (rotation about the
z axis) (radians).

To= Time in years.
O = Angle from Building Center Defined in Figure

I11-.
V = The fluid velocity, ft/sec.
Vs = The shear wave velocity of the bedrock can be

obtained from the SAR for the plant.
VR = The Rayleigh wave velocity.
W = Water Weight.
W'= Trench Loads.
W, = The weight of the liquid in a foot of pipe, lb/ft.
W,,,, = Pipe Weight (for non-buried portion of pipe).
W = The weight of a foot of pipe, lb/ft.
VV/ = The soil weight over a foot of pipe, lb/ft.
Z = The section modulus of the pipe.

-3600 PIPING DESIGN

3610 GENERAL REQUIREMENTS

3611.1 Allowable Stress Values

Allowable stress for the PE 3408 pipe is based on
load duration, temperature and design life as
discussed in Section 3111.2.

Table 3611-1 provide the basic allowable stresses for
polyethylene pipe fabricated from PE 3408 in terms
of S,, for a design life of 10 years, 20 years, 30 years,
40 years, 50, years and 60 years.

-3611.2 Basic Stress Limits

Allowable stress limits for Levels A, B, C and D are
a factor kh, times Sh, the basic allowable stress level.
The allowable stresses are as follows:

service level A, the allowable stress is 1.0 S,
service level B, the allowable stress is 1.1 S,
service level C, the allowable stress is 1.33 Sh
service level D, the allowable stress is 1.33 S,
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3611.3 Short Term Stress Values

For loads conditions where the short term stress
values are applicable the basic short allowable stress
values Ss, are given in Table 3611-2.

3611.4 Allowable Secondary Stress Values

For loads conditions that result in cyclic secondary
stresses the basic short allowable stress values are
currently given in Section 3654.2 of this Code Case.

- 3613 Allowances

-3613.4 Fused Joint Efficiency

The longitudinal fused joint efficiency factors for
pressure design as listed in Table 3613-1 shall be
applied to the allowable stress values given in Tables
3611-1 and 3611-2.

-364t1 PRESSURE DESIGN OF PIPING
PRODUCTS

-3641 Straight Pipe

There are two types of PE pipe manufactured, inside
diameter (ID) controlled where the manufacturing
process controls the ID of the Pipe such that it is
nearly constant within manufacturers tolerances, and
outside diameter (OD) controlled where the
manufacturing process controls the OD of the Pipe
such that it is nearly constant within manufacturers
tolerances. Selection of the type of piping determines
which of the following formulations are used to
determine design adequacy.

For OD controlled pressure pipes, the required
Dimension Ratio, DR, based on the hoop stress is
determined from formula (2) and for ID controlled
pressure pipes, the ID Dimension Ratio, IDR, based
on the hoop stress from formula (3).

listed in Table 361 -1 to be taken at the design
temperature.

S, = The hoop pressure stress in the pipe wall.
DR = The Dimension Ratio for OD controlled pipe,

DR = D/t.
1DR = The Dimension Ratio for ID controlled pipe,

IDR = D/t.
t = The pipe wall thickness.
P = The internal pipe design pressure that must

satisfy either equation (2) or (3).
As an alternative, for OD controlled PE pressure pipe
the following equations may be used:

t = P D / (2S, + P) (2a)

t' = t + c (2b)

Where:
c = Allowance for Erosion or Mechanical Damage
td= Design Thickness

-3647 Flange Connection Considerations

Flanged connections are permitted for the joining of
polyethylene pipe to steel piping. The steel flange
attached to the steel mating pipe shall conform to the
requirements of B16.5 or AWWA-C207 and the
pressure rating shall meet the design pressure
requirements of the piping system in which it is to be
installed. The polyethylene flange connection shall be
constructed using a polyethylene flange adapter
(conforming to ASTM - F714 and AWWA -C906)
having a DR ratio less than or equal to the attached
PE pipe and shall be fusion joined to the attached
polyethylene piping. The polyethylene flange adapter
shall be connected to the metal flange using a steel
backing ring having, as a minimum, the same
pressure rating as the mating metal flange. The gasket
material shall be selected to be consistent and
compatible with the service requirements of the
piping system. The flange shall be joined using bolts
made of SA material of a size and strength that
conforms to the requirements of B16.5 or AWWA
C207. The flange joint shall be pressure tested as part
of the system pressure test (see Article 6100 of this
Code Case) and demonstrated not to leak during the
system pressure test prior to the piping system being
placed in service. See Figure 3647-1 for a typical
flange configuration.

SLP = P(DR - 1) < Sh
2

SLP P(IDR + 1)<
2

(2)

(3)

Where:

S, = The allowable stress for the specified design
year life, which varies with temperature, as
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-3649 Fittings and Valves
Fittings of PE pipe are to be selected to match the
pressure rating or pressure class of the piping. This
procedure will normally lead to a PE fitting with a
smaller DR than the pipe. Valves should also be
selected to match the pressure rating or pressure
class. PE valves are outside the scope of this code
case.

-3650 ANALYSIS OF PIPING SYSTEMS

3651 General Requirements

(a) The design of the complete piping system
shall be analyzed between anchors for the axial and
longitudinal stresses resulting from all Design, Level
A, B, C, and D service level loads defined in the
Design Specification.
(b) It is noted that the trench and surface loads
on buried polyethylene piping are evaluated using the
formulations described in Section 3681.1 through
3681.7

3652 Consideration of Design Conditions

3653 Establishment of Level A, B, C, and D
Applied Loadings

.3653.1 Thermal Expansion Effects

When the pipe temperature is different from the soil
temperature, the pipe will tend to expand or contract
relative to the soil. The soil stiffness will tend to
resist the thermal displacement. The temperature
differential is applied to the pipe confined by the soil
and the resulting loads are calculated throughout the
system. The resulting stress is then compared to the
thermal stress allowable defined in Section -3654.2.

For low temperature systems, the evaluation may
consider the soil to be rigid and compute a
compressive stress in a rigidly constrained pipe as
follows.

Pm. = Minimum inside pressure in piping.
D = Outside Diameter of Pipe [in].
t - Minimum Wall Thickness of Pipe.
cT = Strain in piping due to Thermal Expansion.

&T is then compared to the thermal allowable strain
defined in Table 3653-1.

Alternatively the piping stress due to thermal
expansion may be calculated using a model as
described in Appendix I, with soil springs input for
the soil restraint. Using this model Fý (the axial
tensile force on the pipe due to thermal expansion
loads) and MA (the resultant moment on the pipe from
thermal expansion calculated by taking the square
root sum of the squares of the three components of
moment about the axis of the pipe) are derived from
the stress analysis. (Note that the thermal analysis
should be performed separately and not include
pressure). The stresses are evaluated in accordance
with Section 3654.2 (if applicable). The strain is
calculated from these results as follows:

E, = [a, - v (,Pý,, D / 2t)] / E (5)

Where:

UT Thermal Stress from the piping analysis.

It is noted that in the above expression the value of a,.
from the piping stress analysis includes the axial load
F,,. and moments MAT in all three orthogonal
directions due to T2 - T,

ET is then compared to the thermal allowable strain
defined in Table 3653-1.

3653.2 Seismic Wave Effects

In calculating the effect of seismic loads on the
piping from seismic wave propagation, there are two
considerations of interest. The first is the soil
properties of the piping in the fill and the second is
the bedrock properties in the area around the site. The
soil properties around the pipe in the formulations
below are used to calculate the normal pressure
between the pipe and the soil and the breakaway
pipe-soil force. The bedrock properties are used to
calculate the speed of the earthquake and length of
the earthquake wave since the earthquake wave
travels through the bedrock to the site.

R (Rayleigh) waves are the most significant
disturbance along the surface of an elastic half space

E'r = a (T, - T) - v (Pý,, D / 2t) / E (4)

Where:
E = Modulus of elasticity of pipe [psi], (Table 3111-

I)
a = Coefficient of thermal expansion [I/F].
(T 2 - T,) = Difference between the design temperature

and ambient temperature for the pipe.
v = Poisson ratio of Pipe.
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and at large distances from the source may be the
only clearly distinguishable wave. Since nuclear
plants are in general sited several (tens or hundreds)
of miles from known active faults, normally
consideration of only Rayleigh waves is required.
However, the seismic section of the Plant's Safety
Analysis Report (SAR) determines whether P or S
waves require consideration due to a potential source
close to the site.

The strains in the pipe due to the wave passage in the
soil are calculated using the formulations below.
These strains are either compared to the seismic
allowable strain defined in Table 3653-1 for the
piping and the fittings or applied to the pipe using a
model that includes soil springs as described in
Appendix I. The formulations below result in an
equivalent strain, E, and/or equivalent differential
temperature, dT that is then applied to the piping.
These parameters are obtained as follows:

Determine the PGA, the Peak Ground Acceleration,
in terms of in/sec2 and g from the plant SAR. In some
instances the PGV, Peak Ground Velocity in terms of
in/sec is also available from the SAR. If not available
a reasonable estimate may be calculated as follows:

concurrently (shear, compressive or Rayleigh). Note,
as described above, this is normally not the case.

Note that the shear wave velocity, V•, of the bedrock
can be obtained from the SAR for the plant. The
Rayleigh wave velocity, V, may be calculated as
follows:

For v = 0.5,
For v, = 0.25,

cR = V, = 0.9553 V
c, = V, = 0.9194Vs

(9)
(10)

Where:
v = Poisson ratio for the bedrock.
and V,, may be interpolated for values between 0.25
and 0.5.

Calculate the axial strain at pipe top and bottom due
to soil curvature, s,, as follows:

s, = k (D/2) (11)

PGV = 48 * PGA (for soil)
PGV = 36 * PGA (for rock)

(6)
(7)

Where:

D = Outer diameter of pipe [in].
k = Curvature is calculated in equation (8).

Note that for most practical problems due to the high
seismic velocity relative to the Peak Ground
Acceleration, the value of s, is trivial and does not
control pipe design.

Calculate the average normal pressure between soil
and pipe, 4, in psi as follows:

PGA is assumed to be expressed as a fraction of g.

Calculate the bending curvature, k, in the piping as
follows:

PGA
(ak/C) 2 (8) S= [y,,, H (1 + K,)/2 + (y, /O) (12)

Where:
PGA = Peak Ground acceleration [in/sec 2].
a, = Seismic wave curvature coefficient. Equals

I for Shear and Rayleigh waves, equals 1.6
for Compression waves. Note as described
above normally only Rayleigh waves need
to be considered.

c,c, c, e= Seismic wave velocity (Raleigh, P, or S),
respectively, at pipeline [in/sec].

The term akc is obtained by the square root sum of
the squares of the individual wave types acting

Where:
y,.,,, = Density of soil [lb/in3 ]
H = Height of fill above top of pipe [in]
K,, = Coefficient of soil pressure at rest, 0.5 to

1.0, may conservatively take as 1.0.
y, = Linear weight of pipe (including contents)

[lb/in]

Calculate the breakaway pipe-soil force, F,., in lb/in,
as follows:

F,,, = (YD)[C. + 4. tain 0] (13)

Where:
C = Soil adhesion [psi], consisting of a*S,,,; where

S,,, is the undrained shear strength of the soil
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and a is a constant varying with S, taken from
Figure 4-2.

= Friction angle of soil, or angle of internal
friction [deg]. Where, 0 = 0" for clay, 20" for
cohesive granular soil, 30" to 36" for sand and
other terms defined above.

Calculate the axial strain transmitted through shear
between the soil and the pipe, ý, as follows:

(q) = min [(F,, L / 4 E, Ad, (PGV/lcR )] (14)

Where:
L = Wave length of passing seismic wave [in],

Calculated as the seismic wave velocity,
divided by the predominant frequency.

E o, Secant modulus of elasticity of pipe associated
with axial strain (r)_,,

A = Net cross-sectional area of the pipe [in']
PGV = Peak ground velocity [in/sec], discussed

above or calculated in Eqn. 4.5 & 4.6 above.
a. = Seismic wave coefficient equals I for

Compression and Rayleigh waves, equals 2
for Shear waves.

cR. = Seismic wave velocity at pipeline [in/sec],
from Equations 9 and 10 above for Rayleigh
waves.

Note that the predominant frequency, f = (1 / 27r) *
PGA / PGV, where PGA is expressed in terms of
in/sec2 and PGV is expressed in terms of in/sec.

Due to favorable siting of the facility and the
mechanical properties (flexibility) of the piping and
relatively low stress associated with seismic loads for
practical problems with PE pipe, it is not necessary to
include a permanent seismic ground movement in the
criteria.

The controlling axial soil strain, (e,) .... on the pipe is
as follows:

Where:

dT = equivalent thermal growth for seismic wave
propagation strain

a = Coefficient of thermal expansion [I/F]

The piping stress due to this equivalent temperature
may then be calculated using a model as described in
Appendix I, with soil springs input for the soil
restraint. Using this model, Fo (the axial tensile force
on the pipe due to earthquake wave loads) and M.
(the resultant moment on the pipe from earthquake
wave loads calculated by taking the square root sum
of the squares of the three components of moment
about the axis of the pipe) are derived from the stress
analysis (Note that the earthquake wave analysis
should be performed separately and not include
pressure). The strain is calculated from these results
as follows:

(aarh...= tal, -- v (PD / 2t)] / E (17)

Where:

= Strain in the pipe from earthquake wave
computer analysis

a,. = Earthquake stress from the piping analysis,

It is noted that in the above expression the value of o,
from the piping stress analysis includes the axial load
F. and moments M. in all three orthogonal directions
due to the equivalent differential temperature dT.

(g) artqua is then compared to the thermal allowable

strain defined in Table 3653-1.

3653.3 Seismic Anchor Motion Effects

Seismic anchor movements need to be determined
from the maximum differential displacement of the
buildings that form the boundaries for the buried
pipe. Alternatively, flexible penetrations may be used
to reduce the stresses on the pipe from these
displacements. When flexible penetrations are used,
the support points of the piping system within the
building will be the restraint points for the
differential displacement that need to be considered.
The calculation of' this displacement is described in
Appendix 11.

3653.4 Building Settlement Effects

(e),_ = max [(,), (e)1 (15)

Where 6 is from Equation 14 and z is from Equation
11. (e),,_ is then compared to the seismic allowable
strain defined in Table 3653-1.

Alternatively, an equivalent differential temperature,
dT may be calculated as follows:

0 dT = (e)/Ja (16)
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Building settlement displacements shall be
considered to the extent that further settlement of the
buildings may occur. If the actual amount of building
settlement is unknown, the total calculated design
building settlement vertical displacements shall be
used. If the actual amount of building settlement is
known, the original estimated design building vertical
settlement displacements may be reduced by the
amount of the existing settlement at the time of
installation of the PE pipe.

Also, if the buried piping terminates in newly
constructed buried or partially buried structures, the
amount of settlement of the structures shall be
calculated and included in the piping design
specification. Methods for calculation of building
settlement displacements for such structures are
beyond the scope of this report. The maximum
building settlement vertical displacements shall be
applied to the piping system at the piping system-
building interface.

The piping stress due to building settlement is
calculated using a model as described in Appendix I,
with soil springs input for the soil restraint or a
simplified model that includes a sufficient length of
the PE pipe to adequately absorb the building
displacements. The soil springs and axial load
considerations included in the Appendix I discussion
shall be included. When a simplified model is used a
fixed support should be placed at the end. The fixed
support provides a conservative termination of the
model for estimating stresses from building
displacements. Using this model, F., (the axial tensile
force on the pipe due to building settlement loads)
and M (the resultant moment on the pipe from
building settlement loads calculated by taking the
square root sum of the squares of the three
components of moment about the axis of the pipe) are
derived for inclusion into the stress evaluation of the
piping.

3653.5 Pressure Surge from Water Hammer

If the fluid flow in a pipe is abruptly stopped, a
pressure wave, P.,,, is developed that is the product of
the pressure wave velocity, c, the fluid density, p, and
the fluid velocity in the pipe, V. Compressible fluids,
gases, are not subjected to water hammer pressures.

The wave velocity of the fluid in the pipe is affected
by the pipe flexibility. As the wall thickness for a
given pipe diameter decreases, the wave velocity, cp,
assuming the wall is free to expand or contract
slightly, will also decrease.

2P =144EB,, •

p/144E + B,, -D
(19)

where:
cp = The water hammer wave velocity in the

pipe, in/sec.
E, The short term elastic modulus, psi, (Table

3111-1).
B = The bulk modulus of the fluid, (for fresh

water, B. = 43,200,000 lb/ft2).
D'. = The pipe inside diameter, in.
t = The pipe wall thickness, in.
p = The fluid density

62.4 l/b- sec
2

p32.2 94

V = The fluid velocity, ft/sec
P,, = The water hammer pressure, psi

The water hammer pressure, P..,, can be either a
positive (compressive) or negative (tensile) pressure
depending on the direction of flow. A tensile pressure
may cause local cavitation, and thus reduce the
positive traveling wave.

The effect of the polyethylene pipe wall flexibility is
to slow the wave velocity, cý, in equation (18)
significantly. The reduction in the wave velocity
between a 10" steel pipe and a 10" polyethylene pipe
both with a DR of 9 at room temperature is by a
factor of 3.66. Thus, the surge pressure, calculated by
equation (18) is also reduced by a factor of 3.66.

This pressure surge will develop both hoop stresses
and axial stresses in the pipe wall as well as dynamic
loads on fitting and closed valves in the piping
system. The local stresses in the pipe wall can be
estimated using the following equation for OD and
ID controlled pipe respectively. These stresses are
maximum values since they are calculated on a static
basis and the dynamic nature of the loading is not
considered.

(pcPV)
1728 (18)
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S LP _ P,,, (D R - 1)
2 (20)

SLp - P,,,(IDR + 1)
2

Where:
F,, = axial water hammer force (lbs)
P,,,, = defined in equation (18) (psi)
DR= Pipe Dimension Ration for OD controlled pipe
IDR = Pipe Dimension Ration for ID controlled pipe

Changes locally in the axial stresses can be are
developed from Poisson's effect.

3654.1 Primary Axial and Longitudinal Loads

Axial and Longitudinal bending stresses in the
polyethylene pipe caused by applied primary axial
and longitudinal loads as defined in the Design
Specification for Levels A to D service levels must
satisfy equation (23) for OD controlled polyethylene
pressure pipes and equation (24) for ID pressure
controlled polyethylene pressure pipes.

A P(DR-l1) M B2 +2BF,<-khiShorkhiSs
2 z A

(23)

S, = -vS,. (21)

Loads can be imparted to fittings and valves from the
pressure surge.

P .'D2

F, = DLFP 1"'fD (22)

This F., can then be applied to each straight run of
pipe in a static analysis using a computer model. The
Dynamic Load Factor, (DLF), depends on the piping
system response to the pressure surge of the water
hammer and must be calculated. The DLF should be
multiplied times the fitting factors in Table 3653-2 to
determine dynamic fitting forces.

Alternately, more detailed analysis of the event can
be conducted using fluid transient computer codes or
manual methods to determine less conservative loads.

In order to evaluate the surge pressures calculated
using the formulations described above, peak surge
pressures shall be added to normal operational
pressures and the sum compared to the allowable
pressures, P, determined from either equation (23) or
(24) in Section -3654-I using the short time (1000 hr)
value of the allowable hoop stress, S,, from Table
3611-2. For reoccurring surge pressures the total
pressure is limited to P and for occasional surges to
2P.

The allowable pressure, P, may exceed the design
pressure because the use of equations (23) or (24)
requires a DR that is not a minimal value and short-
term values of S,, are applied.

3654 Evaluation of Level A, B, C, and D Axial
and Longitudinal Loads

B P(IDR + 1) + B2 M" + 2B, F < khi Shorkhi SS (24)
2 Z A

Where:

B, and B2 = The primary stress indices defined in
Table 3654-1. Interim values for fittings
are proposed based on existing Code
methods and increased by the fitting
derating factor.

P = the design pressure for the pipe.
Sh = basic allowable stress given in Tables 3611-1.
S, = basic allowable stress for short term loads

Table 3611-2.
k, = the service level Stress Factor listed in Table

3654-2 for i = A, B, C or D.

3654.2 Cyclic Secondary Axial and Longitudinal
Loads

(a) Cyclic secondary axial and longitudinal loads
shall include but are not limited the effects of thermal
expansion, OBE and SSE seismic wave effects, OBE
and SSE anchor motions, vibrations, etc. The
definition, classification, and combination
requirements shall be provided in the Piping Design
Specification.
(b) Axial and Longitudinal bending stresses in the
polyethylene pipe caused by applied cyclic secondary
axial and longitudinal loads as defined in the Design
Specification for Levels A through D service levels
must satisfy equation (25).

i M,, + -•, < Il OOpsi
Z A

(25)

Where:
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i = the Stress Intensification factor. Interim Values
of i are as follows:

Straight Pipe, i = 1.0.
Fusion Joints, i = 1.0
Elbows, i = 1.5
Miter Bend, i=2.0
All other piping components, i = 2.5

M = the cyclic secondary resultant moment loading
the cross section if any.

F = the cyclic secondary resultant axial load if
any.

Z = the section modulus of the pipe.
A = the cross-sectional area of the pipe.

3654.3 Non Cyclic Secondary Axial and
Longitudinal Loads

(a) Non-cyclic secondary axial and longitudinal loads
shall include but are not limited to the effects of non
repeated anchor motions, ground settlement, etc. The
definition, classification, and combination
requirements shall be provided in the Piping Design
Specification.
(b) Axial and Longitudinal bending stresses in the
polyethylene pipe caused by applied non-cyclic
secondary axial and longitudinal loads as defined in
the Design Specification for Levels A and B service
levels must satisfy equation (26).

3681.1 Through-Wall Bending

Stresses in the pipe wall can be estimated from
equations (27) and (28). Equation (27) is for OD
controlled pipe and (28) is for ID controlled pipe.

3.,...... (DR)z A, < khi Sh

8--(DR) +0.732

(27)

3P1. (IDR + 2)2 E A, < khi Sh (28)

8 E (1DR + 2)3 +0.732

Where:
P.... = The pressure from trench loads and surface

loads (Equations 29 & 30).
E = The soil reaction modulus listed in Table 3681-1.
A, = The constant Table 3681-2.
E = The elastic modulus as a function of load

duration and temperature as listed in Table 3111-
I.

kh,= The service level stress factor listed in Table
3683-3 for i = A, B, C, or D.

Sh= basic allowable stress given in Tables 3611-1
and 3611-2.

When using equations (27) and (28), the effects from
trench and surface loads should be calculated
separately and added together. This is done so that
the differences in the PE pipe elastic modulus for the
time duration of the loading can be considered.

S

iM" +AF <2S,Z A
(26)

Where: (a) Trench Loads

i = the Stress Intensification factor. Interim Values
of i are as follows:

Straight Pipe, i = 1.0.
Fusion Joints, i = 1.0
Elbows, i = 1.5
Miter Bends, i = 2.0
All other piping components, i = 2.5

= the cyclic secondary resultant moment loading
on the cross section if any.

Fo = the cyclic secondary resultant axial load if
any.

Z = the section modulus of the pipe.
A = the cross-sectional area of the pipe.

3680 SPECIAL DESIGN REQUIREMENTS
FOR BURIED HDPE PIPING

The trench parameters, height H, and width B,, will
be determined based on pipe location (how much
below grade) and construction limitations (See Figure
3681-I). The construction specification will include
the final soil density y_,,,, of the fill material and its
composition. Using the trench material the loading on
the piping is calculated as follows using the Prism
formula below:

P-. H (29)

Where:

H = Height of fill above top of pipe [in]
= Density of soil [lb/in']

P,..= Loading at the Pipe Crown from the Trench
load [lb/in2]

3681 Soil and Surface Loads

A-12



CASE

N--

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Approval Date:.

The height of fill that needs to be considered above
the top of the pipe is limited by the following:

H ._ < 10 D (for granular soils)
H,_S <15 D (for clay)

When the piping is buried deeper than the limit H .....
H may be taken as H,,,, in equation (29).

Note that the above formulation is conservative and
appropriate for initial design. The limits on H to
calculate P-_ are based on the limits implied by the
Marsten formulation with the effective trench width
B, = 3D (a reasonable and conservative trench
width).

- (b) Transportation Loads

Maximum surface loadings for the vehicles or rails
that may go over the buried piping system shall be
determined. These loads are distributed over a linear,
circular or rectangular area using the following
formulation:

factor R described above should also be applied to
obtain the final pressure at the crown.

3681.2 Constrained Ring Buckling

For buried polyethylene pipe, the critical compressive
buckling pressure, P , for instability in the ring mode
is determined from equation (31 and 32). In this case,
pipe-soil interaction occurs and increases the
buckling pressure above the unconstrained mode. In
order to use this result, there must be at least 4 feet of
cover over the pipe. Equation (31) is used for OD
controlled pipe and (32) for ID controlled pipe. The
calculations for P,.• are as follows:

=5.65f 0  E 12(DR - 1)3

P= 5.65f, RhB.E. E
6r 12(IDR + 1)'

Rb = 1-0.33-H
H

* 1
B'= + I .

I + 4e( -0.00541711)

(31)

(32)

(33)

(34)
P,, =CRP, F/ID (30)

Where: Where:

C = Surface load factor: C{H,D} in Table 50.4 in
AWWA C 150.

R = Reduction factor: R{H, D} in Table 3681-4.
P Concentration surface traffic load [Ib] (Wheel

Load or Train Axle load)
F = Impact factor for surface load. Use 1.50 for

unpaved roads. Use 1.15 for 2' to 3' cover and
1.0 for over 3' cover for paved roads. Refer to
AREA Specifications for railways. For a static
load F=I.

L = Effective length of pipe for surface load is 36"
D = Outer diameter of pipe [in]
P,,,,= Loading on the Pipe Crown from the surface

traffic load, P, [lb / in 2].

The load factor C in Table 50.4 in AWWA C150.
implicitly includes the distribution of this load along
a 36" length, 1, of pipe.

Alternatively the loading, P,,,, may be
conservatively calculated for a particular traffic load,
P,, by projecting the surface load at a 45" angle from
the surface load to an elevation at the centerline of
the buried piping. The impact factor, F and reduction

P = The critical constraining buckling pressure
compared to the loads on the pipe crown, P ......
from trench soil loads plus the transportation
loads, (Eq. (29) & (30))

Rb = The buoyancy reduction factor. (Eq. (33))
H = groundwater height above the pipe [in.].
H = cover above the pipe, [in] (>48 inches).
B = The elastic support factor. (Eq. (34))
E = The soil reaction modulus listed in Table 3681-

I.
E = The elastic modulus of the pipe material as a

function of load duration and temperature as
listed in Table 3111-3.

f,= The Ovality Compensation Factor in Figure
3681-2.

When using equation (31) and (32) the effects from
trench and surface loads should be calculated
separately. This is done so that the differences in the
PE pipe elastic modulus for the time duration of the
loading can be considered. The calculated critical
pressure must be a factor of 2 for service level A, 1.8
for service level B, and 1.5 for service level C and D
or more above the compressive pressure acting on the
pipe which the difference between the inside of the0
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pipe and the external pressure. The final Safety factor
for two or more loads is as shown in Equation (35).

________________(35)

Safely - Factor p=P,,,,(Trench) Pr ,,.,,(Surface)

PFr(Trench) PF(Surface)

3681.3 Unconstrained Buckling

If either flooding of the buried pipe or liquefaction of
soil supporting the pipe is plausible these conditions
must be considered in the design and evaluation of
the buried pipe system. The constraint of the soil will
not be present when these conditions occur and
unconstrained buckling must be considered as a mode
of failure using Level C Service Limits.

The critical buckling pressure, P,,, in the ring mode
from external pressure caused by dead and live
overburden loads are calculated by equation (36) for
OD controlled piping and by equation (37) for ID
controlled piping.

pipe and the external pressure. The final safety factor
for two or more loads is as shown in Equation (35).

Ovality will reduce the critical pressure to as
indicated in equations (31), (32), (36) and (37).
Percent Ovality is defined in equation (38)

Percent Ovality = D,,- D,.
Dm

(38)

3681.4 Axial Bending Strain Limits

Axial bending strains of the polyethylene piping are
limited to values in Table 3653-1 to prevent local
wrinkling or buckling of the pipe wall. The maximum
strains determined from any of the equations (39) or
(40) are to be considered. It is noted that equations
(39), and (40) calculate stress and convert this to
strain by dividing the stress by the applicable elastic
modulus for the pipe, E, that is listed in Table 3111-1
as a function of load duration and temperature.

3681.5 Pipe Wall Crushing

Compressive hoop stresses, S, in the pipe wall from
all overburden sources are limited to an allowable
stress of k, S,. Wall stress, Sw, is to be calculated
from the pressures on the crown of the piping, Pc..
from the overburden loading using the formulas
below for OD controlled pipe and ID controlled pipe,
respectively.

N, =2Ef, I ) 3l

(36)

(37)

Where:

E= The elastic modulus of the pipe material as a
function of load duration and temperature as
listed in Table 31 I- 1.

v Poisson's ratio (0.35 for short term loads, 0.45 for
long term loads).

f,,= The Ovality Compensation Factor in Figure
3681-2.

P-11- = The pressure at the crown (top) of the pipe
calculated from trench soil loads, equation
(29) or transportation loads equation (30).

When using equations (36) and (37), the effects from
trench and surface loads should be calculated
separately. This is done so that the differences in the
PE pipe elastic modulus for the time duration of the
loading can be considered. The calculated critical
pressure must be a factor 1.5 for service level C or
more above the compressive pressure acting on the
pipe which is the difference between the inside of the

si = ......,, (DR - 1) < ki,,h
2

S,= ., (IDR + 1) < khiSh

2
Where:

(39)

(40)

P n. =-Pressure at the top (crown) of the pipe
calculated from trench soil loads, equation
(29) and transportation loads equation (30).

k,, = The service level stress factor listed in Table
3642-2 for i = A, B, C, or D.

S, = basic allowable stress given in Tables 3611-1
and 3611-2.

When assessing design adequacy for the two types of
loads at the crown of the pipe that have varying
allowable stress, equation (41) may be used, or
alternatively the lowest most conservative allowable
stress S, may be used.
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SLoad- - •+ SLoad- 2  + ..... < 1.0

SAIw-Load-I SAllvw-Load-2

(41)

3681.6 Ring Deflection Limits

Ring deflection of the pipe occurs from the
overburden pressure of the soil, water and surface
loads. The ring deflection of the polyethylene pipe
must be limited. This deflection is based on the
pressure on the crown (top) of the pipe, P ..

For OD controlled pipe, the deflection can be
estimated as follows:

Limits listed in Table 3681-5 presume that the
deflected pipe is at the maximum pressure based on
either equation (1) or (2). Table 3681-5 incorporates
a factor of safety of 2.0. At reduced pressure, the
allowable deflection may be increased by a factor of
(2 - SAS,), where S,_,, and S, are defined for Equations
(2) and (3).

3681.7 Ring Bending Strain Limits

Ring bending strains for pressurized pipe that occur
in the pipe wall for a deflection, X, must satisfy the
deflection limit contained in equation (44).

AX (42) 6.4tAX < khiSh

D - E
(44)

Where:

AX = The horizontal deflection, in.
D, = The inside diameter, in.
P,.,,- = The pressure at the crown of the pipe, lb/ft2,

calculated from trench soil loads, equation
(29) or transportation loads equation (30).

K, = The bedding factor, usually 0.1.
L = The Deflection Lag Factor (1.0 recommended for

short term loads and 1.5 for long term loads).
E' = The soil reaction modulus, psi (Table 3681 -1).
E = The pipe elastic modulus as a function of load

duration and temperature as listed in Table 3111-
I, psi.

%ID = The allowable deflection percentage listed in
Table 3681-5.

The Deflection Lag Factor, L, accounts for the
viscoelastic ring deflection of the polyethylene pipe
from the time of loading to the design life of 50
years. A value of 1.5 for long-term loads relates this
deflection to a 50-year life most accurately. The
effects of the trench loads and transportation loads
should be calculated separately and added together.

The percentage deflection, %D, is defined as follows:

%ID = AXI00 (43)
D,

Allowable ring percentage deflections are limited to
values listed in Table 3681-5.

Where:

t = The pipe wall thickness.
AX = The pipe deflection determined from equation

(42).
D = The mean pipe diameter (D- 1.06t).
E = The elastic modulus as a function of load

duration and temperature as listed in Table 3611-
I.

k= The service level stress factor listed in Table
3642-2 for i = A, B, C, or D.

S= Basic allowable stress given in Tables 3611-I
and Table 3611-2 for short term leads.

Ring bending strain is limited to 0.042 in/in for non-
pressurized pipe.

-3682 Buoyancy Forces on Buried Pipe

Buoyancy forces are of concern only when flooding
at the site is possible. For this case the buoyancy
force must be less than the forces holding the pipe
down. Calculations are made per foot of pipe.

F,, < (W +W1.+ W + W,)*FS (45)

Where:

F, = The buoyancy force, lb/ft.
W, = The weight of a foot of pipe, lb/ft.
W = The soil weight over a foot of pipe, lb/ft.
WI = The weight of the liquid in a foot of pipe,

lb/flt.
Wý/ = The weight of the flooded soil, lb/ft.0

A-15



CASE

N-__

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Approval Date:

FS = The Factor of safety (FS = 2.0 Level A, 1.8
for Level B.and 1.5 for Levels C and D).

The soil weight is based on the prism formula in
Equation (46).

Js = 7,,il (H - H' )DL (46)

and the flooded weight is based on the equation (47).

W, = (7.•, - .D. (4 -.- + DH' (47)

Where:
7.,,,, = The specific weight of the dry soil, (70-144

lb/ft')
y_,• = The specific weight of the water, 62.4 lb/ft'
H = The buried distance of the pipe measured

from the crown, ft.
H' = The ground water saturation above the pipe

crown, ft.< H
D = The pipe OD, ft.
L = The length of pipe (1 ft)

The buoyancy force is equal to the weight of the fluid
displaced by the piping.

7ro0
F Y 4 " L . (48)

0
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Table 3111-1: Elastic Moduli for Pipe Fabricated from PE 3408

Load Duration Elastic Modulus t, 1000 psi (MPa), at Temperature. *F (QC)

-20(-29) 0(-18) 40(4) 60(16) 73(23) 100 (38) 120 (49) 140 (60)

300.0 260.0 170.0 130.0 110.0 100.0 65.0 50.0(2069) (1793) (1172) (896) (758) (690) (448) (345)

140.8 122.0 79.8 61.0 57.5 46.9 30.5 23.5
(971) (841) (550) (421) (396) (323) (210) (162)

125.4 108.7 71.0 54.3 51.2 41.8 27.2 20.9(865) (749) (490) (374) (353) (288) (188) (144)

107.0 92.8 60.7 46.4 43.7 35.7 23.2 17.8
(738) (640) (419) (320) (301) (246) (160) (123)

93.0 80.6 52.7 40.3 38.0 31.0 20.2 15.5
(641) (556) (363) (278) (262) (214) (139) (107)

77.4 67.1 43.9 33.5 31.6 25.8 16.8 12.9
10_y _ (534) (463) (303) (231) (218) (178) (116) (89)

69.1 59.9 39.1 29.9 28.2 23.0 15.0 11.51oy (476) (413) (270) (206) (194) (159) (103) (79)

t Typical values based on ASTM D 638 testing of molded plaque material specimens.

Table 3113-1 - Suggested Load Combinations and Assigned service levels

Primary Cyclic Secondary Non-cyclic Secondary
Design P + W"

LevelA P + W + P T1+FH S1

Level B P + W" + P, T, + OBE-W+OBE-W,,b None

Level C P + W'+ P, + F TL (extreme up to 1400 F) None

Level D None TL (faulted > 1400 F) None
SSE-W + SSE-D

Table 3611-1(a): Allowable Stresses, S,, for Pressurized Polyethylene Pipe
at Temperatures from 400 F to 1400 F for 10 Year Life.

Temperature HDB (psi) for PE Sh (psi)

3408 for PE 3408

400 F 2242 1120

60 0 F 1848 920

700 F 1678 840

100' F 1238 620

1200 F 1036 520
1400 F 854 430

0
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Table 3611-1(b): Allowable Stresses, S•, for Pressurized Polyethylene Pipe at
Temperatures from 400F to 140°F for 20 Year Life.

Temperature HDB (psi) for PE 3408 Sh (psi)

for PE 3408

400F 2213 1110

60 0 F 1824 910

700F 1678 840
1000 F 1239 620

1200 F 1021 510
1400 F 842 420

Table 3611-1(c): Allowable Stresses, S, for Pressurized Polyethylene Pipe at
Temperatures from 40 0F to 1400 F for 30 Year Life.

Temperature HDB (psi) for PE 3408 Sh (psi)

for PE 3408

40 0 F 2197 1100
600 F 1810 910

700F 1643 820
100 0 F 1229 610

120°F 1012 510
1400 F 834 420

Table 3611-1(d): Allowable Stresses, $,, for Pressurized Polyethylene Pipe at
Temperatures from 40'F to 1400 F for 40 Year Life.

Temperature HDB (psi) for PE 3408 Sh (psi)
for PE 3408

400 F 2185 1090
60 0 F 1800 900
70 0 F 1634 820

1000 F 1221 610
1200 F 1006 500
1400 F 829 410

0
A-18



CASE.

N- -

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Approval Date:

Table 3611-1(e): Allowable Stresses, Sh, for Pressurized Polyethylene
Pipe at Temperatures from 400 F to 1400 F for 50 Year Life.

Temperature HDB (psi) for PE 3408 Sh (psi)

for PE 3408

400 F 1910 960

600F 1720 860

700F 1590 800
1000 F 1240 620
1200 F 1030 520
1400 F 800 400

Table 3611-1(f): Allowable Stresses, S, for Pressurized Polyethylene
Pipe at Temperatures from 400 F to 1400 F for 60 Year Life.

Temperature HDB (psi) for PE 3408 Sh (psi)

for PE 3408

400 F 1910 960

600 F 1720 860
700 F 1590 800
1000 F 1240 620

1200 F 1030 520
1400 F 800 400

Table 3611-2: Allowable Stresses, Ss, Pressurized Polyethylene Pipe
Fabricated from PE 3408 at Temperatures from 400 F to 1400 F for 1,000 Hour

Load Duration or Less.
Temperature HDB (psi) for PE 3408 Sh (psi) for PE 3408

400 F 2140 1070

600 F 1920 960
700 F 1780 890

1000 F 1390 700
120 0 F 1140 570
1400 F 940 470
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Table 3613-1: Fitting Derating Factors
Fitting Derating
Fabricated 900 ELL - Five Segment 25%

Fabricated 90 °ELL - Three Segment 38%

Fabricated 450 ELL - Three Segment 25%

Fabricated 450 ELL - Two Segment 38%

Fabricated 22.50 ELL - Two Segment 25%
Fabricated Tees - Three Piece 25%
Fabricated Tees - Two Piece 50%
Fabricated Cross 50%
Fabricated Wye - Three Piece 40%
Fabricated Wye - Two Piece 50%
Reducing Tee none
Concentric Reducers none
Transition Fittings none
MJ Adapters none
Bell MJ Adapters none
Flange Adapters none
Snub Ends none
Molded Caps none
Wall Anchors none
Molded Fittings none

Table 3642-2: service level Stress Factor

service level hi Factor of safety
A 1.0 2.0
B 1.1 1.8
C 1.33 1.5
D 1.33 1.5

Table 3653-1: Allowable Bending Strains

Pipe Dimension Ratio, DR Allowable Bending Strain in/in

DR _ 13.5 0.025*fsL

13.5<DR<21 0.02"fSL

DR > 21 0.017*fsL

Where: fL = factor for the service level for the types of loads being applied. fL = 1.0 for service level
A, f-, = 1.1 for service level B. and f_, = 1.33 for service level C & D loads.
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Table 3653-2: Fitting Factors

Fittings Fitting Factor, Ff

900 Ell 1.41

Caps, Plugs, Tees 1.00
450 Ell 0.77

Table 3654-1: B, and B, for Miter Bends

D/t Nom OD B1 PE B2 PE
7 10.75 0.69 1.38
7 12.75 0.69 1.38
7 14.00 0.69 1.38
9 10.75 0.69 1.64
9 12.75 0.69 1.64
9 14.00 0.69 1.64

11 10.75 0.69 1.91
11 12.75 0.69 1.91
11 14.00 0.69 1.91

13.5 10.75 0.69 2.21
13.5 12.75 0.69 2.21
13.5 14.00 0.69 2.21

0

Table 3681-1: Reaction Modulus E for Various Soils and Soil Conditions (lb/in 2)

Soil Type Dumped Proctor < 85% 85%<Proctor<95% Proctor > 95%
Very Fine

Grain 50 200 400 1000
Fine Grain 100 400 1000 2000

Coarse Grain 200 1000 2000 3000

Table 3681-2: Constant A, in Equation (3) & (4)

Bedding Angle A,
Degrees

0 0.294
15 0.234
30 0.189
45 0.157
60 0.138

A-21



CASE

N- -

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Approval Date:

Table 3681-3 - service level Stress Factor

service level khi Factor of safety
A 1.0 2.0
B 1.1 1.8
C 1.33 1.5
D 1.33 1.5

Table 3681-4 Reduction Factors R for Surface Load Calculations
(Factors Reproduced from Table 50.4 in AWWAC150)

Pipe Size, D Depth of Cover, H (ft.)
(in.) < 4 4-7 8-10 >10
3-12 1.0 1.0 1.0 1.0

14 0.92 1.0 1.0 1.0
16 0.88 0.95 1.0 1.0
18 0.85 0.90 1.0 1.0
20 0.83 0.90 0.95 1.0

24-30 0.81 0.85 0.95 1.0
36-64 0.80 0.85 0.90 1.0

Table 3681-5: Allowable Pressure Pipe Deflection
Percentage of Diameter

DR % ID
26 7.0
21 6.0
17 5.0

13.5 4.0
11 3.0
9 2.5

0
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Steel Flange

Steel Backing Ring

Bolting

- HDPE Flange Adapter

Steel Pipe

jasket

S te e l P ip in g - -- _- - -- HDPE Piping

Figure 3647-1 - Typical Flange Arrangement

GRADE

Figure 3681-1 Trench Parameters
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-4000 FABRICATION AND INSTALLATION

(By Others)

-5000 EXAMINATION

(By Others)

-6000 TESTING

(By Others)

-7000 OVER PRESSURE PROTECTION

(By Others)

-8000 NAME PLATES, STAMPING, AND
REPORTS

(by Others)

0
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Appendix I - Soil Spring Calculation Methods

1.1 GENERAL CONSIDERATIONS

There are four spring stiffnesses that vary
depending on the direction: (1) transverse
(horizontal, perpendicular to the pipe), (2) axial
(longitudinal, parallel to the pipe), (3) vertical up
and (4) vertical down. Due to the flexibility of PE
pipe relative to the soil stiffness, the contribution
to the overall stiffness from ovaling of the PE
pipe should be considered.

1.2 STIFFNESS DUE TO PE PIPING
OVALING

The stiffness due to pipe ovaling in any given
direction perpendicular to the pipe (either
transverse or vertical up or down) for a length of
piping (between discretized soil springs) is
calculated by Equation 1.1 for OD controlled pipe
and Equation 1.2 for ID controlled pipe.

E = The pipe elastic modulus, psi
(Table 3-5), use the Short-Term
modulus for seismic loads and the
1000 hr. modulus for thermal loads.

L,= Effective length of piping modeled
by the discreet spring. The
recommended effective lengths are
shown in Figures 1-6 and 1-7.

The stiffness is based on half of the deflection of
the ring (the approximate ovaling deflection at
the center of the pipe) and calculates the
stiffness in lb/in for a discreet spring of this effect
that is distributed along the length and diameter
of the pipe.

1.3 SOIL SPRING AND MODELING
METHOD #1

This method is based on Non-mandatory
Appendix VII of the ASME B31.1, Power Piping
Code. This methodology models the soil
stiffness in the transverse (horizontal,
perpendicular to the pipe), vertical up and
vertical down directions. This nonmandatory
appendix presents a methodology for calculating
k,, the vertical modulus of subgrade reaction in
psi, kh the horizontal modulus of subgrade
reaction in psi, and k,,, the orthogonal soil spring
on the pipe in lb/in. The effect of the axial friction
force on the pipe is modeled in Appendix VII of
ASME B31.1 by applying a force that is defined
as F, the total friction force at the changes in
direction of the pipe.

When using this method k, and kh as defined in
Appendix VII of ASME B31.1 are the parameter
K in defining the ovaling stiffness in Subsection
1.2 above. The spring stiffness used for the
combined soil/pipe ovaling that should be
modeled is defined using the springs in series as
follows:

K n= (.1)

(I.2)
K2-

D"p

+0.060E

Where:
K,o= Stiffness due to pipe ovaling, lb/in.
D= The inside diameter of the pipe, in.
D = The outside diameter of the pipe, in.

DR= Pipe Dimension Ratio, DR=D/t
IDR= Pipe Dimension Ratio for Inside

Diameter Controlled pipe, IDR=D,it
Kb = The bedding factor, usually 0.1.
L = The Deflection Lag Factor (1.0

recommended for seismic loads
and 1.5 for thermal loads).

E'= The soil reaction modulus, psi, as
defined in any given direction in
Subsections 1.2, 1.3, 1.4, or 1.5
below.

1 1 1
K•oj• • p ki,./

(1.3)

Where:
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K 0,-,- ~ = combined soil - ovaling spring in a
given direction (lb/in)

Ko = spring due to pipe ovaling
calculated in Subsection 1.2, (lb/in)

kj = spring stiffness in a given direction
calculated using the methodology in
ASME B31.1, Appendix VII

1.4 SOIL SPRING CALCULATION
METHOD #2

1.4.1 BASIC PARAMETER CALCULATION

The piping may be modeled using soil springs in
all four directions (1) transverse (horizontal,
perpendicular to the pipe), (2) axial (longitudinal,
parallel to the pipe), (3) vertical up and (4)
vertical down using the equations provided in
the ASCE guidelines for oil and gas
transmission lines. Table I-1 provides equations
for f, (force in a given direction) and d,
(displacement in a given direction).

1.4.2 Soil Spring Calculation

(a) Lateral Using the formulations of 1.4.1, the
modulus of subgrade reaction in psi in a given
direction, k, is given by the formulation for the
transverse, vertical up and vertical down
springs:

When using this method, k, the parameter E' in
defining the ovaling stiffness in Subsection 1.2
above. The spring stiffness for the soil is given
by the following formulation:

k,, = f,, * L, / d, (1.5)

Where:

f,1 , d,, ,= force f, and displacement d
calculated using the formulations in
Table I-1.

k,,j = spring stiffness in a given
direction calculated using the
formulations in Table I-1.

L, = effective length of piping modeled
by the discreet spring as shown in
Figures 1-6 and 1-7.

(b) Vertical Springs The spring stiffness in the
vertical direction is adequately modeled using an
average of the vertical up and down springs
calculated using Equation 1.4. The spring
stiffness used for the combined soil/pipe ovaling
behavior that should be modeled is defined
using the springs in series in Equation 1.2
described above.

(c) Axial Springs The axial spring is modeled
using Equation 1.4 and does not require
correction for ovaling.

k, = f,, / D (1.4)

Where:
f,

D

= Force f (lb/in) calculated using the
formulations in Table I-1.
= Outer diameter of pipe [in]
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Appendix I - Soil Spring Calculation Methods

Table I-1 Summary of Equations to Calculate the Breakaway Force f, and
Displacement d, [ASCE Oil-Gas, [12]]

Soil Transverse Spring Axial Spring Vertical Down Vertical Up Spring:
f, / d, fý / dý Spring: f,,ld/d fd,

Sand ft = D 7_,, HNqh fa = (;rD/2) 7..,, fd = 7..,, HNqD + o fu = D y_,o H Nq,
dt = 2% to 10% H(1+K.) tanS 1 D N/2
(H+D/2) da=O. 1" to 0.2" dd=10% to 15%D du=0.5% to 1.5%H

Clay ft = D Su Noh fa = ;rD C, fd = 5.14 D Su fu = D Su N_
dt = 3% to 5% da=0.2" to 0.4" dd=10% to 15%D du=10% to 20% H

I (H+D/2)

Where: D = Outer diameter of pipe [in]
d, = Displacement [in]
7..o. = Density of soil [lb/in3]
H = Height of fill above top of pipe [in]
Nqh = Horizontal bearing capacity factor for sand (varies with H/d and p, refer to

Figure I-1 and 1-2(A) below.
Ko = Coefficient of soil pressure at rest, 0.5 to 1.0 [o]
8 = Friction angle pipe-soil [deg.] 8 clay = 0, 6 sand = 0.5 ý to 0.8
Nq, = Vertical up bearing capacity factor for sand (varies with H/d and •, refer to

Figure 1-4).
No = Vertical up bearing capacity factor for clay (varies with H/d, refer to Figure 1-5).
Nq = Downward bearing capacity factor 1 for sand (varies with p, refer to Figure 1-3

ASCE Oil-Gas to determine factor)
No,, = Horizontal bearing capacity factor for clay (varies with H/d, refer to Figure I-

2(B) ASCE Oil-Gas to determine factor)
Ny = Downward bearing capacity factor 2 for sand (varies with 4, refer to Figure 1-3

ASCE Oil-Gas to determine factor)
Ca = Soil adhesion [psi] - Consisting of a * S.; where S. is the undrained shear

strength and a. is a constant varying with S., refer to Figure 1-3 to determine the
factor.
= Undrained shear strength for clay (calculated from pile driving data).
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Figure I-I Horizontal Bearing Capacity Factor for Sand as a Function of Depth to Diameter
Ratio of Buried Pipelines

(Reproduced from Figure 5-6 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems)
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Appendix I - Soil Spring Calculation Methods

D
Nqh Nch

2 5 10 20 50 2 5
10

H

D

(A) GRANULAR SOIL (B) COHESIVE SOIL

Figure 1-2 Horizontal Bearing Capacity Factors as a Function of Depth to Diameter Ratio
for Pipelines Buried in Sand (a) and Clay (b)

(Reproduced from Figure 5-7 of ASCE Guidelines for the Seismic Design of Oil and Gas
Pipeline Systems)
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Appendix I - Soil Spring Calculation Methods

TI-1 General Considerations

The North-South and East-West displacements may
be taken directly from the applicable displacement
tables in the SAR for sites with buildings that have
two-dimensional analyses (models) to calculate
Seismic Anchor Motions (SAMs). The applicable
displacement is the building displacement at the
elevation where the piping exits the building. The
vertical displacement is conservatively estimated as:

Ay = d(Br, sin + _±Br, cos 0) (11-l)

Where:

d = The horizontal distance from the locationi of
the lumped mass analytical model (relative to
the building structure) to point at which the
piping exits the building (inches).

Br- = East-West Basemat Rotation (rotation about
the x axis in Figure 11-I) (Radians)

Br. = North-South Basemat Rotation (rotation
about the y axis in Figure 1I1-) (Radians)

Ay = Vertical Displacement (inches)

d, 0, per Figure II-1

If the Building Displacement Data for the Building
under review is not given in the SAR, then the
applicable building analysis calculations should be
consulted.

If the analysis is a 3D analysis, the displacements
should be calculated using the following
relationships:

S = (+_ An ,,. _ d (T) cos0) (11-2)
A =(+An+d(T)sinO0) (11-3)

A ... = (+ An ,+_ (d Br- sinO +± dBr,,, cos0))(II-4)

Where:

A = Resulting North-South Seismic basemat
displacement (inches)

A- = Resulting East-West Seismic basemat
displacement (inches)

= Resulting Vertidal Seismic basemat
displacement (inches)

An, = North -South Seismic Displacement at the
Piping Elevation (inches)

An = East -West Seismic Displacement at the Piping
Elevation (inches)

An~ .= Vertical Seismic Displacement at the Piping
elevation (inches)(In most cases An ,,, 0)

T, = Basemat Torsional rotation (rotation about the
z axis) (radians)

Br- = Basemat East West Rotation (rotation about
the x axis) (radians)

Br, = Basemat North-South Rotation (rotation about
the y axis) (radians)

d, 0 per Figure I1- 1.

The building analysis calculations may have to be
consulted to determine the necessary displacement
and rotational data.

The displacements in the piping at the penetration or
last support is applied to the piping to either a model
of the underground piping as described in Appendix I
or a simplified model that includes a sufficient length
of the PE pipe to adequately absorb the building
displacements. The soil springs and axial load
considerations included in the Appendix I discussion
shall be included. When a simplified model is used a
fixed support should be placed at the end. The fixed
support provides a conservative termination of the
model for estimating stresses from SAMs.
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Figure I1-1 Definition of d and 0 for Calculation of Seismic Building Displacements
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B
COMPUTER MODELING

B.2.1 Soil Springs and Break Away Displacement

When computer evaluation is utilized, the soil constraint on the pipe is modeled as distributed
bilinear springs in each direction. There are four types of spring stiffness that vary depending on
the direction:

* Transverse (horizontal, perpendicular to the pipe)
* Axial (longitudinal, parallel to the pipe)
" Vertical up
" Vertical down
Due to the flexibility of PE pipe relative to the soil stiffness, the contribution to the overall
stiffness from ovaling of the PE pipe should be considered. This effect is not included in
standard piping analysis programs (except at fittings that include the effect of ovaling due to
bending loads on the piping in the flexibility factors). However, the flexibility of fittings is not
the same as the phenomena with respect to the pipe/soil interaction when subjected to thermal or
seismic loads. In the case of PE pipe, when the soil pushes against the pipe the overall deflection
is a function of both the deformation of the soil and the pipe deformation due to ovaling. This
effect is not discussed for buried steel pipe in ASCE Guidelines for the Seismic Design of Oil
and Gas Pipeline Systems [ 12] or Non-Mandatory Appendix VII of ASME B31.1 [18]. This
omission is due to the steel piping being much stiffer than the surrounding soil so the effect is
negligible. This is not the case with PE pipe where ovaling deflection may be as great as that in
the soil.

The spring stiffness is considered linear with a stiffness f/d, in an analysis until the breakaway
force is reached; beyond that point the stiffness between the pipe and the soil is considered to be
small. The values of the breakaway force fi and displacements di can be obtained from soils and
foundation theory or from published results (Table B-i).

The following sections outline the two methodologies that may be used to calculate the
directional stiffness of the combined soil/PE pipe ovaling springs.

B.2.2 Stiffness Due to PE Piping Ovaling

The stiffness due to pipe ovaling in any given direction perpendicular to the pipe (transverse,
vertical up, or vertical down) for a length of piping (between discretized soil springs) is
calculated by Equation B-la for OD controlled pipe and Equation B-lb for ID controlled pipe.
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= D Li Eq. B-laDi KbL

Kp 2= IDR+1 D Li Eq. B-1 bDiKbL .

Where:
K,, = Stiffness due to pipe ovaling.

Di = The inside diameter of the pipe (inches).

D = The outside diameter of the pipe (inches).

DR Pipe dimension ratio, DR=D /t.

IDR = Pipe dimension ratio for inside diameter controlled pipe, IDR=D /t.

Kb, The bedding factor (usually .0.1).

L = The deflection lag factor (1.0 recommended for seismic loads and 1.5 for
thermal loads).

E' = The soil reaction modulus, psi, as defined in any given direction in
Sections B.2 through B.5.

E The pipe elastic modulus, psi (Table 3-5). Use the short-term modulus for
seismic loads and the 1000 hr modulus for thermal loads.

L' = Effective length of piping modeled by the discreet spring. The
recommended effective lengths are shown in Figures B-6 and B-7.

It is noted that Equations B-la and B-lb have been derived from Equation 5-14 that calculates
the ring deflection due to the overburden pressure on the pipe. The stiffness is based on one-half
of the deflection of the ring (the approximate ovaling deflection at the center of the pipe) and
calculates the stiffness in lb/in, for a discreet spring of this effect that is distributed along the
length and diameter of the pipe.

B.2.3 Soil Spring and Modeling Using Non-Mandatory Appendix VII of
ASME B31.1, Method No.1

Non-mandatory Appendix VII of ASME B31.1 [18] presents a methodology for modeling and
analyzing buried piping. This methodology models the soil stiffness in the transverse (horizontal,
perpendicular to the pipe), vertical up, and vertical down directions. This non-mandatory
appendix presents a methodology for calculating k (the vertical modulus of subgrade reaction in
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psi), k, (the horizontal modulus of subgrade reaction in psi), and kj (the orthogonal soil spring on
the pipe in lb/in.). The effect of the axial friction force on the pipe is modeled in Appendix VII of
ASME B31.1 [18] by applying a force that is defined as Ff (the total friction force at the changes
in direction of the pipe).

When using this method, k, and k, as defined in Appendix VII of ASME B31.1 [18] are the
parameter Kin defining the ovaling stiffness described in Subsection B.1 of this appendix. The
spring stiffness used for the combined soil/pipe ovaling that should be modeled is defined using
the springs in series as shown in Equation B-2.

1

K s-OiS-oj

1 1
K poki. Eq. B-2

Where:

K_,,i.•-,j ý= Combined soil-ovaling spring in a given direction [lb/in]

KPO = Spring due to pipe ovaling calculated in Subsection B.1 [(lb/in]

kij = Spring stiffness in a given direction calculated using.the methodology
in ASME B31.1, Appendix VII [18].

B.2.4 Soil Spring Calculation Method No. 2

The piping may be modeled using soil springs in all four directions-transverse (horizontal,
perpendicular to the pipe), axial (longitudinal, parallel to the pipe), vertical up, and vertical
down-using the equations provided in the ASCE guidelines for oil and gas transmission lines
[12]. Table B-1 provides equations for f, (force in a given direction) and d, (displacement in a
given direction), which are taken from the ASCE guidelines for oil and gas transmission
pipelines.

Table B-1
Summary of Equations to Calculate the Breakaway Force f, and Displacement d, [12]

Soil Transverse Spring Axial Spring Vertical Down Spring Vertical Up Spring

f f/d, t-/d,,

Sand ft = D yl,,, HN,, fa = (7D/2)y,, fd HND + fu = D H N,

dt = 2% to 10% H(I+K,,) tang D2Ny12

(H+D/2) da = 0.1 in. to dd 10% to 15%D dI = 0.5% to 1.5%H
0.2 in.

Clay ft=DS, N,,, fa= 7DC fd =5.14DSu fu=DSN.

dt 3% to 5% da = 0.2 in. to dd = 10% to 15%D du = 10% to 20%H
(H+D/2) 0.4 in.

0
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Where:

D = Outer diameter of pipe [in.]

di = Displacement [in.]

f = Breakaway force [lb]

Yol = Density of soil [lb/in3]

H = Height of fill above top of pipe [in.]

Nq = Horizontal bearing capacity factor for sand (varies with H/d and 0, refer to
Figures B-I and B-2(a)

Ko = Coefficient of soil pressure at rest (0.5 to 1.0 [o])

S = Friction angle pipe-soil (deg.), Sclay = 0, dsand = 0.5 q to 0.80

N,,, = Vertical up-bearing capacity factor for sand (varies with H/d and qS, refer
to Figure B-4)

N.I = Vertical up-bearing capacity factor for clay (varies with Hid, refer to
Figure B-5)

Nq = Downward bearing capacity factor I for sand (varies with 0, refer to
Figure B-3 [12] to determine factor)

N,, = Horizontal bearing capacity factor for clay (varies with H/d, refer to
Figure B-2(b) [12] to determine factor)

Ny = Downward bearing capacity factor 2 for sand (varies with 0S, refer to
Figure B-3 [12] to determine factor)

C, = Soil adhesion (psi) (Consisting of a e S, where S , is the undrained shear
strength and a is a constant varying with S,,, refer to Figure 4-2 to
determine factor)

S = Undrained shear strength for clay (calculated from pile driving data)

@0
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Horizontal Bearing Capacity Factor for Sand as a Function of Depth to Diameter Ratio of Buried
Pipelines. (Reproduced from Figure 5-6 of ASCE "Guidelines for the Seismic Design of Oil and
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Horizontal Bearing Capacity Factors as a Function of Depth to Diameter Ratio for Pipelines Buried
in Sand (a) and Clay (b). (Reproduced from Figure 5-7 of ASCE "Guidelines for the Seismic Design
of Oil and Gas Pipeline Systems" [12].)
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Using the previous formulations, the modulus of subgrade reaction in psi in a given direction ki is
given by the formulation for the transverse, vertical up, and vertical down springs as shown in
Equation B-3.

ki = fi.i / D Eq. B-3

Where:

D

Forcef [lb/in] calculated using the formulations in Table B-I

= Outer diameter of pipe [in.]

When using this method, k, (as defined in Non-mandatory Appendix VII) is the parameter E' in
defining the ovaling stiffness discussed on Section B. I of this appendix. The spring stiffness for
the soil is given by Equation B-4.

kij = fij * Li/ d Eq. B-4

Where:

f,1j, d.j Force f and displacement d calculated using the formulations in Table B-I

k,.j =Spring stiffness in a given direction calculated using the formulations
in Table B-1.

Li = Effective length of piping modeled by the discreet spring as shown in
Figures B-6 and B-7.
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0 The spring stiffness in the vertical direction is adequately modeled using an average of the
vertical up and down springs calculated using Equation B-4. The spring stiffness used for the
combined soil/pipe ovaling behavior that should be modeled is defined using the springs in series
in Equation B-2 described previously. The axial spring is modeled using Equation B-4 and does
not require correction for ovaling.
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Figure B-6
Computer Modeling With Soil/Pipe Ovaling Springs
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1 B.2.5 Computer Modeling
The previous sections of Appendix B describe the calculation of combined soil/pipe ovaling
springs to be used for the evaluation of both thermal and seismic loads. These springs must be
spaced along the piping at an appropriate spacing. The spacing must be dense enough to model
the behavior of the piping while keeping the model to a manageable size. The spacing of soil
springs along the pipe should be determined as described here and in Non-Mandatory Appendix
VII in B31.3 [18]. Unlike flexible aboveground piping, most of the movements in buried piping
are absorbed with a short distance (the influence length L6) of changes in direction.

Lp = 3;T/4/3 Eq. B-5

S= [k),/(4 E I)]'14 Eq. B-6

Within the influence length, soil springs may be spaced at a distance Li of approximately 2D,
with individual spring stiffness K ..,,j. Beyond the influence length, the springs may be spaced at
larger distances Li such as IOD. This is shown schematically in Figure B-6. In addition, beyond
the influence length, three soils springs shall be spaced at a length of 2D on each side of any
changes in piping direction. Examples of this are shown in Figure B-7.

B.2.6 Vertical Piping Runs

There are no significant concerns with trench loading and surfacing loading creating a lateral
crushing load on the piping for vertical piping. For these loadings (trench and surface), the lateral
piping runs preceding or following the vertical run will in most cases control the design of the
buried piping system. Therefore, explicit consideration of trench and surface loading for vertical
runs of buried piping is not required.

For thermal and seismic loadings, when using computer analysis, vertical piping runs are
considered essentially the same as horizontal piping runs in the determination of the influenced
length. However, for vertical piping, the soil spring stiffness should be applied as follows:

* The transverse soil spring stiffness should be applied in each of two orthogonal horizontal
directions.

" The axial soil spring stiffness should be applied in the vertical direction.
In addition, the thermal expansion and axial strains shall also be applied to the vertical piping
runs (in the axial direction). The through-the-wall trench bending stress may be taken as zero for
vertical piping runs.

0
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C
STRESS INTENSITY FACTORS AND FLEXIBILITY
FACTORS
Because the interim fatigue strength of 1100 psi is based on butt fusion joined pipe, the stress
intensity factors (SIFs) are 1.0 for all butt fusion joints including joints to flange adapters.

All other flexibility factors, SIFs, and constants B, and B2 are to be based on the 2001 ASME
Boiler and Pressure Vessel Code, Division 1, Subsection ND, Class 3 Components [13].
Constants B, and B2 are to be increased by the manufacturer's derating factors. Table C-1 lists
the highest value of either industry practice or ASME B31.1 [18].

Table C-2 lists calculations of SIFs, and constants B, and B, based on the 2001 ASME Code
[13], for a three-segment fabricated 900 elbow. The values for this PE elbow have been increased
by a factor of 1.38 based on the values listed in Table C-1. The derating value is 38%.

0
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Table C-1
Fitting Derating Factors Based on ISCO Industries [17] and ASME 31.1 [18]

Fitting Derating

Fabricated 90' ELL - Five segment 25%

Fabricated 900 ELL - Three segment 38%

Fabricated 450 ELL - Three segment 25%

Fabricated 450 ELL - Two segment 38%

Fabricated 22.50 ELL - Two segment 25%

Fabricated tees - Three piece 25%

Fabricated tees - Two piece 50%

Fabricated cross 50%

Fabricated wye - Three piece 40%

Fabricated wye - Two piece 50%

Reducing tee none

Concentric reducers none

Transition fittings none

MJ adapters none

Bell MJ adapters none

Flange adapters none

Snub ends none

Molded caps none

Wall anchors none

Molded fittings none

0
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Table C-2
Calculation of Constants B1, B2, and Stress Intensification Factors i Based on the Geometry of a
Three Segment 900 EL from ISCO HDPE Fittings [17]

D/t Nom t Dm R r=Dm/2 h Bi B2 i B1 B2

OD PE PE

7 10.75 1.536 9.214 17.25 4.607 0.569 0.50 1.00 1.31 0.69 1.38

7 12.75 1.821 10.929 19.50 5.464 0.569 0.50 1.00 1.31 0.69 1.38

7 14.00 2.000 12.000 21.00 6.000 0.569 0.50 1.00 1.31 0.69 1.38

9 10.75 1.194 9.556 17.25 4.778 0.427 0.50 1.19 1.59 0.69 1.64

9 12.75 1.417 11.333 19.50 5.667 0.427 0.50 1.19 1.59 0.69 1.64

9 14.00 1.556 12.444 21.00 6.222 0.427 0.50 1.19 1.59 0.69 1.64

11 10.75 0.977 9.773 17.25 4.886 0.341 0.50 1.38 1.84 0.69 1.91

I1 12.75 1.159 11.591 19.50 5.795 0.341 0.50 1.38 1.84 0.69 1.91

11 14.00 1.273 12.727 21.00 6.364 0.341 0.50 1.38 1.84 0.69 1.91

13.5 10.75 0.796 9.954 17.25 4.977 0.273 0.50 1.60 2.14 0.69 2.21

13.5 12.75 0.944 11.806 19.50. 5.903 0.273 0.50 1.60 2.14 0.69 2.21

13.5 14.00 1.037 12.963 21.00 6.481 0.273 0.50 1.60 2.14 0.69 2.21

Polyethylene piping using PE 3408 material has a low flexural modulus of about 135,000 psi as
compared to steel, which is 30,000,000 psi. Using this value for PE, the ratio is 0.0045.
However, the fatigue limit is also very different. The recommended value for PE is 1100 psi. The
stress for steel is approximately 22,000 psi. The ratio is 0.05. Deflections to the allowable fatigue
strength of PE pipe are about 11 times that of steel pipe. Thus testing of steel piping components
should yield flexibility factors and constants B, and B2 that can be used temporarily for
polyethylene piping components.

0
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D
THREE-COEFFICIENT EQUATION FOR POLYMERS
The three-coefficient rate process equation (Equation 6 in ASTM D 2837-02 [4] and Equation 11
in "Standard Test Method for Obtaining Hydrostatic Design Basis" [5]) can be used to extend
available data for thermoplastic polymeric materials. Equation D-1 relates time To, temperature
T, and stress S:

B, Cj og S
log T9 = A, +-B+ Eq. D-1

T T

In order to use this equation, data must be available for at least two temperatures and two stresses
at two different times. For PE 3408, sufficient data for the HDB exist at 1000 hours and 50-year
life at various temperatures. However, there are not enough published data from either Chevron
[I] or Driscopipe [2] to solve for the constants A, B and C, for PE 2406. The HDB stress was
used to solve for the constants in Equation D-1.

The constants are shown here for PE 3408:

A, = -112.93

B, = 148098.2 Eq. D-2

C, = -27199.1

Where:

To = Time in years

T Temperature in 'R

S Stress (HDB) in psi

Using these values and units, the following tables and graph were developed. It should be noted
that these approximate values vary slightly from values in Section 3.0.
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Table D-1
HDB and Design Stresses, S, in psi

1000 Hrs 10 Years 20 Years 30 Years 40 Years 50 Years 60 YearsHDB HDB HDB HDB HDB HDB HDB

492 2626 2422 2391 2374 2362 2352 2344

500 2434 2242 2213 2197 2185 2176 2169

520 2013 1848 1824 1810 1800 1792 1786

540 1666 1524 1503 1491 1483 1476 1471

560 1378 1257 1239 1229 1221 1216 1211

580 1140 1036 1021 1012 1006 1001 997

600 943 854 842 834 829 825 821

Temp.°R 1000 Hrs Sh10 Years S,20 Years S,30 Years S,40 Years S,50 Years S,60 Years S,

492 1313 1211 1196 1187 1181 1176 1172

500 1217 1121 1107 1098 1093 1088 1085

520 1007 924 912 905 900 896 893

540 833 762 752 746 741 738 735

560 689 628 619 614 611 608 606

580 570 518 511 506 503 501 499

600 472 427 421 417 414 412 411
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E
EXAMPLE PROBLEMS

E.1 Background

This section provides two examples of the design and analysis of buried HDPE piping. The
examples are based on an actual piping replacement planned at Duke Power Company's
Catawba Nuclear Power Station (CNS). The approach uses the proposed ASME BPVC Code
Case
N-755 [34] as the basis and augments the Code Case with design information developed in this
report.

Catawba Nuclear Station has proposed to replace the buried nuclear service water supply lines
piping from the 42-in. header to the Unit I and Unit 2 Diesel Generator buildings. The existing
10-in. carbon steel pipe is to be replaced with 12-in. HDPE piping and the elevation of the new
piping runs is to be raised to approximately 6 feet below ground level. For the sample analyses,
the 10-in. piping runs from the 42-in. supply header A to Unit I (south) and Unit 2 (north) Diesel
Generator (DG) buildings were chosen.

The analysis;simultaneously considers the buried piping from the 42-in. header to the DG
building wall and a sufficient length of the aboveground extension in the building to account for
any possible interaction effects. A computer analysis is conducted to analyze the buried HDPE
piping for seismic and temperature effects and also to evaluate the effect of the piping
modifications on the existing aboveground piping inside the diesel buildings. The 10-in. carbon
steel piping enters the diesel building at an elevation about 18 feet higher than the existing
piping. Therefore, it is necessary to drop the new piping to the original level and to cut the
existing piping to connect the new piping in the Diesel Building. The existing buried piping
section is capped off and left in place. It is assumed that the effects of the new piping on the 42-
in. header are negligible; therefore, the 10-in. supply line piping is considered anchored at the
header. After the pipe leaves the header, it is routed to an elevation of about 6 feet below ground.
A transition from 10-in. carbon steel to 12-in. HDPE piping is made. The piping remains at the
same level, eliminating the previous changes in elevation. The transition back to 10-in. carbon
steel pipe is made before the piping enters the Diesel building,. The piping model continues into
the Diesel building where the new piping is connected to the existing piping. The model includes
a section of the 10-in. piping inside the building.

This analysis uses the ADLPIPE computer code. Other programs such as CAEPIPE or
AUTOPIPE could also be used. The ADLPIPE solver analyzes complex piping systems
subjected to static and dynamic loads. The piping stresses are computed according to the latest
ASME Code (2004). In addition, the proposed modification by BC05-0448 to address concerns
of the U.S. Nuclear Regulatory Commission (NRC) with the 2004 Edition Level B stress limits
is also evaluated.

This computer analysis differs from previously conducted piping stress analyses because HDPE
a polymer material not currently approved by the Code) is used for the buried piping section. In
the past, computer stress analyses were performed on steel, cast iron, or other metal piping only,
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Wwith the material properties obtained from the appropriate ASME piping codes. However, HDPE
is not an ASME code-approved piping material and the properties are not found in the code. The
material properties of HDPE are also very different from metal properties, with a much lower
modulus and material strength. HDPE piping has material properties that change depending on
the load duration.

The following sketch shows an overall plan view of a section of the 42-in. supply header A and
the two supply lines to the north and south Diesel buildings. More detailed sketches of the two
analyzed lines are found in Sections E.4 and E.5 of this appendix. The orientation of the plan
view corresponds to the plan view of the piping layout drawing CN- 1345-02.
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Plan View of Analyzed System
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E.2 General Analysis Inputs

The analysis inputs in this section are applicable to both sample analysis runs.

E.2.1 Properties

The carbon steel pipe dimensions (OD and thickness) and the weight for this analysis were taken
from standard piping guides (Navco) based on drawings CN-1493-RN.00-042, Rev. 4a, CN-
1493-RN043, Rev. I for Unit 1, CN-2493-RN.00-039, Rev. 9a, and CN-2493-RN040, Rev. 7a
for Unit 2.

The dimensions (OD and thickness) for the IPS HDPE pipe were taken from ANSI/AWWA
Standard C906-99 [31]. The weight per unit length is derived from the manufacturer's
information. The IPS sizing system is usedbecause the actual IPS HDPE pipe OD corresponds to
the actual cast iron pipe and carbon steel OD for the same nominal pipe size. The backup rings
for the IPS flange adapters are designed to line up with 150-lb ANSI B16.5 steel flanges [31].

The temperatures and pressures were supplied by Duke Power via e-mail and teleconference.

Table E-1
Design Inputs

10-in. CS Pipe HDPE Pipe 1-in. Vent Line

Material A106, Gr-B PE 3408 HDPE SS

Nom. pipe size I 0-in. 12-in. I-in.

Schedule Standard DR- I I Schedule 40

O.D. (in.) 10.75 12.75 1.315

Wall thickness (in.) 0.365 1.16 0.133

Contents Water Water Water

Wt. of contents (lb/ft) 34.2 36.2 0.37

Wt. of pipe (lbs/ft) 40.5 18.41 1.68

Insulation I-in. Fiberglass -

Insulation weight (lbs/ft)"3  2.3

Design temperature (°F) 100 100 100

Maximum temperature (°F) 100 100 100

Design pressure (psig) 115 115 115

Operating pressure (psig) 115 115 115

Sc (psi) 17, 100 psi ( 17,100,21

Sh (psi) (at max. temp.) 17,100 psi (1) 17,100121

Notes:
'"Varies with temperature and load case. Properties listed in tables that follow.
'21Properties for CS used. SS section is very short and insignificant.
")Weight taken as 9 lb/ftA3 from Navco Catalog.
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The following properties E and a were taken from a previous version of ASME BPVC, and
allowable stresses for the carbon steel were taken from the ASME BPVC, Section II, Part D
(2004 Edition) [30].

Table E-2
A-1 06 Carbon Steel Properties - All Load Cases

Temp 38 80 89 100

a 5.99E-6 6.09E-6 6.12E-6 6.14E-6 in./°F

E 28 27.9 27.9 27.8 103 ksi

S,° 20,000 20,000 20,000 20,000 psi

S, 35,000 35,000 35,000 35,000 psi

AT -32 10 19 30 'F

The properties for the HDPE piping are taken from the proposed Code Case. The values for the
modulus E are found in Table 3031-3, for Poisson's ratio in Section 3042.1, for the allowable
long-term stresses in Table 3021-1, for the allowable short-term stresses in Table 3035-1, and for
the thermal expansion coefficient from Section 3.4 in the main report. It is noted that the HDPE
properties vary with the load case as the load duration varies from short-term to 50 years. A load
duration of 50 years is used for deadweight and thermal stress analyses and short-term duration
for OBE, SSE, and the equivalent thermal strain analysis.

Table E-3
HDPE Properties - 50-Year Load Duration, Load Cases 10, 21, 22, and 23

Temperature 38 70 89 100

a 90 E-6 90 E-6 90 E-6 90 E-6 in./°F

E 39 28 25 23 ksi

S 960 800 670 600 psi

v 0.45 0.45 0.45 0.45 in/in

AT -32 0 19 30 1 F
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Table E-4
HDPE Properties - Short-Term Load Duration, Load Cases 24, 31, and 32

Temperature 70 80

a 90 E-6 90 E-6 in./°F

E 115 107 ksi

S' 1200 1110 psi

v 0.35 0.35 in/in

AT 0 10 °F

... The short-term allowable stresses are taken from the draft proposed ASME Code Case N-755, Table 3035-3 [34].

E.2.2 Transition from Steel to HDPE Pipe

There is a transition from 10-in. steel pipe to 12-in HDPE pipe at the 42-in. header and from
HDPE back to carbon steel pipe before the pipe enters the diesel building. The carbon steel
piping is cut and a reducer is butt welded to the pipe to change the nominal diameter from 10
inches to 12 inches. Then a 12-in. 150-lb ANSI B 16.5 steel weld neck flange is installed. On the
HDPE side, a flange adapter is fused to the HDPE pipe. A special backup ring is slipped over the
HDPE flange adapter. This backup ring has the same bolt pattern as the 150 lb ANSI B 16.5 steel
flange.

The carbon steel components of this transition are modeled using the Laddish catalog standard
dimensions. The HDPE pipe is modeled based on the dimensions given in the manufacturer's
catalog (in this case Independent Pipe Products). The pipe properties were changed at the
transition to HDPE and again at the transition back to carbon steel.

E.2.3 Modeling of HDPE Elbows

The piping routing includes 45-degree, 90-degree, and 30-degree HDPE elbows. These elbows
are modeled as mitered bends. The 90-degree mitered bend has five segments, the 45-degree
mitered bend has three segments, and the 30-degree miter bend is modeled as two segments of a
45-degree mitered bend. The 45-degree and 30-degree mitered bends are assumed to consist of
two or three equal segments. The 90-degree mitered bend is modeled according to the
manufacturer's catalog specifications.

Figure E-2 shows how the miter bend angles for the 90-degree mitered bend are determined.
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Figure E-2
Five-Segment Mitered Elbow

This is consistent with the requirements of 3022.5 of the Code Case.

E.2.4 Special Stress Intensification Factors

The ADLPIPE program automatically calculates SIFs and stress indices based on the specified
2004 Code year for the piping components. The I 0-in. carbon steel piping has butt welded
fittings. At the flanged connections to the valves, an SIF of 2.0 is input. The analysis is based on
the 2004 Class 3 ASME Code. The HDPE elbows are segmented, mitered bends. The ADLPIPE
input calls out the 1998 version of the Code and this is the latest version available in ADLPIPE.
However, the 1998 and 2004 versions are essentially the same.

For the HDPE buried piping, the straight pipe and buttweld SIFs and B indices are i=1.0, B,=0.5,
and B, =1.0 (which are the ADLPIPE default values). For the miter bends, i=2.0, B, =0.69, and
B 2=1.64 were input. B, and B2 are taken from the Draft ASME Code Case Table 3654-1 and i is
taken from Table 3042.2-1 of the draft Code Case [34].

E.2.5 Soil Springs

The buried section of the piping is subject to loads from the earthquake, temperature, and
surrounding soil. These loads are calculated in accordance with Appendix B of this document
and the soil spring stiffnesses are used in the analysis. The spring stiffnesses are based on the
local coordinate system of the pipe in the axial, vertical, and transverse directions. The soil
springs are input at every 10 feet of the run pipe and every 2 feet in the influence area around the
elbows. This corresponds to approximately ]O*OD and 2*OD, respectively. In the ADLPIPE
program, the soil springs are modeled by first creating three short members in the orthogonal
directions to the pipe. The members are anchored at the endpoint and the appropriate stiffness is
applied to the member. The stiffnesses are calculated in the axial, transverse, and vertical
directions.

The soil spring stiffnesses are calculated in the MathCad files that follow.

E-7



Calculation of Soil Springs

The total spring stiffness is calculated as the pipe ovaling spring and the soil ovaling spring in series using
equation (I.1) from Appendix A.
First, the parameters for the calculation are established as follows:

lb
ksi -- 1000.

.2
in

HDPE Pipe Properties:

Do :=12.75. in

Di 10.293. in This is the average ID from Manufacturers literature

DR:= 11

E:= 43.7. ksi For 73 Degree F, 1000 hours:

Soil Properties:

From Table 5.4, for fine grained sands with soil compaction >95%:

E':= 2 • ksi

Soil Density:
The soil compaction at Catawba is about 96%.
From the Catawba UFSAR 2.5.4.2.4.2, assume:

lb
w := 105. -l Specific Weight of Soil

ft
3

105 lb

1728 . 3in

H := 72. in Height of Soil above Pipe

Per the UFSAR section, the predominant soil at the site is silty, fine to medium sand. All constants affected by
soil consistency will be based on fine sand, for an H/D o of 72"/12.75" = 5.65.

Soil Constants:

6 := 0.65

K0:=.75

Nqh := 20

Nqv:= 4.5

Nq :=65

NY =80

L:= 1.5

K:= 0.1

4:= 40°

Friction Angle factor for fine grained sand. Average of values given in Table I-I of
Appendix A

Coefficient of Soil Pressure at Rest, average of values given in Table I-1 of Appendix A.

Horizontal bearing capacity factor for sand (Figure 1-2(a) of Appendix A)

Vertical up bearing capacity for sand. Estimated from Figure 1-4 of Appendix A

Downward bearing capacity factor I for sand, Figure 1-3 of Appendix A.

Downward bearing capacity 2 for sand. Estimated from Figure 1-3 of Appendix A.

Deflection Lag Factor (recommentation in Section B.2.2, Appendix B)

Bedding Factor (recommentation in Section B.2.2, Appendix B)

Soil Friction Angle for fine grained sand
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Calculate horizontal and vertical ovaling loads (Equation B. la of Appendix B). Note the results are in lb/inA2.
When multipied by the effective length of the pipe, the result will be lb/in.

2 E R- 1 0 061. E

Kh := - -ii K D,

Kh = 2.496x 103 lb

.2
in

Kv Kh

Calculate soil reaction for sand according to Table 1-1, 1-2 of Appendix A:

Transverse spring:

ft:=Do. w. H Nqh ft =1.116x 3b

in

dt :=(H + - . .06 dt = 4.702in average in Table I-I of Appendix A

ft lb K it := f -
- = 237.241-i dtdt in 2

Axial Spring:

fa:= DojJ w -H~ (I + KO).- .488

da -0.15. in (average) f, 74.8281b

in

fa ~lb f
- = 498.855 Kia := -f

da . 2 da

Vertical Down Spring:

2 Ny, 31b
fd:=w'H-Nq'Do+ w. Do2 2 fd=4.021x 10312 in

dd:=.15-Do dd= 1.912in

fd -2.102x 103 lb

dd . 2
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Vertical Up Spring:

ftu:=Do w.H-Nqv f,=251.016"-
in

du:=.015. H du= 1.08in

fu lb
- = 232.422-du in 2

inc

The total vertical soil spring is conservatively taken as the average of the vertical up and down.

K iv . -
2 Kiv= 1.167x 103 lb

]

in

The final values of the soil springs applied in the computer analysis depend on the length of the piping sections
where they are applied. The procedure suggests lengths of 2D around the elbows and lengths of 1OD to 20D for
the remainder of the piping.
Per Appendix A, the soil springs and the ovaling springs act in series. The ovaling loads are only applied
transverse to the pipe, i.e. laterally and vertically.

LIl := 12- in Li2 := 24 in Li4 := 120- in L,5 := 72 in L,6 := 48. in

Spring rates in the lateral direction

Kh- Kit
Kh12 LIl

(Kh + Kit)

Kh"- Kit
Khl20 := (Kb + K)L4

(Kh•+ Kit)

Kh24 := - K it - 2
(Kh + Kit)

Kh - Kit
(Kh + Kit) Lj5

Kh" Kit
Kh48 Li6

(Kb + Kit)

Khl2 = 2 .6 x 103 ib
in

4 lb
Khl20 = 2.6x 10 7-

in

Kh24=5.2x 103 lb

in

Kh72 = 1.56x 104 lb

in

Kh48 = 1.04x 104 lb

in

0
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Spring rates in the vertical direction:

Kl =(Kv + Kiv)

Kvl2o: (K, + Kiv) 4

Kv72 (Kv+ Kiv)

(Kv + Kiv)

Kv48 := (Kv + Kiv 14

Kv12 = 9.545x 103 bi
in

Kv120 = 9.545X 104 lb

In

Kv72 = 5.727X

Kv24 = 1.909X

1O4 lb
in

1o4 lb

in

Kv4 8 = 3.818x e4 lb
in

Spring Rates in the axial direction:

Ka]2:=Kia* L41

Kal20:= Kia -L14

Ka72:=Kia L1,5

Ka4=Ki 1

Ka12 = 5.986x 103 lb
in

Kal20 = 5 .9 86 x 104 lb
in

K,72 = 3.592x le lb

in

Ka24 = 1.197x 10 lb
in

Determine influence length where soil springs 4re applied every 2D (2 ft):

4 4
D0 -Di4

64

4

I = 746.229in4

43.

13 = 0.794ft-1

LI 35.624in
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E.2.6 Seismic Anchor Motions:

The piping enters the Diesel Generator building. According to information provided by CNS, the
seismic displacement of the Diesel building is less than 0.003 in. or 1/256 in. This is considered
insignificant for this analysis and a seismic anchor motion analysis was not conducted.

E.2.7 Geometry Features

The geometry of the piping run is defined based on the existing structural and mechanical plant
drawings. The plan view of the buried piping is shown on Drawing CN- 1345-02, Rev. 22A and
the elevation section views are from CN-1345, Rev. 22A and CN-1245-03, Rev. 3. The 10-in.
existing piping is to be replaced by 12-in. HDPE piping. The new piping for the most part
follows the previous routing shown on the plan view of the Nuclear Service Water piping
system. The existing piping is subject to several elevation changes and enters the building at
about 24 feet below ground. The new piping is assumed to run about 6 feet below ground level
with no changes in elevation. Some modifications were required to the plan view routing to
accommodate the concrete access shafts to be built where the piping taps into the 42-in. header
and where it enters the Diesel buildings. Also, HDPE mitered elbows are available for 30-degree,
45-degree, 60-degree, and 90-degree turns. The routing of several piping segments was adjusted
so these standard elbows could be used.

The new piping enters the diesel building.6 feet below ground level or about 18 feet above the
existing piping. A large drop inside the building was necessary to tie into the existing piping. A
vertical trapeze type and a two-way horizontal pipe support were added on the new vertical
piping section. The existing piping is cut and the new piping is linked to it. The piping model is
then continued and a section of existing piping assumed to be possibly influenced by the
replacement piping is modeled. The location of the existing pipe supports is determined from the
plant isometric drawings. Several butterfly valves are located on the piping section inside the
Diesel building and their location is determined from the isometric drawings. The isometric
drawings are identified in each of the two sample analyses. The weights and lengths for the
valves are obtained from the valve drawings. The valve drawings are also listed in each of the
two sample analyses.

Sketches for the two piping runs are also included in the two sample analyses (Sections E.4
and E.5).

E.2.8 Seismic Response Spectra

Figure E-3 is the OBE 2% damping seismic response spectrum for the Diesel building provided
by CNS.
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Figure E-3
CNS Vertical OBE Response Spectra

The input spectra for the analysis are developed as follows:

OBE:

Frequency (1/sec) 0.25 3.50 9.0!

Acceleration (g) 0.031 0.324 0.283

33.33

0.080

100

0.080

SSE is 2.0*OBE

Frequency ( 1/sec)

Acceleration (g)

0.25

0.062

3.50

0.648

9.01

0.566

33.33

0.160

100

0.160

Accelerations in the horizontal directions are 1.5* vertical.
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The seismic analysis of the combined system was conducted using the following process:

(a) Multiple Input Response Spectra (MIRS) modal analysis was conducted for both the OBE
and SSE case. The previously listed spectra were input for the aboveground piping in the
Diesel Generator building and a null spectrum (a spectrum with zero spectral acceleration)
was input for the buried pipe. The independent support motion capabilities of ADLPIPE were
utilized to obtain the interaction between the aboveground and buried portion of the piping.
Intergroup combination and combination of the equivalent seismic (thermal) and response
spectrum (with null spectrum) is performed by SRSS.

(b) An equivalent AT was calculated for the buried pipe in accordance with Supplement 3 to the
Code Case. This AT was then applied to the buried piping section only. The actual detailed
determination of the AT was made in accordance with Appendix A, Section 3653.2 of this
document.

(c) The results from (a) and (b) were then summed by SRSS to obtain the total seismic response
of the combined system.

The DG building seismic anchor motions (SAMs) provided in Calculation CNC-1206.02-84-
0001 (0.003 in.) are negligible. The interaction effects between the buried and aboveground
piping are included in the seismic analysis method.

E.2.9 Load Cases

The following table lists the basic ADLPIPE load cases and conditions analyzed.

Table E-5
ADLPIPE Single Load Cases

Load DW+P Thermal Thermal Thermal Thermal Seismic Seismic

Type Expansion Expansion Expansion Expansion"' OBE121 SSE121

Load case 10 21 22 23 24 31 32

Note:

(1) This represents the equivalent thermal growth for seismic wave propagation strain. A ATwill be
determined by hand calculations based on this strain and used in the Load Case 24 thermal analysis.

(2) This is the response spectrum analysis (with a null spectrum for the buried pipe) to account for the
interaction between aboveground and buried piping.

The results of the basic load cases are then combined into the combination cases in Table E-6.

Table E-6
ADLPIPE Combined Load Cases

Single Load Cases Range (21, 22, and 23) SRSS (31 and 24) SRSS (32 and 24)

Combination load case 25 51 52
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E.2. lOAnalysis of the Aboveground Carbon Steel Piping

The piping analysis for the aboveground steel piping is based on the 2004 Edition of the ASME
BVBP [30]. The U.S. NRC has not accepted that edition of the Code due to issues with the Level
B (OBE) stress limits. These U.S. NRC issues were resolved by Code changes implemented by
BPVC Code item BC05-0448 due to be published in the 2006 Addenda to the 2004 Code. The
primary change is that Equation I1-A is deleted and Equations 9-a and 9-b from the Code must
be met instead. Those equations are numbered here as E-la and E-lb for consistency within this
report.

If DO/t>40, then

BIPDo M + M
max D+B 2  A < 1.SSh Eq. 1-aZt, Z

where M. includes reversing and nonreversing dynamic loads.

If D(/t<40 then

B1PmD° MA+M'8
B31 ma + 1B'2 MA + 1.8Sh Eq. 1-b

Zt,, z

M is reversing dynamic loads not required to be combined with nonreversing dynamic loads.

For the 10-in. Schedule-40 piping in this analysis, D,/t = 29. There are no nonreversing dynamic
loads so the second equation applies. The first equation is also checked at the highest stress point
for deadweight and OBE to demonstrate compliance acceptable to the U.S. NRC.

These combination cases are used to prepare stress summaries in accordance with
Equations 8-11 from Section 3, Division I-ND of the Code:
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Table E-7
Acceptance Criteria for Aboveground CS Pipe

Load Combination Allowable Stress for Allowable for A106
Carbon Steel Piping Gr. B (psi)

Equation 8 P + DW 1.5*Sh 25,650

Equation 9 P+DW+ Occasional 1.8* Sh 30,780

Equation 9a (new)"' P+DW+Occasional 1.8* S, 30,780

Equation 9b (new)"' 3  P+DW+OBE(2
1 1.8* S, 30,780

Equation 10 TH 1.0* SA 25,650

Equation II P+DW+TH S1 + SA 42,750

Equation I I a (2004 Code) 2*OBE 2*SA 51300

Level D-Mw DW 0.5S. 10,000

Level D-M, P+DW+SSE(21 3*S 60,000

(1) For D,/t<40.

(2) It is noted that the ADLPIPE program uses B, instead of B,'when it calculates the seismic moments. Bis
identical to B,' for the straight piping, but for pipe bends and butt welded elbows B, is (2/3)*B,. The highest
stresses for the two example analyses occur at butt welded elbows, and the stress summaries will be adjusted to
reflect the correct value of B,.

(3) The Equation 9-b stress is calculated as follows:

From the ADLPIPE stress summary from Equation 11 a obtain the maximum OBE stress. Divide by the
appropriate i to arrive at 2*OBE (Equation I l-a uses the range of the seismic moment). Divide by 2 to obtain
the OBE stress. Add OBE and DW (Equation 8 stress at the same location divided by B,). Multiply by 2/3*B,.
This is the Equation 9-b stress. (Note that this method is applicable only when B, = 0, which is the case for the
10-in. butt welded elbows where the highest stresses occurs in both sample analyses.)

E.2. 11 Analysis of Buried HDPE Piping

The buried HDPE piping is evaluated by hand calculations according to the proposed Code Case
N-755. The calculations in Section E3 depend only on design conditions and pipe size and are
applicable to both sample analyses. The calculations requiring the input of geometry specific
loads calculated by the computer analysis are contained in Sections E.4 for the Unit I analysis
and E.5 for the Unit 2 analysis. The hand calculations specify the design criteria for the HDPE
piping and are not repeated here.
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E.3 Hand Calculations

The hand calculations in this section are applicable to both analysis runs.

Hand Calculations Per Code Case:

Define Variables:

lb
S I00L := 600. -l Allowable stress at 1000 F

. 2
in

lb
S70L := 800 -l Allowable stress at 700 F

.2
in

lb
Epipe50y 28000. -0 Elastic Modulus at 700 F, 50 yr load duration

.2
in

lb
EpipelOh 58000 - Elastic Modulus at 700 F, 10 hr load duration

.2
in

lb
Ei 4.52000 - (Nlote: Fofpi is E')

in

ft
V5 =2000 - Shear Wave Velocity

SeC

lb
p 1=4.55- - Weight/ft of pipe and contents (36.2+ 18.41)/12=4.55 lb/ft

in

ct =1.0 Seismic Wave Curvature coefficient for Rayleigh

waves

lbP :=115- - P 5 := 480000. lb H := 6.ft
.2 IE= 3.142

in

lb
ysoil := 105 -- L:= 1.5 Kbed := 0.1

ft
3

D := 12.75. in Di:= 10.29. in Di is the average ID from manufacturers literature

t := 1.16. in DR:= 11 1at:= .00009. - vr := 0.5
R

PGA := 0.4. g PGA is taken from Sheet 70, "Nuclear Service Water Buried Pipe Seismi
Analysis", 19 Nov 81, for Group I Backfill 40% g.

Additional variables are defined where used
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Section 3021.1 - Minimum required wall thickness

D
tmin:= P (2. S L+ P) =.15in

Section 3031 - Ring Deflection

Calculate trench loads from Eq. 29 in Appendix A:

Pe := soil" H P, lbPe=4.375--
.2
in

Calculate transportation loads from Eq. 30 in Appendix A:

Above equation assumes a contact length of 36". Alternatively the loading, PL may be conservatively
calculated for a particular traffic load, Ps, by projecting the surface load at a 45 0 angle from the surface load
to an elevation at the centerline of the buried piping. The impact factor, F and reduction factor R described
above should also be applied to obtain the final pressure at the crown.

The effective area is based on two 2 1/2 ft wide tracks, centerline to centerline of tracks 6 ft, a 20 ft contact
length and 6 1/2 ft pipe centerline depth as shown on the following sketch:

r-------------------------

------------------I v- ------- ---

0a
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0
1.5

PL:=2 P 33ft 19-ft
lb

PL = 15.949-
.2
in

Fs := 1

Mathcad automatically converts units. Conversion factor of 144 not needed for the following equation.

Q!:=1.

f2 := 1.

(Kbed L. Pe)
2Epipe50y (1 1/

3 (DR1 + 0.061- Fs Esoil

(Kbed" PL)

3 + 0.061. Fs Esoil
3 D-

-sij = soil modulus for > 95% compacted, fine
grain soil =2000 psi

Fs = soil support factor from Table 3031-2.
Taken as 1.0 for Bd/D = 5.6. Bd is the trench
width assumed as 6 ft.

E21 = 3.3x 10 4 22 = 3.999x 10 4

f1 +2 = 7.299x 10.4 which is less than Qmax = 5% or .05.

Section 3032 - Sidewall comuression

Mathcad automatically converts units. Conversion factor of 144 not needed for the following equation.

(Pe + PL)"DR
2

lb
•sw - 111.782-b

. 2
in

This is less than the allowable of 1000 psi.

Section 3033.1 - Buckling due to external pressure

Mathcad automatically converts units. Conversion factor of 144 not needed.

(Pe + PL + Pgw ) • 2.8. [RP " Bb " Es Epipe50 1( 3 2

[ 12. (DR - 1~

S
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lb
Pw:= 0 - Hw:= 0 - fl

. 2
in

Rp := I - 0.33. Hgw
H

Redefine H in feet to use code case equation correctly:

Bb + 4 exp(-0.065- Hu)

Hul := 6

(Pe + PL + Pgw) = 2.927x 10 3lbft-2
lb

(P, + PL + Pgw) = 20.324-
.2
in

2 Epipe50y 12 lb
2.8 - IRp -B- -Es0 i- - = 99.329-

12. (DR- 1)3 in

Section 3033.2 - Effects of negative pressure

OK

AP - fo 2. Epipel0 .(IV

2 ( 1 2) DR -lI

v := .35
fo:=.64

fo 2 Epipel0h

2 v ~2)

use short-term value)

assuming 5% deflection

-(D R 1 3
lb

= 42.302-
. 2
in

AP may not exceed 42 psi.

Section 3034 - Flotation

D
Ww < Wp + PC2 -

12

lb T-i(12.75. in)2 in
Ww := 62.1 . .. 12- -

ft3 4 ft

lb
Ww = 55.326-

ft
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v lb
Wp:= 18.41. -b

ft

D lb
Wp + Pe - = 74.191- 55 psi <74 psi OK

12 ft

Calculation of Ring Bending Strain Limits per the suggested Code Case in Appendix A. Section
3681.7:

Per Eq. 44, Apppendix A:

6.4. t. AX khi Sh

Dmn
2  E

Dm:= D- 1.06- t Din= 11.52in

AX:= (I + Q 2) Di AX=7.51x 10 3in

For long term load duration and 70 Degree F:

khi:= 1.0

lb
S70L := 800 -l

.2
in

S Epipc5Oy = 2.8x 104 lb
.2
In

6.4- t - AX =4.201x 10-4 khi " S70L- 0.029 OK

Dni 2  Epipe50y

Calculation of equivalent thermal strain for the seismic wave effects per the suggested Code Case
in Appendix A, Section 3653.2:

From Eq. 6, Appendix A:

PGA -
PGV:= 48- in - PG PGV= 1.6ftsec 1

sec g

0
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Calculate the bending curvature from Eq. 8, Appendix A:

VR := 0.9553. V, use r = 0.5 (Bedrock Poisson's ratio)

VR = 1910.6- cr:=VR
sec

PGA
k P Gk = 1 for Rayleigh waves

(cak Cr) 2

k = 3.526x O-6 ft-I

Calculate axial strain at pipe top and bottom due to pipe curvature:

&c := k - Ec= 1.873x 10-6
2

Determine normal pressure between soil and pipe per Eq. 12, Appendix A:

Ko = 1.0

6n :- soil H - ++K 5n = 4.489-l

- 2in

Determine axial strain transmitted through shear between soil and pipe per Eq. 14, Appendix A:

es is minimum of Fill 4 WAY PGV

-4Est -A.) (w -crj

Predominant frequency:

f:=( I PGA oXw :=1 for Rayleigh waves PGV= 1.6ftsec-
2 r PGV

f= 1.28sec- 1

Only need to calculate PGV 8.374x 10-4 to be conservative.
Xw-cr)
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Es.:= PGV Is = 8.374x 10-4
\Cr)

Ea(max) ma~cs, Fc)

&a(may) = 8.374x 104

The allowable seismic strain for DR-Il pipe is 0.025*k in/in from Table A-I. OK.

Calculate differential temperature:

E~a(max)
AT := .- AT = 9.305R Use AT = 10 Degree F for analysis

Ot
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E.4 Sample Problem No.1

E.4.1 Background Sample Problem No. 1

The Unit I run starts at PT = 2000 at the tie-in to the 42-in. supply header A. It enters the Diesel
Generator building and ends at the jacket water cooler IA. The pipe is assumed anchored at both
ends. The HDPE piping section extends from PT = 2050 to PT = 2380. The geometry and the
locations of the valves and supports for the aboveground section of the piping inside the Diesel
building were obtained from isometric drawings CN-1493-RN.00-042, Rev. 4a and CN-1493-
RN043, Rev. 1.

E.4.2 Valves

The valves in Table E-8 are located on the Unit I supply line. The weights and dimension are
taken from the CNS valve drawings.

Table E-8
Unit 1 Valve List

Node Number at Valve DrawingsValve Number Type Weight Center

Proposed Ball 6 5120 Used CNM 1205.28-0015 001

IRNP04 Butterfly 384 5015 CNM 1205.02-0836-001

1RNP02 Butterfly 384 2525 CNM 1205.02-0836-001

IRNP05 Butterfly 384 5042 CNM 1205.02-0836-001

1 RN292P Butterfly 391 2552 CNM 1205.02-0657-001

E.4.3 Stress Summary for the Aboveground Carbon Steel Piping

The modal mass participation factors are 0.899 and 0.962 for the horizontal and 0.77 for the
vertical direction, which is sufficient for the purposes of this calculation.

Table E-9 summarizes the peak stresses in the aboveground carbon steel piping run.

0
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Table E-9
Stress Summary for Unit 1 Aboveground CS Pipe

Acceptance Calculated Allowable Stress Calculated vs.
Allowable Stress Node PointCriteria Stress (psi) (psi) Ratio

Equation 8 9525 25,650 0.37 2440

Equation 9 9525 30,780 0.31 2440

Equation 9a (new) 9525 30,780 0.31 2440

Equation 9b (new) 14,533"2 30,780 0.47 2455

Equation 10 10,326' 25,650 0.40 2010
897 2 0.03 2540

Equation I la 20,209 51,300 0.39 2455

Level D-MwI 9525 10,000 0.95 2440

Level D-ME 35,661 *(2/3) = 60,000 0.39 2455
23,774

(1) The highest thermal stress actually occurs on the buried section of the CS piping at PT 2010 near the 42-in.
header. The highest stress point on the aboveground piping occurs at PT = 2540.

(2) The method described in Note (3) to Table E-7 (Section E.2.10) is used to calculate this stress. B, = 3.763 and
i = 2.605 at PT = 2455, therefore Equation E-2.

20209 72031S+ *3.763 14533psi Eq. E-2
(2.605)(2) 3.763

E.4.4 Peak Stresses in the HDPE Piping Section

E.4.4.1 Level A Loads

Table E-1O
HDPE Maximum Deadweight Loads
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Table E-11
HDPE Maximum Thermal Loads

Load Case Straight Pipe Elbow

Node No. Node No.

21 F (lb) 701 2050 Fo (lb) 1164 2095

M (ft.lb) 162 2050 M (ft.lb) 416 2095

23 F,, (Ib) 504 2050 F,, (lb) 646 2095

M (ft.lb) 74 2050 M (ft.lb) 221 2095

Total Range Fý (lb) 1205 2050 F, (lb) 1810 2095

M (ft.lb) 236 2050 M (ft.lb) 637 2095

Note: The loads from Case 21 (38°F) and Case 23 (100°F) were added absolutely to determine the range. This is
conservative as maximum contraction will occur at the low temperature and maximum expansion at the high
temperature.

E.4.4.2 Level B Loads

Table E-12
HDPE Maximum OBE Loads

Load Case Straight Pipe Elbow

Node No. Node No.

24" F, (lb) 233 2377 F (lb) 484 2095

M (ft.lb) 8 2377 M (ft.lb) 195 2095

31 F,, (Ib) 241 2377 F, (Ib) 3 2095

M ([t.lb) 2333 2377 M (ft.lb) 12 2095

Total OBE F, (Ib) 335 2377 F, (lb) 484 2095

M (ft.lb) 2333 2377 M (ft.lb) . 195 2095

Load case 24 loads are based on the SSE ground response spectrum. OBE loads were obtained by dividing the
SSE loads by 2.
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E.4.4.3 Level D Loads

Table E-13
HDPE Maximum SSE Loads

Load Case Straight Pipe Elbow

Node No. Node No.

24 F (lb) 466 2377 Fj (lb) 967 2095

M (ft.lb) 15 2377 M (ft.lb) 390 2095

32 F. (Ib) 1223 2377 F (lb) 3 2095

M (ft.lb) 4601 2377 M (ft.lb) 13 2095

Total SSE F, (lb) 1309 N/A Fý (lb) 967 N/A

i (ft.lb) 4601 N/A M (ft.lb) 390 N/A
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E.4.5 Hand Calculation to Determine HDPE Piping Stresses

Sample Problem #1 -Unit 1

Hand Calculations Per Code Case for Stress Equations per 3035.1. 3042.2 and 3051

Define Variables:

lb
P:= 115. -b D:= 12.75- in Di:= 10.29. in

.2
In

4 4

Z -:= Z =117.156in t :=1.16. in
32) D

TC 2_ D2) 2 n=3.142
A :=- - (D- D2 A =44.515in2

4

For the elbow:

Die:= 9.75- in te := 1.42- in

= D4 4
D2 DieZe := "• D Ze = 133"9in3

Ae := (D2 - Die2) Ae= 53.014in 2

4

B1 := 0.5 B2 =1.0

Ble:= 0. 6 9  B2e:= 1.64

Note: IDs used are the average values from Manufacturers literature.

Additional variables are defined where used
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The maximum loads generated by the ADLPIPE analysis (as listed in the preceding tables) are used to qualify
the HDPE piping based on the applicable criteria for the design load cases.

3035.1 - Longitudinal Stress Design

Straight Piping Section:

IP -D Fa M
BI - + 2 2BI - + B2 - < k S

2 tA Z

lb
S := 800. -b

.2
in

Fa := 922. lb M := 506- lb • ft k := 1.0 for Level A

P D Fa M lbB1 - + 2. B1 . - + B2 - = 388.542-
2,t A Z .2

in

Mitered Elbow:

P D Fae Me

Ble - + 2 Ble - + B2e - -< k S2 te Ac Ze

lb
k S = 800-

. 2
in

OK

Fae:- 30 lb Me:= 15. lb. ft

P-D Fae Me lb
Ble. + 2. Ble, -- + B2 e -- = 359.222-

2 te Ae Ze . 2

3042 - Design for Thermal Expansion and Contraction
Soil springs were applied to account for the soil stiffness.

Therefore the alternative method of 3042.2 is used:

Straight Piping Section:

OK

M+ Fac lbi. + -< 100to. --
Z A .2

in

Mc:= 236. ft. lb F

i:= 1.0

ac:= 1205- lb
Mc

i- +

z

Fac

A

lb
51.242-

. 2
in
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Mitered Elbow:

Mce Face lb
ie. + < 1100.- ie:= 2 .0 Me,:=637. ft lb Face:= 1810- lb

Ze Ae in 2

Mce Face lb
le' -+ - = 148.316-

Ze Ae . 2in

3050 - Seismic Design

From 3051 - Seismic Induced Stresses:

ME FaE lb
i. + - < 1100. -

Z A .2
in

This is applicable for both SSE and OBE seismic loads.

Straight Piping Section:

ME:= 4 601- ft- lb FaE:= 1309- lb i:= 1.0

ME FaE lb OK
- + - = 500.674-

Z A .2
in

Mitered Elbow:

MEe FaEe lb
ie + -+ 1100-• - MEe:=390 ft lb FaEe:= 96 7 lb ie= 2

Ze Ae in 2

MEe FaEe lb
le• + -= 88.143-

Ze A, . 2In
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0 E.4.6 Sketches - Unit 1

Figures E-4 through E-8 show the complete system analyzed.

7"

NYB
x z

Figure E-4
Isometric System Overview-Model BuryUlAS.adi
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Figure E-5
Isometric Detail A-Model BuryUIAS.adi
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Unit 1 Supply Line A Branch Point at 42" Header

El. 593.5 It Grade
Proposed Vent Valve

X
Steel

HDPE

El. 587I
Proposed HDPE Pipe Elevation

El. 5855 I
Present Pipe Elevation

El. 580.25 It
42" Pipe Elevation

Cut into existing pipe here.
Replace CS elbow and riser.

Figure E-7
Unit 1 Branch at 42-in. Header

Supply Line A Unit t Diesel Building Entry

-1 -l 591 n Gnt-

P.-opsed HOPE P-c Ele1lvn

Pipe drops to Eleation
566'-6'

Figure E-8
Unit 1 Diesel Building Wall Penetration
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E.5 Sample Problem No. 2

E.5.1 Background Sample Problem No .2

The Unit 2 run starts at PT = 3000 at the tie-in to the 42-in. supply header A. It enters the north
Diesel Generator building and ends at the jacket water cooler 2A. The pipe is assumed anchored
at both ends. The HDPE piping section extends from PT = 3035 to PT = 3220. The geometry and
the locations of the valves and supports for the aboveground section of the piping inside the
Diesel building were obtained from isometric drawings CN-2493-RN.00-039, Rev. 9a and CN-
2493-RN040, Rev. 7a.

E.5.2 Valves

Table E-14 shows the valves that are located on the Unit 2 supply line. The weights and
dimension are taken from the CNS valve drawings.

Table E-14
Unit 2 Valve List

Valve Number Type Weight Node Number Valve Drawing
at Center

Proposed Ball 6 4080 Used CNM 1205.28-0015 001

2RNP06 Butterfly 384 4015 CNM 1205.02-0836-001

2RN232A Butterfly 391 3377 CNM 1205.02-0657

2RNP03 Butterfly 252 3330 CNM 1205.02-0747-001

2RNP07 Butterfly 384 4037 CNM 1205.02-0836-001

E.5.3 Peak Stresses in the Aboveground Carbon Steel Piping

The following table summarizes.the peak stresses in the aboveground carbon steel piping run.
The modal mass participation factors are .981 and .932 for the horizontal and .799 for the
vertical, which is sufficient for the purposes of this calculation.
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Table E-15
Stress Summary for Unit 2 Aboveground CS Pipe

Calculated Allowable Calculated vs.
Allowable Stress Node Point

Stress (psi) Stress (psi) Ratio

Equation 8 5967 25,650 .23 3272

Equation 9 5967 30,780 .19 3272

Equation 9-a (new) 5967 30,780 .19 3272

Equation 9-b (new) 10,924") 30,780 .35 3290

Equation 10 5252 25,650 .20 3355

Equation I Ia (2004 Code) 19,773 51,300 .39 3290

Level D-Mw 5967 10,000 .60 3272

Level D-M, 29,180*(2/3) = 60,000 .32 3290
19453

The method described in Note (3) to Table E-7 is used to calculate this stress. B, 3.763 and i = 2.605 at
PT=3290, therefore Equation E-3.

F19773 215(2
19773 + 2105 33.763* =10924psi Eq. = E-3

(2.605)(2) 3.7633

E.5.4 Peak Stresses in the HDPE Piping Section

E.5.4.1 Level A

Table E-16
HDPE Maximum Deadweight Loads

Load Case Straight Pipe Elbow

Node No. Node No.

10 F, (Ib) 135 3220 F, (Ib) 135 3210

M (ft.lb) 561 3220 M (ft.lb) 328 3210
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Table E-17
HDPE Maximum Thermal Loads

Load Case Straight Pipe Elbow

Node No. Node No.

21 F (lb) 1245 3150 Fo (lb) 850 3140

M (ft.lb) 116 3150 M (ft.lb) 414 3140

23 Fo (lb) 727 3150 F (lb) 473 3140

M (ft.lb) 78 3150 M (ft.lb) 217 3140

Total Range Fo (Ib) 1972 3150 F, (lb) 1323 3140

M (ft.lb) 194 3150 M (ft.lb) 631 3140

Note: The loads from Case 21 (38°F) and Case 23 (100°F) were added absolutely to determine the range. This is
conservative as maximum contraction will occur at the low temperature and maximum expansion at the high
temperature.

E.5.4.2 Level B Loads

Table E-18
HDPE Maximum OBE Loads

Load Case Straight Pipe Elbow

Node No. Node No.

24" F, (lb) II 3220 F (lb) 12 3205

M (ft.lb) 27 3220 M (ft.lb) 17 3205

31 F (Ib) .981 3220 F (lb) 1056 3205

M (ft.Ib) 1443 3220 M (ft.lb) 1264 3205

Total OBE F, (lb) 981 3220 F, (lb) 1056 3205

M (ft.Ib) 1443 3220 M ([t1.b) 1264 3205

... Load case 24 loads are based on the SSE ground response spectrum. OBE loads were obtained by dividing the
SSE loads by 2.

0
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E.5.4.3 Level D Loads

Table E-19
HDPE Maximum SSE Loads

Load Case Straight Pipe Elbow

Node No. Node No.

24 F (lb) 22 3220 Fo (lb) 1404 3210

M (ft.1b) 53 3220 M (ft.lb) 0 3210

32 F. (lb) 1953 3220 F (lb) 2095 3210

M (ft.lb) 2874 3220 M (ft.lb) 2543 3210

Total SSE F (Ib) 1953 3220 F, (lb) 2522 3210

M (ft.1b) 2874 3220 M (ft.lb) 2543 3210
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E.5.5 Hand Calculation to Determine HDPE Piping Stresses

Hand Calculations Per Code Case for Stress Equations per 3035.1. 3042.2 and 3051:

Define Variables:

lb
P := 115. - D:= 12.75- in Di := 10.29- in

. 2
In

4 4D _ Di43

Z:=D Z = 117.156in t:= 1.16. in32 D

A :=-. (D2 - Di2 A =44.515in 2  3.142
4

For the elbow:

Die := 9 .7 5 - in te:= 1.42. in

4 4

D Die4 Ze= 133.9in3

Ae := . (D2 - Die2) Ae= 53.014in 2

4

B1 := 0.5 B2 := 1.0

Ble:= 0. 69  B2e:= 1.64

Note: IDs used are the average values from manufacturers literature.

Additional variables are defined where used
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The maximum loads generated by the ADLPIPE analysis (as listed in the preceding tables) are used to qualify
the HDPE piping based on the applicable criteria for the design load cases.

3035.1 - Longitudinal Stress Design

Straight Piping Section:

P.D Fa M
B1 - + 2.B1 • + B2-- <k-S

2.t A Z

lb
S := 800• -

.2
in

Fa := 135- lb M := 561 • lb • ft k := 1.0 for Level A

P.D Fa M lb
BI.- + 2-B-- + B 2•- =376.497-

2.t A Z .2
in

Mitered Elbow:

P D Fae Me
Ble--- + 2.Ble.- + B2e,•- <k-S

2 te Ac Ze

lb
k S = 800-

.2in
OK

Fae:= 135. lb Me := 328. lb • ft

P D Fae Me lb
BIe- - + 2 Ble. - + B2e, -- = 407.9 59 -

2B te Ac Ze . 2
in

3042 - Design for Thermal Expansion and Contraction

Soil springs were applied to account for the soil stiffness.
Therefore the alternative method of 3042.2 is used:

Straight Piping Section:

OK

Mc Fac lb
+ < 1100. -

Z A .2
in

i:= 1.0

Mc:= 194. ft - lb

Mc Fac
i- + -=6

Z A

Fac:= 1972. lb

lb
4.17-

. 2
in

0
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Mitered Elbow:

* Mce Face lb
le' + - < 1100-

Ze Ae . 2in
ie :=2 .0 Me,:= 6 3 1-ft -lb Face := 1323. lb

* Mce Face lb
le. -+ - = 138.055-

Ze A., in2

3050 - Seismic Design

From 3051 - Seismic Induced Stresses:

ME FaE
- + -

Z A

lb
1100.--

. 2
in

This is applicable for both SSE and OBE seismic loads.

Straight Piping Section:

ME := 2874- ft - lb FaE := 1953. lb i:= 1.0

ME FaE lbE + a = 338.249-
Z A . 2

in

Mitered Elbow:

MEe FaEe lb
ie - + - < I 100-

Ze Ae in 2

OK

ME,:= 2543. ft • lb FaEe := 2522. lb i= 2

MEe FaEe

Ze Ae

lb
-503.374-l

. 2
in
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E.5.6 Sketches - Unit 2

Figures E-9 through E-13 show the complete system analyzed.
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Figure E-9
Isometric System Overview-Model BuryU2AS.adi
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Figure E-10
Isometric Detail A-Model BuryU2AS.adi
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Unit 2 Supply Line A Branch Point at 42" Header

Chang.-ver- a HDPE
Pipe

El. 593.5 ft Grade

El. 587 ft
Proposed HDPE Pipe Elevation

El. 584.5 ft
Present Pipe Elevation

El. 581.5 ft
42" Pipe Elevation

Cut existing pipe
here

'Figure E-12
Unit 2 Branch at 42-in. Header

Supply Line A Unit 2 Diesel Building Entry

4

iesel uididg Wall
--- I El. 593.5 f Ground

i Pipe drops to Elevation
564'-9"

12'oava .C I ev-

aOH~

Q0---
El. 587 ft
Proposed HDPE Pipe Elevation

4:

Figure E-13
Unit 2 Diesel Building Wall Penetration0
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F
COMPUTER FILES FOR EXAMPLE PROBLEMS
Appendix F contains the input and output files for the two example problems described in
Appendix E. The files are provided in electronic format.

The following files are included on CD:

Sample Analysis 1 (Unit 1):

Input file: BuryUlASin.adi

Output file: BuryUlASout.adi

Sample Analysis 2 (Unit 2):

Input file: BuryU2ASin.adi

Output file: BuryU2ASout.adi

0
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