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1.0 PURPOSE

This calculation documents the evaluation of four, new, double-containment fiberglass reinforced plastic (FRP) 
pipelines in support of the Liquid Effluent Retention Facility (LERF) Basin 41 Design project. This calculation 
evaluates the adequacy of these lines relative to deadweight, seismic, wind, and other design loads as specified 
in TFC-ENG-STD-06, and the American Society of Mechanical Engineers (ASME1) B31.3 Process Piping 
Code.  The International Organization for Standardization’s (ISO) code for glass-reinforced plastics (GRP) 
piping, ISO 14692, is utilized as a supplemental verification of system flexibility as well as a means to 
determine support and anchor loads.

2.0 METHODOLOGY

The majority of the pipe is buried in long, straight runs, with relatively short sections of above-ground piping 
found at the LERF catch basins, where connections are made to new and existing piping.  Two of the new lines 
branch off of existing buried piping (a 3"x6" evaporator condensate line [3" EVAP COND-PC5000-M17] and a
4"x8" waste treatment plant line [4"-WTP-001-M17]) and run to the new, above-ground stainless steel piping at 
the catch basin of the new LERF Basin 41.  The other two new lines run between the new, above-ground 
stainless steel piping at the new LERF Basin 41 and the existing FRP piping at the catch basin of the existing 
LERF Basin 42.  These new lines are depicted in design drawing H-2-838765.

In this section, a description is given of how and why the provisions of Chapter VII of the ASME B31.3 Code,
which pertains to non-metallic piping, are utilized in this calculation.  Section 2.2 of this calculation (see below) 
contains a description of why this different approach to piping analysis was chosen instead of a more typical 
approach for ASME B31.3 stress analysis as has been done for metallic piping systems.  Section A319.4.1
within the “Flexibility & Support” section of B31.3’s Chapter VII states, “No formal analysis is required for a 
piping system that … (c) is laid out with a conservative margin of inherent flexibility, or employs joining 
methods or expansion joint devices, or a combination of these methods, in accordance with manufacturers’ 
instructions.” Following guidance from FRP manufacturer Conley Composites, the general arrangement of the 
piping system found in design drawing H-2-838765 was developed, including (but not limited to) the use of 
expansion joints near changes in pipe material (i.e., to stainless steel piping), regularly-spaced guides between 
the primary and secondary piping of double containment pipes, anchor-type pipe supports near changes in 
direction, interlocking unions for long runs of double containment pipes, and deadweight supports at valve 
locations.  Therefore, the B31.3 requirement from Section A319.4.1 is judged to have been met.

The minimum wall thickness check for internal pressure per ASME B31.3, Section A304.1.2(c) is performed in 
Section 8.5 of this calculation.  The service design factor spoken of in section A304.1.2(c) and used in the 
thickness check was conservatively chosen as described in the Design Inputs.  The design stress in the wall 
thickness check (Equation 26c of Chapter VII of B31.3) is the HDB stress value that is addressed in a Section 
2.2. Results for this check are summarized in the Results section.

Conley Composites provided pipe external loading calculations following the AWWA M45, Fiberglass Pipe 
Design manual.  These were done for the secondary containment pipes (6-inch and 8-inch) at burial depths of 2 

1 ASME is the registered trademark of the American Society of Mechanical Engineers, New York, NY.

RPP-CALC-63780 Rev.00 5/27/2020 - 2:14 PM 8 of 185



RPP-CALC-63780, Rev. 0

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-001 Rev. 0 Page No. 6 of 192
Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

feet and 12 feet.  There are no wheel loads applied in the calculations since there are no crane or other vehicle 
crossings near where the new analyzed pipes will be installed. The Conley calculations satisfy the B31.3 
external loading requirement in Section A302.3.3(c)(2).

To provide a supplemental means of verifying the inherent flexibility of the subject transfer piping, it is
modeled as shown on the design drawing H-2-838765 using the Bentley AutoPIPE™2 piping analysis software.  
(See Section 5.0 for relevant computer and analytical software information and Appendix B for model isometric 
images.) This supplemental analysis evaluates this piping that is designed and fabricated with materials in
accordance with the ASTM standards listed in ASME Code B31.3-2016 (which is the code of record per RPP-
SPEC-63632—see Design Input 2) using the ISO 14692-2002 code for Petroleum and Natural Gas Industries –
Glass-Reinforced Plastics (GRP) Piping to analyze it in AutoPIPE. Although the pipe stresses are analyzed 
using the ISO code, the ASME B31.3 design conditions are addressed in the next section. 

2.1 Summary Tabulation of ASME B31.3 Code Design Conditions 

Table 2-1 below, presents a summary discussion of ASME B31.3 design conditions.

Table 2-1. Summary of Design Conditions.  (5 sheets)
ASME B31.3, 
Section 301 Design 
Condition Summary of Requirement

Description of Application of 
Requirement in Analysis

301.2 Design Pressure
301.2.1 General The design pressure of each component in a piping system 

shall be not less than the pressure at the most severe 
condition of coincident internal or external pressure and 
temperature (minimum or maximum) expected during 
service ...

The selection of components has 
considered design pressure as 
appropriate.  The system design 
conditions are addressed in the AutoPIPE 
supplemental analysis.

301.2.2 Required 
Pressure 
Containment or 
Relief

Provision shall be made to safely contain or relieve … any 
pressure to which the piping may be subjected. Piping not 
protected by a pressure-relieving device, or that can be 
isolated from a pressure-relieving device, shall be designed 
for at least the highest expected pressure.

The deadhead pressure of new Basin 41 
pump is ~100 psig (RPP-CALC-63650
Att. 2), which will not challenge 150 psig 
design pressure of new piping.  Given 
100 psig max. op. pressure of existing 
piping, new piping design pressures will 
likewise not be challenged.

2 Bentley AutoPIPE is a registered trademark of Bentley Systems, Exton, PA.
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Table 2-1. Summary of Design Conditions.  (5 sheets)
ASME B31.3, 
Section 301 Design 
Condition Summary of Requirement

Description of Application of 
Requirement in Analysis

301.3 Design Temperature
301.3.1 Design 
Minimum 
Temperature

The design minimum temperature is the lowest component 
temperature expected in service. This temperature may 
establish special design requirements and material 
qualification requirements. See also paras. 301.4.4 and 
323.2.2.

The minimum design ambient 
temperature is -25º F for FRP pipes 
above grade and exposed to the 
atmosphere.  However, the minimum 
temperatures used in the AutoPIPE 
supplemental analysis for the buried 
portions of piping is 32º F (see Design 
Inputs) for cold contents (boundingly 
low) or empty lines.  These are 
appropriately addressed in the AutoPIPE 
supplemental analysis and do not 
mandate special design requirements or 
material qualifications for this system.

301.3.2 Uninsulated 
Components

Describe any special, justified allowances for considering 
piping and component temperatures to be other than that of 
the fluid design temperatures. (Content summarized.)

Carrier piping temperature is taken to be 
equal to that of the contents including the 
case when the system is off and the 
piping and contents cool down to the 
ambient cold temperatures. (See Design 
Inputs) (See row above regarding 32 F
piping.) All above ground piping is 
insulated.

301.3.3 Externally 
Insulated Piping

The component design temperature shall be the fluid 
temperature unless calculations, tests, or service experience 
based on measurements support the use of another 
temperature. Where piping is heated or cooled by tracing or 
jacketing, this effect shall be considered in establishing 
component design temperatures.

Addressed in the AutoPIPE model 
supplemental analysis.

301.3.4 Internally 
Insulated Piping

The component design temperature shall be based on heat 
transfer calculations or tests.

N/A – The assembly is not internally 
insulated.

301.4 Ambient Effects
301.4.1 Cooling –
Effects on Pressure

The cooling of a gas or vapor in a piping system may reduce 
the pressure sufficiently to create an internal vacuum. In such 
a case, the piping shall be capable of withstanding the 
external pressure at the lower temperature, or provision shall 
be made to break the vacuum.

N/A:  These systems are designed to 
transfer and distribute liquid (~water) at 
temperatures that preclude significant 
vapor content. Also, the piping is free 
draining into the LERF basins because 
valves are not expected to be closed 
during operation. Due to this free-
draining nature, when not operating, fluid 
is not expected to be trapped between 
valves in the system.

RPP-CALC-63780 Rev.00 5/27/2020 - 2:14 PM 10 of 185



RPP-CALC-63780, Rev. 0

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-001 Rev. 0 Page No. 8 of 192
Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

Table 2-1. Summary of Design Conditions.  (5 sheets)
ASME B31.3, 
Section 301 Design 
Condition Summary of Requirement

Description of Application of 
Requirement in Analysis

301.4.2 Fluid 
Expansion Effects

Provision shall be made in the design either to withstand or 
to relieve increased pressure caused by the heating of static 
fluid in a piping component. …

N/A: The piping is free draining into the 
LERF basins because valves are not 
expected to be closed during 
operation. Due to this free-draining 
nature, when not operating, fluid is not 
expected to be trapped between valves in 
the system.

301.4.3 Atmospheric 
Icing

Where the design minimum temperature of a piping system 
is below 0 °C (32 °F), the possibility of moisture 
condensation and buildup of ice shall be considered and 
provisions made in the design to avoid resultant 
malfunctions. …

N/A - Valves on above-ground piping are 
insulated and heat-traced, so build-up of 
ice and resultant malfunctioning of valves 
is precluded.

301.4.4 Low 
Ambient 
Temperature

Consideration shall be given to low ambient temperature 
conditions for displacement stress analysis.

Consideration for low ambient 
temperature conditions is addressed in 
this evaluation.

301.5 Dynamic Effects
301.5.1 Impact Impact forces caused by external or internal conditions 

(including changes in flow rate, hydraulic shock, liquid or 
solid slugging, flashing, and geysering) shall be taken into 
account in the design of piping.

The LERF piping is located in a remote 
location and is not expected to experience 
any external impact conditions. Changes 
in flow rates, liquid slugging, etc. may be 
encountered, and are discussed in the 
Methodology section and addressed in the 
AutoPIPE model as judged to be 
appropriate. Geysering is not an issue 
since maximum system operating 
temperature (150 ºF, see Design Inputs)
will not cause boiling. Flashing is not an 
issue since the system pressures and 
temperatures will not cause vaporization 
of the fluid. Fluid transient loads are also 
discussed in the Methodology section.

301.5.2 Wind The effect of wind loading shall be taken into account in the 
design of exposed piping. …

Addressed in the AutoPIPE model 
supplemental analysis.

301.5.3 Earthquake The effect of earthquake loading shall be taken into account 
in the design of piping.  The analysis considerations and 
loads may be as described in ASCE 7.  …

Earthquake loading is addressed in the 
AutoPIPE model supplemental analysis.

301.5.4 Vibration Piping shall be designed, arranged, and supported so as to 
eliminate excessive and harmful effects of vibration that may 
arise from such sources as impact, pressure pulsation, 
turbulent flow vortices, resonance in compressors, and wind.

N/A – There are no significant sources of 
vibration for the subject buried piping
and above-ground piping.

301.5.5 Discharge 
Reactions

Piping shall be designed, arranged, and supported so as to 
withstand reaction forces due to let-down or discharge of 
fluids.

Applicable pressure and fluid loadings 
are addressed in the subsections below in 
the Methodology section.  
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Table 2-1. Summary of Design Conditions.  (5 sheets)
ASME B31.3, 
Section 301 Design 
Condition Summary of Requirement

Description of Application of 
Requirement in Analysis

301.6 Weight Effects
301.6.1 Live Loads These loads include the weight of the medium transported or 

the medium used for test. Snow and ice loads due to both 
environmental and operating conditions shall be considered.

Fluid weight, fluid thrust loads at bends, 
and snow and ice loads are considered for 
this piping. Fluid thrust loads are 
addressed in the Methodology section.
Due to the relatively small diameter of 
the insulated piping and the low sustained 
load DCRs, the potential snow and ice 
loads on the above-ground portions of the 
piping are considered insignificant and 
are not included in the supplemental 
analysis.

301.6.2 Dead Loads These loads consist of the weight of piping components, 
insulation, and other superimposed permanent loads 
supported by the piping.

Addressed in the AutoPIPE model 
supplemental analysis.

301.7 Thermal Expansion and Contraction Effects
301.7.1 Thermal 
Loads Due to 
Restraints

These loads consist of thrusts and moments that arise when 
free thermal expansion and contraction of the piping are 
prevented by restraints or anchors.

Addressed in the AutoPIPE model 
supplemental analysis.

301.7.2 Loads Due to 
Temperature 
Gradients

These loads arise from stresses in pipe walls resulting from 
large rapid temperature changes or from unequal temperature 
distribution as may result from a high heat flux through a 
comparatively thick pipe or stratified two-phase flow causing 
bowing of the line.

N/A - Because the transfer piping is not 
subject to large, rapid temperature 
changes or significant, unequal 
temperature distribution, this loading will 
not be analyzed in this calculation.

301.7.3 Loads Due to 
Differences in 
Expansion 
Characteristics

These loads result from differences in thermal expansion 
where materials with different thermal expansion coefficients 
are combined, as in bimetallic, lined, jacketed, or metallic–
nonmetallic piping.

Addressed in the AutoPIPE model
supplemental analysis.

301.8 Effects of 
Support, Anchor, 
and Terminal 
Movement

The effects of movements of piping supports, anchors, and 
connected equipment shall be taken into account in the 
design of piping. These movements may result from the 
flexibility and/or thermal expansion of equipment, supports, 
or anchors; and from settlement, tidal movements, or wind 
sway.

Addressed in the AutoPIPE model 
supplemental analysis.

301.9 Reduced 
Ductility Effects

The harmful effects of reduced ductility shall be taken into 
account in the design of piping. The effects may, for 
example, result from welding, heat treatment, forming, 
bending, or low operating temperatures, including the 
chilling effect of sudden loss of pressure on highly volatile 
fluids. Low ambient temperatures expected during operation 
shall be considered.

Due to the nature of the materials used 
(FRP piping), reduced ductility effects 
are not necessary for this calculation.

301.10 Cyclic Effects Fatigue due to pressure cycling, thermal cycling, and other 
cyclic loadings shall be considered in the design of piping.
…

N/A – No significant cyclic effects are 
expected.

RPP-CALC-63780 Rev.00 5/27/2020 - 2:14 PM 12 of 185



RPP-CALC-63780, Rev. 0

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-001 Rev. 0 Page No. 10 of 192
Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

Table 2-1. Summary of Design Conditions.  (5 sheets)
ASME B31.3, 
Section 301 Design 
Condition Summary of Requirement

Description of Application of 
Requirement in Analysis

301.11 Air 
Condensation Effects

At operating temperatures below −191° C (−312° F) in 
ambient air, condensation and oxygen enrichment occur. 
These shall be considered in selecting materials, including 
insulation, and adequate shielding and/or disposal shall be 
provided.

N/A – Because the transfer piping is not 
subject to −312° F and below, air 
condensation effects need not be 
analyzed in this calculation. 

 

2.2 Applications of the ASME B31.3 Code and the ISO 14692 Code for FRP Piping 

As stated previously in this calculation, the GRP ISO 14692 piping code (hereafter also referred to as “the 
code” [with a lower case “c”]), is utilized in a supplemental pipe stress analysis to verify system flexibility.
This supplemental analysis is also used as a means to extract support and anchor loads from the new LERF 
Basin 41 FRP piping. Typically, the ASME B31.3 Process Piping Code (hereafter also referred to as “the 
Code” [capitalized]) is used to analyze process piping, but the B31.3 Code does not provide in its appendices 
the required analysis data such as allowable stress values, thermal expansion coefficients, and modulus of 
elasticity values at design temperatures for filament wound epoxy FRP pipe like it does for metallic pipe.

In B31.3 Chapter VII (Nonmetallic Piping and Piping Lined With Nonmetals), Section A302.3 (Allowable 
Stresses and Other Design Limits) states that Table B-3, Listed Specifications for Filament Wound and 
Centrifugally Cast Reinforced Thermosetting Resin and Reinforced Plastic Mortar Pipe, provides listings of 
specifications that meet the criteria of paragraph A302.3.2(c). Listed in this table are ASTM D2996 and D2997,
which are the standard specifications for filament-wound fiberglass pipe and centrifugally cast fiberglass pipe,
respectively, which are employed in this design.

Paragraph A302.3.2(c) of the Code, mentioned above, states that the hydrostatic design basis stress (HDB) 
values for materials listed in Table B-3 shall be obtained by the procedures in ASTM D2992 and are valid only 
at 73° F.  It also states that the hydrostatic design stress (HDS) shall be obtained by multiplying the HDB by a 
service (design) factor selected for the application and that when using the static HDB, the service (design) 
factor F shall not exceed 0.5. The B31.3 Code also states that the Code’s intent in not to specify such service 
factors but leaves this decision to the designer to decide in consideration of service conditions and the 
engineering properties of the selected materials.

Paragraph A302.3(a) states that the use of HDS for calculations other than pressure design has not been verified 
and that the bases for determining allowable stresses and pressures are outlined in para. A302.3.2 (which was 
discussed earlier). In para. A302.3.3(c), the Code refers to non-B31.3 codes and standards for use as the basis 
of stress limits from external loadings. Here, the Code points away from its own content to other ASTM 
standards and codes to develop an HDB/HDS and to qualify the FRP pipe for loads other than pressure loads.

RPP-CALC-63780 Rev.00 5/27/2020 - 2:14 PM 13 of 185



RPP-CALC-63780, Rev. 0

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-001 Rev. 0 Page No. 11 of 192
Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

Conley Composites (manufacturer of ASTM D2996 filament-wound fiberglass pipe) performed the ASTM 
D2992 calculations for the HDB (see Attachment 2) after testing their pipe following that standard D2992. This 
demonstrated that their filament-wound pipe has HDB values of 16,000 psi at 75° F and 8,000 psi at 250° F.

Because the B31.3 Code cannot use this information directly to analyze the pipe for more than simple pressure 
loading, and because AutoPIPE has the option to use the ISO 14692 code, which facilitates the selection of 
service factors to aid in the evaluation of GRP, this latter code was utilized in the supplemental analysis to 
verify system flexibility. Conley developed the required idealized short-term and long-term design envelopes
per the ISO 14692 code (shown in Figure 2, Part 3 of that code) which is used in AutoPIPE to determine 
allowable stresses.  Note the calculated design envelopes in Figure 2-1 below with added descriptive terms at 
identified node points.

Figure 2-1. Conley Composites ISO 14692 Design Envelopes.

Similar to ASTM D2992’s use of HDB, the ISO 14692 code uses what it calls the “qualified stress.” A Conley 
Composites representative explained in detail (in Attachment 2) that the ISO 14692 code uses the ASTM D2992 
test data to arrive at a qualified stress in a different way that he describes below:

ASTM D2992 has the manufacturer calculate the Long Term Hydrostatic Strength (LTHS) at 100,000 hrs (~11.5 
yrs) and 438,000 hrs (50 yrs) and establishes the Hydrostatic Design Basis (HDB) or allowable hoop stress σ(2:1) 
based on the range these values fall in. Our calculated values for the LTHS at 100,000 and 438,000 hrs are 

σsa(0:1)

σsa(2:1)

σsh(2:1)

σal(0:1)
σal(2:1)

σhl(2:1) = σqs
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17802 psi and 16719 psi respectively. Following Table 1 of ASTM D2992 our established and published HDB is 
therefore 16,000 psi with this method as ASTM D2992 correlates an HDB per a given range of calculated LTHS.

As we discussed, the ISO-14692 allows the use of ASTM D2992 to establish the qualified pressure as called out 
in ISO 14692-2 Table 1 and 6.2.3.1. The difference is that when establishing the qualified stress or pressure, 
which are relatable through product geometry (diameter and wall thickness), the time interval that is considered is 
20 years or 175,200 hrs. ISO 14692 also takes the lower confidence level at this time instead of the mean value 
or the value established by the regression line. Since ASTM D2992 is establishing a hoop stress and our testing 
methodology was per ASTM D2992 Procedure B (static pressure) with unrestrained ends, the stress we are 
evaluating is σ(2:1) for the Lower confidence level at a 20 year time. So when considering ISO 14692 the 20 year 
lower confidence level hoop stress or σ(2:1)20yrLCL is σqs. This is the ISO 14692 version of HDB, evaluated at the 
20 year time with the conservancy that the lower confidence level brings.

He also stated that the qualified stresses arrived at using the ISO 14692 code, used to establish the allowable 
stress limits for the material, resulted (in the case of Conley’s test data) in being more conservative than the
values arrived at when directly following ASTM D2992 methods.  In addition to using ISO 14692, in order to
be more conservative and get more representative results at specific temperatures, the values used in the 
supplemental analysis for “qualified stress” are the (reduced) “HDB” values that were calculated in Section 8.0
through interpolation between the HDB values provided at 75° F and 250° F by Conley (see Attachment 2).

2.3 Miscellaneous Modeling Notes 

The following approaches used or features employed in the AutoPIPE modeling of the subject FRP piping were 
judged to be significant enough to warrant the discussions provided.  Piping loadings considered are discussed 
in subsequent sections.

2.3.1 Support and Anchorage 

The underground pipe lines are a pipe-in-pipe design in which the smaller (3-in. and 4-in. nominal) pipe is the 
primary (or process or carrier) pipe that is relied upon to confine and convey the fluid while the outer, larger (6-
in. and 8-in. nominal) pipe is the secondary (or containment or encasement) pipe to capture any potential leak
and drain it to appropriate collection points.  Where double-contained pipes are employed, the primary pipe is 
supported entirely by the secondary pipe via guides (2-degree-of-freedom [four-way] restraints installed within 
the annulus of the two pipes). Guide supports (see Figure 2-2) are installed inside pipe-in-pipe spools from the 
manufacturer at maximum spacings of 10 ft (see Attachment 2).  These guides allow the primary pipe to slide 
axially along the interior of the secondary pipe while restraining the primary pipe laterally.
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Figure 2-2. Representation of Primary Pipe Support Guide.

There are two locations where interlocking unions are employed to rigidly connect the inner and outer piping.  
This occurs near the middle of the two long pipe runs between Basins 41 and 42.  This is done to accommodate 
the recommendation from Conley Composites to axially restrain the inner pipe in this way.

The other guide supports in the model are on the encasement pipes (or un-encased primary pipes) where they 
are connected to vertical steel support members (pipe or HSS) connected to the LERF catch basins or to a 
concrete anchor footing outside of the basins.  These guide supports have small gaps on both sides of the pipe. 
(See support details on drawing H-2-838765.)

Another type of support used in the model is a V-stop (vertical, two-direction restraint), where the pipe is 
supported vertically but allowed to slide axially and laterally (with respect to the pipe it supports) and rotate 
around any axis. There is a large gap at the top of these supports (also called “shoes” in AutoPIPE) so that they 
can displace vertically upwards without any restraint.

Another support type used on the existing pipe is a Line Stop (axially restraining the pipe).  The catch basin at 
LERF Basin 42 has many angled “kicker”-type steel members welded to vertical support members.  At these 
locations in AutoPIPE, vertical steel members were modeled with line stop supports connected to the top of 
them (attached to a nearby pipe node point) to simulate the effects of the angled kicker providing axial restraint
(with respect to the pipe).

The containment piping is terminated over the LERF Catch Basins as shown on the design drawings 
(H-2-838765).  These end closures are shown in the figure below and are modeled in AutoPIPE by connecting 
the inner and outer pipes at nearly-coincident nodes using a rigid beam element which anchors the outer pipe to 
the inner pipe at that location.  In reality, these end closure connections are quite rigid and the modeling is 
representative of the inherent rigidity between the carrier and containment pipes at these locations. It is noted 
that for the two lines going between Basin 41 and Basin 42, each has an end closure with a vent port at its 
respective high side (elevation-wise) of the line for pressure testing purposes.
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Figure 2-3. Double Containment Pipe End Closures

The last type of pipe support is what shall be called in this calculation a support-anchor which is a 5-degree of 
freedom restraint (not restraining torsion) with the use of dual U-bolts and shear collars as shown in the figure 
below.  These supports are utilized near the 45-degree bend just off of the catch basin at Basin 41. They are 
modeled in AutoPIPE with their support beams attached directly to the pipe.  Although this type of connection 
restrains 6 degrees of freedom, the imposed fictitious torsional restraint does not significantly affect the system 
flexibility and overall response.

Figure 2-4. Support-Anchor Detail

The anchors (six-degree of freedom restraints) modeled in AutoPIPE are found at the rigid riser connections of 
the pipes in the two catch basins (LERF Basin 41 and 42); at specified ends of the existing buried pipe within 
the berm, which are located ~45 feet inside and along the length of the berm, just north of the LERF basins; and 
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also at a soil penetration point of one existing 12" FRP pipe3.  See Appendix B for AutoPIPE model 
screenshots.

2.4 Connections to Existing FRP Pipes 

The table below specifies the differences between the existing and new FRP piping and whether or not custom
adapters are required at the connections between the existing and new pipes.

Table 2-2. Existing & New FRP Pipe Data.
EXISTING 

PIPE
Pipe 
Size

Pipe 
OD Manufacturer/Type Custom Adapter 

Required?

Evaporator 
Piping

3" 3.5" Fibercast FRP Pipe
Centrifugally Cast, Epoxy, Centricast 

III EP

NO

6" 6.625" YES

WTP Piping 
4" 4.552" Bondstrand FRP Pipe

Filament-wound, Epoxy, Series 4000
YES

8" 8.678" YES

NEW PIPE 

Pipe 
Size

Pipe 
OD Manufacturer/Type

3" 3.47"
Conley FRP Pipe

Filament Wound, Epoxy Series 40
6" 6.57"

4" 4.48"
8" 8.60"

 
Conley Composites sent the following three points to take note of in preparation to connect to existing FRP 
pipes (see Conley email in Attachment 2):

(1.) When connecting Conley FRP pipe with FRP pipe from a different manufacture, Conley will 
manufacture an adapter fitting to make the connection if difference in diameter greater than 0.040”.

(2.) Bonding of FRP pipe is a mechanical bond that relies on good preparation and cleanliness. Epoxy 
will bond to Epoxy as well as Vinyl FRP pipe. 

(3.) Generally, it is recommended that an anchor be installed when mating to piping from a different 
manufacture. In this case, the anchor will not be required. As stated, the buried pipe will see low 
temperature fluctuations.

3 The lateral stiffnesses at the soil penetration point (for the existing pipe) are set to 0 to allow the pipe to grow/displace axially.
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Additional notes on those points:
As shown in the table above, the existing 6", 4", and 8" pipes will require custom adapter fittings from 
Conley while the existing 3" pipe will only require a standard fitting from Conley.
All three of the FRP pipe types in the table above are epoxy resin pipes, so bonding will not pose an 
issue.
The new Conley pipe is filament wound FRP pipe. The strengths of the existing pipes (filament-wound
and centrifugally-cast) are of comparable magnitudes to the new Conley pipe such that when the new 
piping is shown to be adequate with a conservative margin of safety, adequacy may also be judged of 
the existing pipes.

The new pipe will tee into the existing pipe using a Conley prefabricated tee-in-tee piece as shown below:

Figure 2-5. Conley Double-Containment Tee
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The method of splicing in the tee will be as shown below with clam-shell type couplings (standard or custom 
adapters):

Figure 2-6. New Tee & Existing Pipe Splicing Configuration

2.5 Piping Loading Considerations for Analysis 

Steps described in the WRPS engineering standard TFC-ENG-DESIGN-C-60 are used to identify the design 
conditions and load combinations imposed on the waste transfer piping.  In the supplemental analysis, all 
relevant load combinations are reviewed.  The highest demand-to-capacity ratios (DCRs) for code stresses from 
these load combinations are summarized at the end of the input and output AutoPIPE report presented in 
Appendix C.

2.5.1 Thermal Loading 

Although thermal stress ranges are typically evaluated in the ASME B31.3 Code, allowable stresses for thermal 
loads are not provided in ISO 14692; the evaluation of thermal loading is left to the system designer. In 
ISO 14692, the primary and secondary piping is evaluated for the combined stress due to gravity, pressure, and 
thermal load effects.  The thermal effects are added to the stress evaluation through the supplemental flexibility 
analysis due to temperature change of the pipe between the ambient (installation) temperature and the largest 
change in temperature (cold or hot).  The three operating cases that are analyzed in AutoPIPE are described as 
follows:

1) Operating Case 1 (Hot-in-Hot, Pressurized): Both the primary and secondary pipes are pressurized.
Buried piping and above-ground piping are all taken to be at the hot design temperature of 150° F.  This 
thermal case uses a low ambient temperature of 60° F.  (See Design Inputs.)
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2) Operating Case 2 (Cold-in-Cold, No Pressure) The system is off, so neither the primary nor secondary 
pipes are pressurized, but they are both at the cold design temperatures of -25° F (for above ground,
outermost pipes) and both are at 32° F (for buried pipe).  This thermal case uses a high ambient 
temperature of 80° F.  (See Design Inputs.)

3) Operating Case 3 (Hot-in-Cold, Pressurized): Both the primary and secondary pipes are pressurized, the 
secondary pipes are cold (-25° F for above ground pipe; 32° F for buried pipe), and the primary piping is 
hot (120° F for both above-ground and buried pipe).  (See Design Inputs.)  This type of operating case 
often produces the worst-case thermal displacements and support loading conditions.  This operating 
case evaluates an expanding primary pipe within a contracting secondary pipe.

To be consistent with the ASME B31.3 Code and TFC-ENG-DESIGN-C-60, the support reactions are products 
of the operating cases above (see paragraph below with excerpt from B31.3).

319.3.1 Thermal Expansion Data
(a)…
(b) Values for Reactions. Values of thermal displacements to be used in determining total displacement strains for computation of 
reactions on supports and connected equipment shall be determined as the algebraic difference between the value at maximum (or
minimum) temperature for the thermal cycle under analysis and the value at the temperature expected during installation. 
 

The thermal loading for displacement-based reactions is defined in two generalized cases: 1) a temperature 
range from 80° F to the cold (ambient) design condition, and 2) a temperature range from 60° F to the hot 
design temperature condition. Because the Conley FRP pipe has a thermal expansion coefficient (see Conley 
pipe data in Attachment 2) based on a difference in temperature (not various values over a range of 
temperatures), thermal expansion coefficients at the associated design temperatures were calculated in 
Section 8.0 using the appropriate high or low ambient temperature and manually input in the AutoPIPE 
supplemental analysis.

2.5.2 Seismic Loading 

Using the acceleration values cited in TFC-ENG-STD-06 paragraph 3.5.5.2 and following the methodology in 
Chapter 13 of ASCE 7, seismic accelerations were calculated (see Design Inputs and Section 8.0 Calculations).
The controlling load combination (reference ASCE 7 Section 2.4.1) is D + 0.7E, where D is the dead load 
demand and E is the seismic demand. As a general service system, the LERF piping will be analyzed to NDC-1
criteria per Design Input 12.  NOTE: A static earthquake analysis is used to satisfy requirements for the seismic 
evaluation for NDC-1 piping.  The FRP piping is evaluated based on the ISO 14692 Code.  A separate structural 
analysis addresses the evaluation of the structural adequacy of the primary pipe supports (see the Results
section).

2.5.3 Fluid Loads 

2.5.3.1 Thrust Forces on Bends Due to Normal Operation and Occasional Loads

Thrust loads for normal operation and from pump start-ups could be applied at the midpoints of the elbows in 
the model.  The normal operating loads could be applied in the two in-plane directions at the bends in 
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association with gravity loadings.  However, given the sizes of the carrier pipes and the maximum expected 
flow rates, the resulting calculated thrust forces that could act at the 3-in. & 4-in. primary piping elbows were 
found to be very small (<10 lbf) and were therefore judged to be negligible and not included in the AutoPIPE 
supplemental analysis.

2.5.3.2 Transient (e.g., Water Hammer) Loads

Evaluation of occasional loads due to transient pressures is not required. The new piping and components being 
installed as part of this project’s scope have a pressure capacity greater than or equal to that of the existing 
system. Therefore, the new piping is considered sufficient to handle all existing transient pressures from 
existing transient initiators. New transient initiators include the installation of LV-P41-4-1 located in Catch 
Basin 41. However, this valve has a 30 second closure time which significantly exceeds the communication 
time of the system and will introduce negligible transient pressures. 

2.5.4 Wind Loads 

The wind loading criteria is taken from Table 3 of TFC-ENG-STD-06 for a WDC-1 classification for general 
service systems. It employs an ultimate design wind speed of 110 mph and Exposure Category C.
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3.0 DESIGN INPUTS

1. Dimensions and details for the new, FRP lines are per drawing H-2-838765.  (See Appendix A.)

2. Code of Record:  B31.3 2016 (RPP-SPEC-63632, Section 40 40 00, Part 1, Subsection 1.2)

3. Operating/Ambient Temperatures:

A. Above Ground Pipe:

i. Carrier:

a. Hot: 150° F (RPP-SPEC-63632, Section 40 40 00—Attachment 2 of that section) 
in ambient hot air. Considered to be 120 F when operating in Load Case 3 at 
cold ambient temperatures.

b. Cold: -25° F (Minimum ambient temperature per TFC-STD-02, Section 3.1.1 for 
exposed piping.) Used for empty pipes in Load Case 2.

ii. Containment:

a. Hot: 150° F (RPP-SPEC-63632, Section 40 40 00—Attachment 2 of that section) 
in ambient hot air.

b. Cold: -25° F (Minimum ambient temperature per TFC-STD-02, Section 3.1.1 for 
exposed piping.)

B. Buried Pipe:

i. Carrier:

a. Hot: 120° F (RPP-SPEC-63632, Section 40 40 00—Attachment 2 of that section)

b. Cold: 32° F (Conservative cold temperature for buried pipe at a burial depth 
greater than 3 ft, which is below frost line. See Design Input 7.A. Also see TFC-
ENG-STD-02 Table 2 and Table B-1 at 3ft.) Used for empty pipes in Load Case 
2.

ii. Containment:

a. Hot: 100° F (Conservative, RPP-SPEC-63632, Section 40 40 00—Attachment 2 
of that section, given that the pipe temperature will stay around that of the soil at 
the buried depth.  Also see TFC-ENG-STD-02 Table 2 and Table B-1 at 3ft.)

b. Cold: 32° F (Conservative cold temperature for buried pipe at a burial depth 
greater than 3 ft, which is below frost line. See Design Input 7.A. Also see TFC-
ENG-STD-02 Table 2 and Table B-1 at 3ft.)
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C. The temperature of piping at the time of installation is unknown.  Therefore, per TFC-ENG-
DESIGN-C-60, Table 2(a), the ambient temperature is taken to be 60° F for the hot case and 
80° F for the cold case. 

4. Operating Pressures (RPP-SPEC-63632, Section 40 40 00—Attachment 2 of that section):

A. Carrier (Inner) Pipe: 150 psig

B. Containment (Outer) Pipe: 50 psig

5. New Piping Data4:

A. Material: Carrier and containment pipe are Conley double containment FRP pipe utilizing 
Conley Aromatic® amine cured epoxy resin.  FRP pipe construction is filament wound 
fiberglass-reinforced thermosetting epoxy resin pressure pipe manufactured per ASTM D2996—
Type 1, Grade 1, Class F (RTRP-11FW). (RPP-SPEC-63632, Section 40 40 00—Attachment 2 
of that section.)

B. Pipe Properties (Attachment 2; see also Section 8.0 Calculations):

i. Thermal Expansion Coefficient: α = 9.5*10-6 in/in/° F

ii. Poisson’s ratio: Stress in the hoop direction, νha = 0.23

iii. Axial Modulus of Elasticity: 1.75*106 psi (at 75° F) & 1.30*106 psi (at 250° F)

iv. Hydrostatic Design Basis (HDB): 16,000 psi (at 75° F) and 8,000 psi (at 250° F)

6. Existing Piping Data:
(Note: HNF-27957 documents the pipe classes for the 200 Area ETF, Load-In, and LERF systems.)

A. 3"/6" Pipe: Fibercast® Centricast III EP5 centrifugally cast epoxy resin fiberglass pipe 
manufactured in accordance with ASTM D2997 classification of RTRP, Type II, Grade 1, Class 
C. (See Attachment 3.)

B. 4"/8" Pipe: Bondstrand Series 4000 filament-wound epoxy resin fiberglass pipe manufactured in 
accordance with ASTM D2996 classifications of RTRP-11FE-1112 & -1113. (See Attachment 
3.)

4 New connected, above-ground, stainless steel piping at the catch basin (LERF Basin 41) has been modeled and analyzed separately 
in RPP-CALC-63779.  The model analyzed in that calculation is used in the current analysis only to more accurately simulate the 
boundary conditions at the connections between the new FRP piping and the new stainless steel piping at the catch basin at LERF 
Basin 41.  The stainless steel piping is not being evaluated or reported on in this calculation.  Design inputs, including pipe properties 
and operating conditions from RPP-CALC-63779 are utilized for the stainless steel piping in this analysis.
5 HNF-27957 calls out Centricast RB-1520 piping in their Class M-17 (System 60M) pipe description, but references W-105-C3, 
Rev. 1 M-17 piping specification which calls out Centricast III EP piping which has reinforcement thickness that is approximately half
that of the RB-1520 piping.  Old specifications do not indicate which Centricast series was ultimately used. However, we know that 
the Conley product strength in the new design is equal to or weaker than that of the existing pipe such that if the new piping stresses 
are acceptable, so will be the stresses for the existing piping.
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7. Buried Pipe Data (See Section 8.0 Calculations):

A. Average depth (H) of pipe centerline (see screenshots in Mathcad file)

i. 3"/6" Pipes = 8ft + 9.94in

ii. 4"/8" Upper Pipes = 3ft + 9.13in

iii. 4"/8" Lower Pipes = 8ft + 9.94in

B. Coating factor for fusion bonded epoxy = 0.6 (ASCE 2001, Table B.1)

C. Soil Data (See Section 2.0 Methodology):

i. Crushed rock (pipe bedding and initial backfill material) – (RPP-SPEC-63632, Section 31 
23 33, Subsection 2.1.E.3)

a. Class I soil class (Attachment 2 & Attachment 4)

b. Density: 110 lbf/ft3 (See Section 2.0 Methodology)

c. Internal friction angle: Φ = 40° (Attachment 1)

d. Cohesion value: c = 0 (Attachment 1)

ii. Site Soil (final backfill only)

a. Density: 110 lbf/ft3 (TFC-ENG-STD-06)

b. Internal friction angle: Φ = 40° (Attachment 1)

8. Conley FRP Pipe Geometry (See Section 8.0 & Attachment 2):

Nom. Pipe 
Diameter 

Pipe 
Series Pipe O.D. 

(Outer) 
UV 

Thickness 

Pipe 
Reinf. 

Thickness 

Reinf. 
O.D.* 

Reinf. 
I.D.** 

Fitting 
Reinf. 

Thickness*** 
3" 40 3.47" 0.040" 0.135" 3.39" 3.12" 0.295" 
4" 40 4.48" 0.020" 0.160" 4.44" 4.12" 0.295" 
6" 30 6.38" 0.020" 0.110" 6.34" 6.12" 0.410" 
8" 30 8.38" 0.020" 0.110" 8.34" 8.12" 0.410" 

* Reinf. O.D. = Pipe O.D. – 2 (UV Thickness)
** Reinf. I.D. = Reinf. O.D. – 2 (Reinf. Thickness)
*** See Attachment 2.

9. Corrosion-erosion allowance for FRP pipe is neglected since the pipe has a corrosion barrier (inner 
liner) which has a thickness of 0.060". (See Attachment 2.)

10. Specific gravity of contents is 1.0, but conservatively modeled using a value of 1.5. (See Attachment 5.)
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11. The pipe insulation (for above-ground containment and exposed carrier pipes) was originally specified 
in RPP-SPEC-63632, Section 40 42 13 to be 2" thick black rubber “Armaflex” type pipe insulation, 
which has a maximum density of 6 lbf/ft3. The current supplemental AutoPIPE analysis uses this 
density. However, per client direction, the specification for this insulation has since changed to be 2” of 
Owens Corning FoamGlas insulation, which has a maximum density of 7.5 lbf/ft3 (see Attachment 
6). Considering the weights of the double contained piping, the contents, and the insulation, the new, 
heavier insulation increases the weight per foot of contents filled double contained piping by less than 
5%. Given that all DCRs for new insulated FRP piping do not exceed 0.80 (see Section 6.1), it is
apparent that this additional weight does not threaten the results of this analysis nor justify rerunning the 
supplemental analysis with this slight difference in insulation density. Therefore, no rerun of the 
supplemental analysis is necessary.

12. The effluent lines are classified as general service lines and as such TFC-ENG-STD-06 requires the 
system to be designed to NPH (Natural Phenomena Hazard) Design Category (NDC)-1.  (See design 
category comparisons in Table 1 of TFC-ENG-STD-06.) TFC-ENG-STD-06 invokes the International 
Building Code [IBC] which also invokes ASCE 7 in which Ip=1.0 such that equivalent static seismic 
values of Ah = 0.123g and Av = 0.082g are calculated (see Section 8.0 Calculations) and applied in the
supplemental analysis.  Also reference TFC-ENG-STD-06 Section 3.5.5.1, 3.5.5.2, and Table 6.

13. The service design factor used in the wall thickness calculation is taken as 0.2.  Section A302.3.2(c)(2) 
states that when using the static HDB[S], the service design factor F shall not exceed 0.5.  The service 
design factor is selected based on different conditions, including but not limited to installation, 
environment, temperature, hazard involved, life expectancy desired, and the properties of the pipe 
selected.  The buried piping evaluated herein is general service, carrying water (very minor 
contamination levels), with no water hammer loadings expected.  Also, the entire system is dual
contained. In general, there is very low risk involved with this piping.  Therefore, the factor of 0.2 is 
judged to be a conservatively low service design factor.

4.0 ASSUMPTIONS

There are no unverified assumptions in this calculation. Engineering judgments are used and justified in the 
body of the calculation.
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5.0 COMPUTER SOFTWARE

The pipe stress analysis modeling software, Bentley AutoPIPE CONNECT Edition generation, 
Version 11.01.00.24 was used to model the piping assembly and perform the supplemental stress analysis per 
the ISO 14692 GRP Piping Code.  The program was executed on a Dell computer; model Dell Precision™6

Tower 3620, Service Tag Number JMKFRD2, with an S&L ID of GDV11145. This software has been validated 
as documented in ARES ESD V&V No. VV-19-10-042, Rev. 0.

Mathcad®7 15.0 (M045) was used for the hand calculations.  Calculations are checked step by step.

6.0 RESULTS

6.1 ASME B31.3 Evaluation Results 

As stated in the Methodology section, the minimum wall thickness check for internal pressure per ASME 
B31.3, Section A304.1.2(c) is performed in Section 8.5 where it is shown that the Series 40 and 30 pipe (i.e,. for 
inner and outer FRP pipes, respectively), is all adequate for the internal pressures expected in the system and 
meet the Code requirement for minimum required wall thickness.  Also, as shown in manufacturer-provided, 
AWWA M45-based buried piping (external load) calculations in Attachment 7, the outer FRP pipes (6-inch and 
8-inch) are structurally adequate to handle the external (burial) loads and thereby meet the external loading 
requirement in Section A302.3.3(c)(2) of the Code.

6.2 Overall Supplemental Analysis Results 

The maximum stress DCR among all associated buried transfer piping is 0.80 at Point X40 (4-in. primary
elbow) for the combined stress due to gravity, pressure, and thermal loadings.  (See stress isometric below.)  It
is also noted for reference that among the existing regions of piping that were modeled for the sake of 
determining representative stresses on newly-connected piping, the maximum stress DCR is 0.83 at Point W58
(8-in. pipe near tee) for the occasional stress due to seismic loads.  Given that all stress DCRs associated with 
this supplemental analysis are less than 1.0, the subject piping is found to perform acceptably under anticipated
loadings per ISO 14692 requirements and Hanford standards cited previously.

6 Dell Precision is a registered trademark of Dell Computer Corporation, One Dell Way, Round Rock, TX 78682.
7 Mathcad is a registered trademark of Parametric Technology Corporation., Needham, Massachusetts.
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Figure 6-1. Maximum Pipe Stress in New FRP Pipe

The anchor and support loadings from the supplemental analysis are summarized in Section 6.3 below.

6.3 Piping Support Loads 

Designs of associated supports and anchors are presented in design drawing H-2-838765. Primary piping 
supports (i.e., guides, vertical supports) for both primary and secondary piping are structurally evaluated in 
RPP-CALC-63779, Appendix H. No evaluation of existing supports for existing piping that is tied into and 
affected by the new FRP piping analyzed herein is necessary as the supports are judged to be adequate by 
comparison to the loading of the new piping and the types of supports used for the new piping.  As shown in 
Table 6-1 and Table 6-2, the maximum moment on the new support bases bounds the maximum moment on the 
support bases for the existing pipe supports.  Also, the support types used on the existing piping are judged to be 
structurally adequate for the relatively low forces reported in the AutoPIPE analysis and in the tables below.
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Table 6-1. Bounding Support Reaction Loads on New Pipe Supports.

Support 
Node Point Support Type* Support Location Vertical Load** 

(lbf) 

Lateral Load 
(Transverse to Pipe Axis) 

(lbf) 

Maximum Moment 
at Support Base 

(lbf*ft) 

Z52 HSS Guide ON Catch Basin 42 204 429 2282 

Y45 HSS Guide OFF Catch Basin 41 567 264 858 

Y54 HSS Guide ON Catch Basin 41 296 381 697 
* See drawing H-2-838765.
** Actual vertical load concurrent with maximum lateral load.
 

Table 6-2.  Bounding Support Reaction Loads on Existing Pipe Supports.

Support 
Node Point Support Type* Support Location Vertical Load** 

(lbf) 

Lateral Load 
(Transverse to Pipe Axis) 

(lbf) 

Maximum 
Moment at 

Support Base 
(lbf*ft) 

W65 HSS Guide ON Catch Basin 42 490 1109 2063 

AC02 HSS Guide OFF Catch Basin 42 1258 455 1201 
* See drawings H-2-79633 and H-2-79634.
** Actual vertical load concurrent with maximum lateral load. 
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APPENDIX C

MODEL INPUT AND OUTPUT REPORT

Given the large model size, the amount of input and output has been significantly abbreviated as noted below.  
A representative sampling is provided below.

Additional information can be made available upon request.
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          ************************************************************ 
          **                                                        ** 
          **              AUTOPIPE SYSTEM INFORMATION               ** 
          **                                                        ** 
          ************************************************************ 
  
  
  
          SYSTEM NAME : LERF_FRP_3m                                      
  
  
          PROJECT ID  :                                          
                                                                 
  
  
          PREPARED BY  : ______________________________ 
                                                  
  
          CHECKED BY   : ______________________________ 
                                                  
  
          1ST APPROVER : ______________________________ 
                                                  
  
          2ND APPROVER : ______________________________ 
                                                  
  
  
          PIPING CODE            : ISO 14692                
  
          YEAR                   : 2002 + 2005 addenda              
  
          VERTICAL AXIS          : Y 
  
          AMBIENT TEMPERATURE    :   60.0 deg F     
  
          COMPONENT LIBRARY      : ISOGRPP  
  
          MATERIAL LIBRARY       : ISOGRPM  
  
          MODEL REVISION NUMBER  :   173 
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                  C O M P O N E N T   D A T A   L I S T I N G                                                    
                                                                                                                 
 ------------------------------------------------------------------------------- 
 *** SEGMENT A                                                                   
  
 ------------------------------------------------------------------------------- 
 From A00 to A01, DX= 10.00 ft                                              Run  
  
 PIPE DATA:                                                                      
   Pipe Id= 3CON40, Material= NS, Poisson= 0.230, Nom Size= 3.000, OD= 3.390 inch, Sch= NS,                      
   Wall Thk= 0.135 inch, Mill= 0.017 inch, Cor= 0 inch, Pipe Density= 115.80 lb/cu.ft,                           
   Pipe Unit Wgt= 1.11 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft, Insul Thk= 2.000 inch,         
   Insul Material= OTHER, Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.41 lb/ft, Cladding Thickness = 0 inch, 
   Lining Thk= 0 inch, Long Weld factor= 1.00, Circ Weld factor= 1.00, Long Modulus= 1.75000 E6 psi,             
   Hoop Modulus= 2.50000 E6 psi, Shear Modulus= 1.30000 E6 psi, Sc= 6454.0 psi, Syc= 0.0 psi                     
  
 OPERATING DATA:                                                                 
   P1= 150.00 psi, P2= 0 psi, P3= 150.00 psi, T1= 120.00 deg F, T2= 32.00 deg F, T3= 120.00 deg F,               
   Exp1= 0.68400 in/100ft, Exp2= -0.54700 in/100ft, Exp3= 0.68400 in/100ft, E1= 1.63000 E6 psi,                  
   E2= 1.86000 E6 psi, E3= 1.63000 E6 psi, Sh1= 0.85 psi, Sh2= 0.85 psi, Sh3= 0.85 psi                           
  
 POINT DATA:                                                                     
   A00, Coordinates, X= -45.07 ft, Y= -0.28 ft, Z= -0.01 ft                      
  
 SUPPORT DATA:                                                                   
   A00, Anchor, KTX= Rigid, KTY= Rigid, KTZ= Rigid, KRX= Rigid, KRY= Rigid, KRZ= Rigid                           
  
 ------------------------------------------------------------------------------- 
 From A01 to A02, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   A01, Coordinates, X= -35.07 ft, Y= -0.28 ft, Z= -0.01 ft                      
  
 SUPPORT DATA:                                                                   
   A01, Guide, Support Id= A03  1, Connected to E01, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A02 to A03, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   A02, Coordinates, X= -25.07 ft, Y= -0.28 ft, Z= -0.01 ft                      
  
 SUPPORT DATA:                                                                   
   A02, Guide, Support Id= A04  1, Connected to E02, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A03 to A04, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   A03, Coordinates, X= -15.07 ft, Y= -0.28 ft, Z= -0.01 ft                      
  
 SUPPORT DATA:                                                                   
   A03, Guide, Support Id= A05  1, Connected to E03, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A04 to A05, DX= 4.66 ft                                               Run  
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                  C O M P O N E N T   D A T A   L I S T I N G                                                    
                                                                                                                 
 POINT DATA:                                                                     
   A04, Coordinates, X= -5.07 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 SUPPORT DATA:                                                                   
   A04, Guide, Support Id= A06  1, Connected to E04, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A05 to A06, DX= 0.34 ft                                               Run  
  
 PIPE DATA:                                                                      
   Pipe Id= FITT3, Material= NS, OD= 3.710 inch, Wall Thk= 0.295 inch, Mill= 0.037 inch,                         
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 2.55 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.49 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   A05, Coordinates, X= -0.41 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 SUPPORT DATA:                                                                   
   A05, Guide, Support Id= A12  1, Connected to E06, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A06 to A07, DX= 0.34 ft                                               Tee  
  
 COMPONENT DATA (Tee Header, Center= A06):                                       
   Reinforced tee, SIFI= 1.52, SIFO= 1.52, Pad thick= 0.00 inch                  
  
 POINT DATA:                                                                     
   A06, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 ------------------------------------------------------------------------------- 
 From A07 to A08, DX= 4.66 ft                                               Run  
  
 PIPE DATA:                                                                      
   Pipe Id= 3CON40, Material= NS, OD= 3.390 inch, Wall Thk= 0.135 inch, Mill= 0.017 inch,                        
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.11 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.41 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   A07, Coordinates, X= 0.27 ft, Y= -0.28 ft, Z= -0.01 ft                        
  
 SUPPORT DATA:                                                                   
   A07, Guide, Support Id= A11  1, Connected to E08, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A08 to A09, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   A08, Coordinates, X= 4.93 ft, Y= -0.28 ft, Z= -0.01 ft                        
  
 SUPPORT DATA:                                                                   
   A08, Guide, Support Id= A07  1, Connected to E10, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A09 to A10, DX= 10.00 ft                                              Run  
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 POINT DATA:                                                                     
   A09, Coordinates, X= 14.93 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 SUPPORT DATA:                                                                   
   A09, Guide, Support Id= A08  1, Connected to E11, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A10 to A11, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   A10, Coordinates, X= 24.93 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 SUPPORT DATA:                                                                   
   A10, Guide, Support Id= A09  1, Connected to E12, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From A11 to A12, DX= 10.00 ft, DZ= 0 ft, L= 10.00 ft                       Run  
  
 POINT DATA:                                                                     
   A11, Coordinates, X= 34.93 ft, Y= -0.28 ft, Z= -0.01 ft                       
   A12, Coordinates, X= 44.93 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 SUPPORT DATA:                                                                   
   A11, Guide, Support Id= A10  1, Connected to E13, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
   A12, Anchor, KTX= Rigid, KTY= Rigid, KTZ= Rigid, KRX= Rigid, KRY= Rigid, KRZ= Rigid                           
  
 ------------------------------------------------------------------------------- 
 ------------------------------------------------------------------------------- 
 *** SEGMENT B                                                                   
  
 ------------------------------------------------------------------------------- 
 From Q13 to B01, DX= -0.33 ft, DZ= -0.33 ft, L= 0.47 ft                    Junc 
  
 PIPE DATA:                                                                      
   Pipe Id= 3CON40, Material= NS, Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.11 lb/ft,                      
   Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft                            
  
 OPERATING DATA:                                                                 
   T1= 150.00 deg F, T2= -25.00 deg F, Exp1= 1.02600 in/100ft, Exp2= -1.19700 in/100ft, E1= 1.56000 E6 psi,      
   E2= 2.01000 E6 psi                                                            
  
 POINT DATA:                                                                     
   Q13, Coordinates, X= 7.88 ft, Y= -0.28 ft, Z= 39.56 ft                        
  
 ------------------------------------------------------------------------------- 
 From B01 to B02, DX= -3.78 ft, DY= 0 ft, DZ= -3.78 ft, L= 5.35 ft          Run  
  
 POINT DATA:                                                                     
   B01, Coordinates, X= 7.55 ft, Y= -0.28 ft, Z= 39.23 ft                        
  
 ------------------------------------------------------------------------------- 
 From B02 to B03, DX= -3.63 ft, DZ= -3.63 ft, L= 5.13 ft                    Run  
  
 POINT DATA:                                                                     
   B02, Coordinates, X= 3.77 ft, Y= -0.28 ft, Z= 35.44 ft                        
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 SUPPORT DATA:                                                                   
   B02, Guide, Support Id= B11  1, Connected to F14, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From B03 to B04, DX= -0.21 ft, DZ= -0.21 ft, L= 0.30 ft                    Run  
  
 PIPE DATA:                                                                      
   Pipe Id= FITT3, Material= NS, OD= 3.710 inch, Wall Thk= 0.295 inch, Mill= 0.037 inch,                         
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 2.55 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.49 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   B03, Coordinates, X= 0.14 ft, Y= -0.28 ft, Z= 31.81 ft                        
  
 SUPPORT DATA:                                                                   
   B03, Guide, Support Id= B05  1, Connected to F07, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From B04 to B05, DZ= -0.30 ft                                              Bend 
  
 COMPONENT DATA (Bend, TIP= B04, Near= B04 N, Mid= B04 M, Far= B04 F):           
    , Radius= 3.92 inch, Bend angle= 45.00 deg, Mid point at 50.00 percent, End flanges= 0, Flex= Auto,          
   SIFI Circ= 2.50, SIFO Circ= 2.50, SIFI Long= 1.25, SIFO Long= 1.00            
  
 POINT DATA:                                                                     
   B04, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 31.60 ft                       
   B04 N, Coordinates, X= 0.03 ft, Y= -0.28 ft, Z= 31.70 ft                      
   B04 M, Coordinates, X= -0.04 ft, Y= -0.28 ft, Z= 31.59 ft                     
   B04 F, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 31.47 ft                     
  
 ------------------------------------------------------------------------------- 
 From B05 to B06, DZ= -6.31 ft                                              Run  
  
 PIPE DATA:                                                                      
   Pipe Id= 3CON40, Material= NS, OD= 3.390 inch, Wall Thk= 0.135 inch, Mill= 0.017 inch,                        
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.11 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.41 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   B05, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 31.30 ft                       
  
 SUPPORT DATA:                                                                   
   B05, Guide, Support Id= B06  1, Connected to F05, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From B06 to B07, DZ= -10.00 ft                                             Run  
  
 POINT DATA:                                                                     
   B06, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 24.99 ft                       
  
 SUPPORT DATA:                                                                   
   B06, Guide, Support Id= B08  1, Connected to F11, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From B07 to B08, DZ= -10.00 ft                                             Run  
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 OPERATING DATA:                                                                 
   T1= 120.00 deg F, T2= 32.00 deg F, Exp1= 0.68400 in/100ft, Exp2= -0.54700 in/100ft, E1= 1.63000 E6 psi,       
   E2= 1.86000 E6 psi                                                            
  
 POINT DATA:                                                                     
   B07, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 14.99 ft                       
  
 SUPPORT DATA:                                                                   
   B07, Guide, Support Id= B07  2, Connected to F10, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From B08 to B09, DZ= -4.66 ft                                              Run  
  
 POINT DATA:                                                                     
   B08, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 4.99 ft                        
  
 SUPPORT DATA:                                                                   
   B08, Guide, Support Id= B03  1, Connected to F03, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From B09 to A06, DZ= -0.34 ft                                              Run  
  
 PIPE DATA:                                                                      
   Pipe Id= FITT3, Material= NS, OD= 3.710 inch, Wall Thk= 0.295 inch, Mill= 0.037 inch,                         
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 2.55 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 4.97 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.49 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   B09, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= 0.33 ft                        
   A06, Coordinates, X= -0.07 ft, Y= -0.28 ft, Z= -0.01 ft                       
  
 SUPPORT DATA:                                                                   
   B09, Guide, Support Id= B07  1, Connected to F01, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 ------------------------------------------------------------------------------- 
 *** SEGMENT C                                                                   
  
 ------------------------------------------------------------------------------- 
 From C00 to C01, DX= 10.00 ft                                              Run  
  
 PIPE DATA:                                                                      
   Pipe Id= 4CON40, Material= NS, Nom Size= 4 in, OD= 4.440 inch, Wall Thk= 0.160 inch, Mill= 0.020 inch,        
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.73 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.69 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   C00, Coordinates, X= -47.00 ft, Y= 6.00 ft, Z= 3.10 ft                        
  
 SUPPORT DATA:                                                                   
   C00, Anchor, KTX= Rigid, KTY= Rigid, KTZ= Rigid, KRX= Rigid, KRY= Rigid, KRZ= Rigid                           
  
 ------------------------------------------------------------------------------- 
 From C01 to C02, DX= 10.00 ft                                              Run  
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 POINT DATA:                                                                     
   C01, Coordinates, X= -37.00 ft, Y= 6.00 ft, Z= 3.10 ft                        
  
 SUPPORT DATA:                                                                   
   C01, Guide, Support Id= C03  1, Connected to G01, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C02 to C03, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   C02, Coordinates, X= -27.00 ft, Y= 6.00 ft, Z= 3.10 ft                        
  
 SUPPORT DATA:                                                                   
   C02, Guide, Support Id= C04  1, Connected to G02, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C03 to C04, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   C03, Coordinates, X= -17.00 ft, Y= 6.00 ft, Z= 3.10 ft                        
  
 SUPPORT DATA:                                                                   
   C03, Guide, Support Id= C05  1, Connected to G03, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C04 to C05, DX= 4.66 ft                                               Run  
  
 POINT DATA:                                                                     
   C04, Coordinates, X= -7.00 ft, Y= 6.00 ft, Z= 3.10 ft                         
  
 SUPPORT DATA:                                                                   
   C04, Guide, Support Id= C06  1, Connected to G04, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C05 to C06, DX= 0.34 ft                                               Run  
  
 PIPE DATA:                                                                      
   Pipe Id= FITT4, Material= NS, OD= 4.710 inch, Wall Thk= 0.295 inch, Mill= 0.037 inch,                         
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 3.29 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.76 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   C05, Coordinates, X= -2.34 ft, Y= 6.00 ft, Z= 3.10 ft                         
  
 SUPPORT DATA:                                                                   
   C05, Guide, Support Id= C13  1, Connected to G06, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C06 to C07, DX= 0.34 ft                                               Tee  
  
 COMPONENT DATA (Tee Header, Center= C06):                                       
   Reinforced tee, SIFI= 1.74, SIFO= 1.74, Pad thick= 0.00 inch                  
  
 POINT DATA:                                                                     
   C06, Coordinates, X= -2.00 ft, Y= 6.00 ft, Z= 3.10 ft                         
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 ------------------------------------------------------------------------------- 
 From C07 to C08, DX= 4.66 ft                                               Run  
  
 PIPE DATA:                                                                      
   Pipe Id= 4CON40, Material= NS, OD= 4.440 inch, Wall Thk= 0.160 inch, Mill= 0.020 inch,                        
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.73 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.69 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   C07, Coordinates, X= -1.66 ft, Y= 6.00 ft, Z= 3.10 ft                         
  
 SUPPORT DATA:                                                                   
   C07, Guide, Support Id= C12  1, Connected to G08, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C08 to C09, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   C08, Coordinates, X= 3.00 ft, Y= 6.00 ft, Z= 3.10 ft                          
  
 SUPPORT DATA:                                                                   
   C08, Guide, Support Id= C07  1, Connected to G10, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C09 to C10, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   C09, Coordinates, X= 13.00 ft, Y= 6.00 ft, Z= 3.10 ft                         
  
 SUPPORT DATA:                                                                   
   C09, Guide, Support Id= C08  1, Connected to G11, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C10 to C11, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   C10, Coordinates, X= 23.00 ft, Y= 6.00 ft, Z= 3.10 ft                         
  
 SUPPORT DATA:                                                                   
   C10, Guide, Support Id= C09  1, Connected to G12, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From C11 to C12, DX= 10.00 ft                                              Run  
  
 POINT DATA:                                                                     
   C11, Coordinates, X= 33.00 ft, Y= 6.00 ft, Z= 3.10 ft                         
   C12, Coordinates, X= 43.00 ft, Y= 6.00 ft, Z= 3.10 ft                         
  
 SUPPORT DATA:                                                                   
   C11, Guide, Support Id= C10  1, Connected to G13, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
   C12, Anchor, KTX= Rigid, KTY= Rigid, KTZ= Rigid, KRX= Rigid, KRY= Rigid, KRZ= Rigid                           
  
 ------------------------------------------------------------------------------- 
 ------------------------------------------------------------------------------- 
 *** SEGMENT D                                                                   
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 ------------------------------------------------------------------------------- 
 From D00 to D01, DX= -0.84 ft, DZ= -0.84 ft, L= 1.19 ft                    Junc 
  
 PIPE DATA:                                                                      
   Pipe Id= 4CON40, Material= NS, Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.73 lb/ft,                      
   Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft                            
  
 OPERATING DATA:                                                                 
   T1= 150.00 deg F, T2= -25.00 deg F, Exp1= 1.02600 in/100ft, Exp2= -1.19700 in/100ft, E1= 1.56000 E6 psi,      
   E2= 2.01000 E6 psi                                                            
  
 POINT DATA:                                                                     
   D00, Coordinates, X= 6.01 ft, Y= -0.28 ft, Z= 41.63 ft                        
  
 ------------------------------------------------------------------------------- 
 From D01 to D02, DX= -3.40 ft, DZ= -3.40 ft, L= 4.81 ft                    Run  
  
 POINT DATA:                                                                     
   D01, Coordinates, X= 5.17 ft, Y= -0.28 ft, Z= 40.79 ft                        
  
 ------------------------------------------------------------------------------- 
 From D02 to D03, DX= -3.50 ft, DZ= -3.50 ft, L= 4.95 ft                    Run  
  
 POINT DATA:                                                                     
   D02, Coordinates, X= 1.77 ft, Y= -0.28 ft, Z= 37.39 ft                        
  
 SUPPORT DATA:                                                                   
   D02, Guide, Support Id= D13  1, Connected to H02, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From D03 to D04, DX= -0.27 ft, DZ= -0.27 ft, L= 0.38 ft                    Run  
  
 PIPE DATA:                                                                      
   Pipe Id= FITT4, Material= NS, OD= 4.710 inch, Wall Thk= 0.295 inch, Mill= 0.037 inch,                         
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 3.29 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.76 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   D03, Coordinates, X= -1.73 ft, Y= -0.28 ft, Z= 33.89 ft                       
  
 SUPPORT DATA:                                                                   
   D03, Guide, Support Id= D05  1, Connected to H04, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From D04 to D05, DZ= -0.38 ft                                              Bend 
  
 COMPONENT DATA (Bend, TIP= D04, Near= D04 N, Mid= D04 M, Far= D04 F):           
    , Radius= 4.53 inch, Bend angle= 45.00 deg, Mid point at 50.00 percent, End flanges= 0, Flex= Auto,          
   SIFI Circ= 2.50, SIFO Circ= 2.50, SIFI Long= 1.64, SIFO Long= 1.21            
  
 POINT DATA:                                                                     
   D04, Coordinates, X= -2.00 ft, Y= -0.28 ft, Z= 33.62 ft                       
   D04 N, Coordinates, X= -1.89 ft, Y= -0.28 ft, Z= 33.73 ft                     
   D04 M, Coordinates, X= -1.97 ft, Y= -0.28 ft, Z= 33.61 ft                     
   D04 F, Coordinates, X= -2.00 ft, Y= -0.28 ft, Z= 33.47 ft                     
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 ------------------------------------------------------------------------------- 
 From D05 to D06, DZ= -6.94 ft                                              Run  
  
 PIPE DATA:                                                                      
   Pipe Id= 4CON40, Material= NS, OD= 4.440 inch, Wall Thk= 0.160 inch, Mill= 0.020 inch,                        
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 1.73 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.69 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   D05, Coordinates, X= -2.00 ft, Y= -0.28 ft, Z= 33.24 ft                       
  
 SUPPORT DATA:                                                                   
   D05, Guide, Support Id= D06  1, Connected to H06, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From D06 to D07, DZ= -10.00 ft                                             Run  
  
 POINT DATA:                                                                     
   D06, Coordinates, X= -2.00 ft, Y= -0.28 ft, Z= 26.30 ft                       
  
 SUPPORT DATA:                                                                   
   D06, Guide, Support Id= D10  2, Connected to H09, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From D07 to D08, DZ= -6.53 ft                                              Run  
  
 OPERATING DATA:                                                                 
   T1= 120.00 deg F, T2= 32.00 deg F, Exp1= 0.68400 in/100ft, Exp2= -0.54700 in/100ft, E1= 1.63000 E6 psi,       
   E2= 1.86000 E6 psi                                                            
  
 POINT DATA:                                                                     
   D07, Coordinates, X= -2.00 ft, Y= -0.28 ft, Z= 16.30 ft                       
  
 SUPPORT DATA:                                                                   
   D07, Guide, Support Id= D09  2, Connected to H10, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From D08 to D09, DZ= -0.38 ft                                              Run  
  
 PIPE DATA:                                                                      
   Pipe Id= FITT4, Material= NS, OD= 4.710 inch, Wall Thk= 0.295 inch, Mill= 0.037 inch,                         
   Pipe Density= 115.80 lb/cu.ft, Pipe Unit Wgt= 3.29 lb/ft, Content Sp Gr= 1.500, Content Unit Wgt= 8.67 lb/ft, 
   Insul Density= 6.00 lb/cu.ft, Insul Unit Wgt= 1.76 lb/ft, Syc= 0.0 psi        
  
 POINT DATA:                                                                     
   D08, Coordinates, X= -2.00 ft, Y= -0.28 ft, Z= 9.76 ft                        
  
 SUPPORT DATA:                                                                   
   D08, Guide, Support Id= D09  1, Connected to H12, Tag No.= INT, Comp.Wt = 0.000 lb, Stiffness= RIGID          
  
 ------------------------------------------------------------------------------- 
 From D09 to D10, DY= 0.27 ft, DZ= -0.27 ft, L= 0.38 ft                     Bend 
  
 COMPONENT DATA (Bend, TIP= D09, Near= D09 N, Mid= D09 M, Far= D09 F):           
    , Radius= 4.53 inch, Bend angle= 45.00 deg, Mid point at 50.00 percent, End flanges= 0, Flex= Auto,          
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                  C O M P O N E N T   D A T A   L I S T I N G                                                    
                                                                                                                 
 ------------------------------------------------------------------------------- 
 From AD08 to AD09, DX= 0.35 ft, DZ= 0.35 ft, L= 0.49 ft                    Flex 
  
 COMPONENT DATA (Flex Jt):                                                       
   Length= 0.49 ft, Weight= 0 lb, Area= 0.0 sq.in, Kax= 300.0 lb/in, Kylat= 300.0 lb/in, Kzlat= 300.0 lb/in,     
   Ktor= 300.0 ft-lb/deg, Kybend= 300.0 ft-lb/deg, Kzbend= 300.0 ft-lb/deg       
  
 POINT DATA:                                                                     
   AD08, Coordinates, X= 368.59 ft, Y= -1.53 ft, Z= 65.03 ft                     
   AD09, Coordinates, X= 368.94 ft, Y= -1.53 ft, Z= 65.38 ft                     
  
 SUPPORT DATA:                                                                   
   AD09, Anchor, KTX= Rigid, KTY= Rigid, KTZ= Rigid, KRX= Rigid, KRY= Rigid, KRZ= Rigid                          
  
 ------------------------------------------------------------------------------- 
  
  
 Number of points in the system (Pipe + Frame + Soil): 577 + 118 + 848 = 1543    
  
  
 Weight of Empty Pipes + Weight of Contents = Total Weight of System             
        11794.9 lb     +     45249.0 lb     =       57043.9 lb                   
  

 

RPP-CALC-63780 Rev.00 5/27/2020 - 2:14 PM 73 of 185



RPP-CALC-63780, Rev. 0

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-001 Rev. 0 Page No. 81 of 192
Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE  87 
---------------------------------------------------------------------------------------------------------------- 
 
 C O O R D I N A T E S   D A T A   L I S T I N G                                                                 
                                                                                                                 
 POINT   --------COORDINATE (ft   )---------                                                                     
 NAME         X           Y           Z                                                                          
 -----   ----------- ----------- -----------                                                                     
 *** SEGMENT A                                                                   
 A00          -45.07       -0.28       -0.01                                     
 A01          -35.07       -0.28       -0.01                                     
 A02          -25.07       -0.28       -0.01                                     
 A03          -15.07       -0.28       -0.01                                     
 A04           -5.07       -0.28       -0.01                                     
 A05           -0.41       -0.28       -0.01                                     
 A06           -0.07       -0.28       -0.01                                     
 A07            0.27       -0.28       -0.01                                     
 A08            4.93       -0.28       -0.01                                     
 A09           14.93       -0.28       -0.01                                     
 A10           24.93       -0.28       -0.01                                     
 A11           34.93       -0.28       -0.01                                     
 A12           44.93       -0.28       -0.01                                     
  
 *** SEGMENT B                                                                   
 Q13            7.88       -0.28       39.56                                     
 B01            7.55       -0.28       39.23                                     
 B02            3.77       -0.28       35.44                                     
 B03            0.14       -0.28       31.81                                     
 B04 N          0.03       -0.28       31.70                                     
 B04           -0.07       -0.28       31.60                                     
 B04 M         -0.04       -0.28       31.59                                     
 B04 F         -0.07       -0.28       31.47                                     
 B05           -0.07       -0.28       31.30                                     
 B06           -0.07       -0.28       24.99                                     
 B07           -0.07       -0.28       14.99                                     
 B08           -0.07       -0.28        4.99                                     
 B09           -0.07       -0.28        0.33                                     
 A06           -0.07       -0.28       -0.01                                     
  
 *** SEGMENT C                                                                   
 C00          -47.00        6.00        3.10                                     
 C01          -37.00        6.00        3.10                                     
 C02          -27.00        6.00        3.10                                     
 C03          -17.00        6.00        3.10                                     
 C04           -7.00        6.00        3.10                                     
 C05           -2.34        6.00        3.10                                     
 C06           -2.00        6.00        3.10                                     
 C07           -1.66        6.00        3.10                                     
 C08            3.00        6.00        3.10                                     
 C09           13.00        6.00        3.10                                     
 C10           23.00        6.00        3.10                                     
 C11           33.00        6.00        3.10                                     
 C12           43.00        6.00        3.10                                     
  
 *** SEGMENT D                                                                   
 D00            6.01       -0.28       41.63                                     
 D01            5.17       -0.28       40.79                                     
 D02            1.77       -0.28       37.39                                     
 D03           -1.73       -0.28       33.89                                     
 D04 N         -1.89       -0.28       33.73                                     
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 POINT   --------COORDINATE (ft   )---------                                                                     
 NAME         X           Y           Z                                                                          
 -----   ----------- ----------- -----------                                                                     
 D04           -2.00       -0.28       33.62                                     
 D04 M         -1.97       -0.28       33.61                                     
 D04 F         -2.00       -0.28       33.47                                     
 D05           -2.00       -0.28       33.24                                     
 D06           -2.00       -0.28       26.30                                     
 D07           -2.00       -0.28       16.30                                     
 D08           -2.00       -0.28        9.76                                     
 D09 N         -2.00       -0.28        9.54                                     
 D09           -2.00       -0.28        9.38                                     
 D09 M         -2.00       -0.25        9.40                                     
 D09 F         -2.00       -0.17        9.27                                     
 D10           -2.00       -0.01        9.11                                     
 D11           -2.00        5.76        3.34                                     
 C06           -2.00        6.00        3.10                                     
  
 *** SEGMENT E                                                                   
 E00          -45.07       -0.28       -0.01                                     
 E01          -35.07       -0.28       -0.01                                     
 E02          -25.07       -0.28       -0.01                                     
 E03          -15.07       -0.28       -0.01                                     
 E04           -5.07       -0.28       -0.01                                     
 E05           -0.69       -0.28       -0.01                                     
 E06           -0.41       -0.28       -0.01                                     
 E07           -0.07       -0.28       -0.01                                     
 E08            0.27       -0.28       -0.01                                     
 E09            0.55       -0.28       -0.01                                     
 E10            4.93       -0.28       -0.01                                     
 E11           14.93       -0.28       -0.01                                     
 E12           24.93       -0.28       -0.01                                     
 E13           34.93       -0.28       -0.01                                     
 E14           44.93       -0.28       -0.01                                     
  
 *** SEGMENT F                                                                   
 E07           -0.07       -0.28       -0.01                                     
 F01           -0.07       -0.28        0.33                                     
 F02           -0.07       -0.28        0.61                                     
 F03           -0.07       -0.28        4.99                                     
 F10           -0.07       -0.28       14.99                                     
 F11           -0.07       -0.28       24.99                                     
 F13           -0.07       -0.28       30.14                                     
 F04           -0.07       -0.28       31.14                                     
 F05           -0.07       -0.28       31.30                                     
 F06 N         -0.07       -0.28       31.40                                     
 F06           -0.07       -0.28       31.60                                     
 F06 M         -0.03       -0.28       31.59                                     
 F06 F          0.08       -0.28       31.75                                     
 F07            0.14       -0.28       31.81                                     
 F08            0.25       -0.28       31.92                                     
 F14            3.77       -0.28       35.44                                     
 F12            5.73       -0.28       37.40                                     
 F09            7.49       -0.28       39.17                                     
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 POINT   --------COORDINATE (ft   )---------                                                                     
 NAME         X           Y           Z                                                                          
 -----   ----------- ----------- -----------                                                                     
 *** SEGMENT G                                                                   
 G00          -47.00        6.00        3.10                                     
 G01          -37.00        6.00        3.10                                     
 G02          -27.00        6.00        3.10                                     
 G03          -17.00        6.00        3.10                                     
 G04           -7.00        6.00        3.10                                     
 G05           -2.62        6.00        3.10                                     
 G06           -2.34        6.00        3.10                                     
 G07           -2.00        6.00        3.10                                     
 G08           -1.66        6.00        3.10                                     
 G09           -1.38        6.00        3.10                                     
 G10            3.00        6.00        3.10                                     
 G11           13.00        6.00        3.10                                     
 G12           23.00        6.00        3.10                                     
 G13           33.00        6.00        3.10                                     
 G14           43.00        6.00        3.10                                     
  
 *** SEGMENT H                                                                   
 H00            5.16       -0.28       40.77                                     
 H01            3.79       -0.28       39.41                                     
 H02            1.77       -0.28       37.38                                     
 H03           -1.62       -0.28       33.99                                     
 H04           -1.73       -0.28       33.88                                     
 H05 N         -1.81       -0.28       33.80                                     
 H05           -2.00       -0.28       33.61                                     
 H05 M         -1.95       -0.28       33.59                                     
 H05 F         -2.00       -0.28       33.35                                     
 H06           -2.00       -0.28       33.23                                     
 H07           -2.00       -0.28       33.07                                     
 H08           -2.00       -0.28       32.07                                     
 H09           -2.00       -0.28       26.30                                     
 H10           -2.00       -0.28       16.30                                     
 H11           -2.00       -0.28        9.92                                     
 H12           -2.00       -0.28        9.76                                     
 H13 N         -2.00       -0.28        9.65                                     
 H13           -2.00       -0.28        9.38                                     
 H13 M         -2.00       -0.23        9.41                                     
 H13 F         -2.00       -0.09        9.20                                     
 H14           -2.00       -0.01        9.11                                     
 H15           -2.00        0.10        9.00                                     
 H16           -2.00        5.56        3.54                                     
 H17           -2.00        5.76        3.34                                     
 G07           -2.00        6.00        3.10                                     
  
 *** SEGMENT P                                                                   
 P00           34.17       -0.75       69.79                                     
 P01 N         32.93       -0.29       68.55                                     
 P01           32.90       -0.28       68.52                                     
 P01 F         32.87       -0.28       68.49                                     
 P03           32.32       -0.28       67.94                                     
 P04           31.69       -0.28       67.31                                     
 P05           30.75       -0.28       66.38                                     
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 POINT   --------COORDINATE (ft   )---------                                                                     
 NAME         X           Y           Z                                                                          
 -----   ----------- ----------- -----------                                                                     
 P06           27.45       -0.28       63.08                                     
 P07           17.81       -0.28       53.43                                     
 P08            7.90       -0.28       43.52                                     
 P09            7.63       -0.28       43.25                                     
 P10            7.05       -0.28       42.67                                     
 P11            6.57       -0.28       42.19                                     
 P11 M          6.31       -0.28       41.93                                     
 P12            6.04       -0.28       41.66                                     
 D00            6.01       -0.28       41.63                                     
  
 *** SEGMENT Q                                                                   
 Q00           36.05       -0.74       67.72                                     
 Q01 N         34.84       -0.29       66.51                                     
 Q01           34.82       -0.28       66.49                                     
 Q01 F         34.79       -0.28       66.47                                     
 Q03           34.26       -0.28       65.94                                     
 Q04           33.73       -0.28       65.41                                     
 Q05           33.09       -0.28       64.77                                     
 Q06           30.62       -0.28       62.29                                     
 Q07           20.31       -0.28       51.98                                     
 Q08            9.67       -0.28       41.35                                     
 Q09            9.42       -0.28       41.09                                     
 Q10            8.95       -0.28       40.62                                     
 Q11            8.39       -0.28       40.06                                     
 Q11 M          8.15       -0.28       39.82                                     
 Q12            7.91       -0.28       39.59                                     
 Q13            7.88       -0.28       39.56                                     
  
 *** SEGMENT R                                                                   
 R00           38.94       -1.02       65.05                                     
 R01 N         37.00       -0.29       63.10                                     
 R01           36.97       -0.28       63.07                                     
 R01 F         36.93       -0.28       63.04                                     
 R03           36.39       -0.28       62.49                                     
 R04           35.76       -0.28       61.86                                     
 R05           34.82       -0.28       60.92                                     
 R06           31.52       -0.28       57.62                                     
 R07           22.56       -0.28       48.67                                     
 R08           16.02       -0.28       42.12                                     
 R08 M         15.75       -0.28       41.86                                     
 R10           15.49       -0.28       41.59                                     
 R11           13.01       -0.28       39.12                                     
 R12           12.74       -0.28       38.85                                     
 R13           12.13       -0.28       38.23                                     
 R14           11.68       -0.28       37.79                                     
 R14 M         11.47       -0.28       37.58                                     
 R15           11.26       -0.28       37.37                                     
 R16           11.26       -0.28       37.36                                     
 R17           11.25       -0.28       37.36                                     
 R17 M         11.01       -0.28       37.11                                     
 R18           10.77       -0.28       36.87                                      
 
 
 
---------------------------------------------------------------------------------------------------------------- 
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                      P I P E   D A T A   L I S T I N G                                                          
                                                                                                                 
 Pipe ID/     Nom/ I.D.  -----Thickness(inch)----- Spec  InsuDen/   Weight(lb/ft )    ZL/ Composition/           
 Material     Sch  inch  W.Th. Corr Mill Insu Ling Grav/ LingDen/  Pipe/ Ling/ Total  ZC                         
 CladMaterial            Clad                      InsMt CladDen   Cont  Insu/                                   
 ---Line Class---                                        lb/cu.ft        Clad                                    
 ------------ ---- ----- ----- ---- ---- ---- ---- ----- --------  ----- ----- ----- ---- --------------------   
  
 Tag No. : <None>                                                                
 3CON40      3.000 3.120 0.135    0      2.00    0  1.50    6.000   1.11     0  7.49 1.00                        
 NS           NS                                   Other    0.000   4.97  1.41       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 4CON40         4  4.120 0.160    0      2.00    0  1.50    6.000   1.73     0 12.08 1.00                        
 NS           NS                                   Other    0.000   8.67  1.69       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 6CON30         6  6.120 0.110    0      2.00    0  1.50    6.000   1.73     0 23.04 1.00                        
 NS           NS                                   Other    0.000  19.12  2.18       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 8CON30         8  8.120 0.110    0      2.00    0  1.50    6.000   2.29     0 38.65 1.00                        
 NS           NS                                   Other    0.000  33.66  2.71       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 FITT3       3.000 3.120 0.295    0      2.00    0  1.50    6.000   2.55     0  9.01 1.00                        
 NS           NS                                   Other    0.000   4.97  1.49       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 FITT6          6  6.120 0.410    0      2.00    0  1.50    6.000   6.76     0 28.23 1.00                        
 NS           NS                                   Other    0.000  19.12  2.34       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 FITT8          8  8.120 0.410    0      2.00    0  1.50    6.000   8.84     0 45.36 1.00                        
 NS           NS                                   Other    0.000  33.66  2.86       1.00                        
                             0                              0.000            0                                   
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---------------------------------------------------------------------------------------------------------------- 
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---------------------------------------------------------------------------------------------------------------- 
 
                      P I P E   D A T A   L I S T I N G                                                          
                                                                                                                 
 Pipe ID/     Nom/ I.D.  -----Thickness(inch)----- Spec  InsuDen/   Weight(lb/ft )    ZL/ Composition/           
 Material     Sch  inch  W.Th. Corr Mill Insu Ling Grav/ LingDen/  Pipe/ Ling/ Total  ZC                         
 CladMaterial            Clad                      InsMt CladDen   Cont  Insu/                                   
 ---Line Class---                                        lb/cu.ft        Clad                                    
 ------------ ---- ----- ----- ---- ---- ---- ---- ----- --------  ----- ----- ----- ---- --------------------   
 Tag No. : <None>                                                                
 FITT4          4  4.120 0.295    0      2.00    0  1.50    6.000   3.29     0 13.71 1.00                        
 NS           NS                                   Other    0.000   8.67  1.76       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 3INSCH40    3.000 3.068 0.208 0.01      1.00    0  1.50    3.500   7.75     0 12.90 1.00                        
 NS           NS                                   Other    0.000   4.81  0.34       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 4INSCH40       4  4.026 0.229 0.01      1.00    0  1.50    3.500  11.04     0 19.74 1.00                        
 NS           NS                                   Other    0.000   8.27  0.42       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 8INSCH40       8  7.981 0.322 0.01      1.00    0  1.50    3.500  29.98     0 63.23 1.00                        
 NS           NS                                   Other    0.000  32.52  0.74       1.00                        
                             0                              0.000            0                                   
                                                                                 
  
  
 Tag No. : <None>                                                                
 12BOND        12 12.450 0.179    0      2.00    0  1.50    6.000   5.71     0 88.72 1.00                        
 NS           NS                                   Other    0.000  79.13  3.88       1.00                        
                             0                              0.000            0                                   
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---------------------------------------------------------------------------------------------------------------- 
 
               M A T E R I A L   D A T A   L I S T I N G                                                         
                                                                                                                 
  Material              Density   A2.  A3.  Temp.  Expans.   Long. Mod.  Temp.          Poisson                  
    Name      Pipe ID   lb/cu.ft  fac  fac  deg F  in/100ft  E6 psi      A1-fac  K-fac  Ea/Eh*Vh/a               
------------  --------  --------  ---  ---  -----  --------  ----------  ------  -----  ----------               
 NS          3CON40      115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
  
 NS          FITT3       115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
  
 NS          4CON40      115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
  
 NS          FITT4       115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
  
 NS          6CON30      115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            100.0       0.5      1.6900    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
  
 NS          FITT6       115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            100.0       0.5      1.6900    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
  
 NS          8CON30      115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            100.0       0.5      1.6900    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
  
 NS          FITT8       115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            100.0       0.5      1.6900    1.00   0.85        0.23 
                                             32.0      -0.5      1.8600    1.00   0.85        0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
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---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 103 
---------------------------------------------------------------------------------------------------------------- 
 
               M A T E R I A L   D A T A   L I S T I N G                                                         
                                                                                                                 
  Material              Density   A2.  A3.  Temp.  Expans.   Long. Mod.  Temp.          Poisson                  
    Name      Pipe ID   lb/cu.ft  fac  fac  deg F  in/100ft  E6 psi      A1-fac  K-fac  Ea/Eh*Vh/a               
------------  --------  --------  ---  ---  -----  --------  ----------  ------  -----  ----------               
 NS          4INSCH40    501.000  1.0  1.0   60.0       0.0     28.3408                       0.30 
                                            150.0       1.0     27.8700   16.70   0.85        0.30 
                                            -25.0      -1.1     28.6900   16.70   0.85        0.30 
                                            120.0       0.6     28.0300    1.00   0.85        0.30 
  
 NS          3INSCH40    501.000  1.0  1.0   60.0       0.0     28.3408                       0.30 
                                            150.0       1.0     27.8700   16.70   0.85        0.30 
                                            -25.0      -1.1     28.6900   16.70   0.85        0.30 
                                            120.0       0.6     28.0300    1.00   0.85        0.30 
  
 NS          12BOND      115.800  1.0  1.0   60.0       0.0      1.7500                       0.23 
                                            150.0       1.0      1.5600    1.00   0.85        0.23 
                                            -25.0      -1.2      2.0100    1.00   0.85        0.23 
                                            120.0       0.7      1.6300    1.00   0.85        0.23 
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LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 104 
---------------------------------------------------------------------------------------------------------------- 
 
         M A T E R I A L   A L L O W A B L E   D A T A   L I S T I N G                                           
                                                                                                                 
  Material            Temper.  al(0:1)  al(2:1)  hl(2:1)=Qs  al(1:1)  hl(1:1)                                    
    Name     Pipe ID   deg F    psi      psi      psi         psi      psi                                       
 ----------- -------- -------  -------  -------  ----------  -------  -------                                    
 NS          3CON40      60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        120.0 
                         32.0 
                        150.0 
                        -25.0 
  
 NS          FITT3       60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        120.0 
                         32.0 
                        150.0 
                        -25.0 
  
 NS          4CON40      60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        120.0 
                         32.0 
                        150.0 
                        -25.0 
  
 NS          FITT4       60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        120.0 
                         32.0 
                        150.0 
                        -25.0 
  
 NS          6CON30      60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        100.0 
                         32.0 
                        150.0 
                        -25.0 
                        120.0 
  
 NS          FITT6       60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        100.0 
                         32.0 
                        150.0 
                        -25.0 
  
 NS          8CON30      60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        100.0 
                         32.0 
                        150.0 
                        -25.0 
                        120.0 
  
 NS          FITT8       60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        100.0 
                         32.0 
                        150.0 
                        -25.0 
                        120.0 
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LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 105 
---------------------------------------------------------------------------------------------------------------- 
 
         M A T E R I A L   A L L O W A B L E   D A T A   L I S T I N G                                           
                                                                                                                 
  Material            Temper.  al(0:1)  al(2:1)  hl(2:1)=Qs  al(1:1)  hl(1:1)                                    
    Name     Pipe ID   deg F    psi      psi      psi         psi      psi                                       
 ----------- -------- -------  -------  -------  ----------  -------  -------                                    
 NS          4INSCH40    60.0  16700.0  16700.0     16700.0      0.0      0.0 
                        150.0 
                        -25.0 
                        120.0 
  
 NS          3INSCH40    60.0  16700.0  16700.0     16700.0      0.0      0.0 
                        150.0 
                        -25.0 
                        120.0 
  
 NS          12BOND      60.0   6454.0   7272.0     12571.0      0.0      0.0 
                        150.0 
                        -25.0 
                        120.0 
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LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 106 
---------------------------------------------------------------------------------------------------------------- 
 
        OPERATING TEMPERATURE AND PRESSURE DATA                                                                  
                    STRESSES IN psi                                                                              
                                                                                                                 
 POINT       PRESS. TEMPER  EXPAN.      MODULUS                         HOT                                      
 NAME  CASE  psi    deg F   in/100ft    E6 psi     A1-FAC     K-FAC     Va/h                                     
 ----  ----  ------ ------  --------    -------    ------     -----     -----                                    
  
 *** SEGMENT A  
 A00   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
 A05   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.202p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.202p 
 A07   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
 A12    Same as previous point.           
  
 *** SEGMENT B  
 Q13   T1       150    150     1.026*     1.560*     1.00      0.85      0.23* 
                               0.420p 
       T2         0 -25.00    -1.197*     2.010*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
 B03   T1       150    150     1.026*     1.560*     1.00      0.85      0.23* 
                               0.202p 
       T2         0 -25.00    -1.197*     2.010*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.202p 
 B05   T1       150    150     1.026*     1.560*     1.00      0.85      0.23* 
                               0.420p 
       T2         0 -25.00    -1.197*     2.010*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
 B07   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.420p 
 B09   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.202p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
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---------------------------------------------------------------------------------------------------------------- 
 
        OPERATING TEMPERATURE AND PRESSURE DATA                                                                  
                    STRESSES IN psi                                                                              
                                                                                                                 
 POINT       PRESS. TEMPER  EXPAN.      MODULUS                         HOT                                      
 NAME  CASE  psi    deg F   in/100ft    E6 psi     A1-FAC     K-FAC     Va/h                                     
 ----  ----  ------ ------  --------    -------    ------     -----     -----                                    
                               0.202p 
 A06    Same as previous point.           
  
 *** SEGMENT C  
 C00   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
 C05   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.261p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.261p 
 C07   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
 C12    Same as previous point.           
  
 *** SEGMENT D  
 D00   T1       150    150     1.026*     1.560*     1.00      0.85      0.23* 
                               0.466p 
       T2         0 -25.00    -1.197*     2.010*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
 D03   T1       150    150     1.026*     1.560*     1.00      0.85      0.23* 
                               0.261p 
       T2         0 -25.00    -1.197*     2.010*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.261p 
 D05   T1       150    150     1.026*     1.560*     1.00      0.85      0.23* 
                               0.466p 
       T2         0 -25.00    -1.197*     2.010*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
 D07   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p 
       T3       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.466p 
 D08   T1       150    120     0.684*     1.630*     1.00      0.85      0.23* 
                               0.261p 
       T2         0  32.00    -0.547*     1.860*     1.00      0.85      0.23* 
                               0.000p  
---------------------------------------------------------------------------------------------------------------- 

***BREAK IN DATA***
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LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 120 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                            SOIL DATA LISTING                                    
                            -----------------                                    
                                                                                 
                                                                                 
                        SOIL STIFFNESS PROPERTIES (6"SOIL)                       
                                                                                 
                    Initial K         Yield P     Final K    Yield disp          
      Dirn    Auto  (lb/in/ft) Auto  (lb/ft  )   (lb/in/ft)   (in    )           
      ------- ----  ---------- ----  ----------  ----------  ----------          
                                                                                 
  Low Stiffness                                                                  
      Horiz.   N      3116.494  N      2917.039       0.100      0.9360          
      Long.    N      1363.759  N       272.752       0.100      0.2000          
      Vert. Up N      2731.644  N      1704.545       0.100      0.6240          
      Vert. Dn N      8060.909  N      5030.007       0.100      0.6240          
                                                                                 
                                                                                 
  High Stiffness                                                                 
      Horiz.   N      3116.494  N      2917.039       0.100      0.9360          
      Long.    N      1363.759  N       272.752       0.100      0.2000          
      Vert. Up N      2731.644  N      1704.545       0.100      0.6240          
      Vert. Dn N      8060.909  N      5030.007       0.100      0.6240          
                                                                                 
                                                                                 
  Average Stiffness                                                              
      Horiz.   N     12540.000  N     10001.000       0.100      0.7975          
      Long.    N      4901.000  N       490.000       0.100      0.1000          
      Vert. Up N     12216.000  N      7794.000       0.100      0.6380          
      Vert. Dn N     27315.000  N     34854.000       0.100      1.2760          
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---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 121 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                SOIL PARAMETERS (6"SOIL)                         
                                ------------------------                         
                                                                                 
  Calculation Method :  User                                                     
                                                                                 
  Parameters                                            Low          High       Average                          
  -----------------------------------------------    ----------   ----------   ----------                        
  Outside Diameter, D [in]                                 6.57                  
  Depth to Centerline, H [inch]                          105.94                  
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LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
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---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                VIRTUAL ANCHOR DATA (6"SOIL)                     
                                ----------------------------                     
                                                                                 
  Pipe Identifier            :   6CON30                                          
  Point name for temp. data  :   A03                                             
  Operating Case             :   OP1                                             
  Thermal Expansion          :       0.684 in/100ft                              
  Temperature Change         :      60.000 deg F                                 
  Operating Pressure         :     150.000 psi                                   
  Virtual Anchor lengths  Lm :      22.624 ft                                    
                          La :      45.248 ft                                    
                          Lb :       5.220 ft                                    
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04/24/2020                                                        BENTLEY                                        
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---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                                                                 
                        SOIL STIFFNESS PROPERTIES (8USOIL)                       
                                                                                 
                    Initial K         Yield P     Final K    Yield disp          
      Dirn    Auto  (lb/in/ft) Auto  (lb/ft  )   (lb/in/ft)   (in    )           
      ------- ----  ---------- ----  ----------  ----------  ----------          
                                                                                 
  Low Stiffness                                                                  
      Horiz.   N      5770.000  N      6044.000       0.100      1.0475          
      Long.    N      2742.000  N       274.000       0.100      0.0999          
      Vert. Up N      2089.000  N      1414.000       0.100      0.6769          
      Vert. Dn N     12825.000  N     21495.000       0.100      1.6760          
                                                                                 
                                                                                 
  High Stiffness                                                                 
      Horiz.   N      3502.522  N      1702.226       0.100      0.4860          
      Long.    N       708.106  N       141.621       0.100      0.2000          
      Vert. Up N      5260.942  N      1704.545       0.100      0.3240          
      Vert. Dn N      7871.595  N      2550.397       0.100      0.3240          
                                                                                 
                                                                                 
  Average Stiffness                                                              
      Horiz.   N      3502.522  N      1702.226       0.100      0.4860          
      Long.    N       708.106  N       141.621       0.100      0.2000          
      Vert. Up N      5260.942  N      1704.545       0.100      0.3240          
      Vert. Dn N      7871.595  N      2550.397       0.100      0.3240          
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 124 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                SOIL PARAMETERS (8USOIL)                         
                                ------------------------                         
                                                                                 
  Calculation Method :  User                                                     
                                                                                 
  Parameters                                            Low          High       Average                          
  -----------------------------------------------    ----------   ----------   ----------                        
  Outside Diameter, D [in]                                 8.60                  
  Depth to Centerline, H [inch]                          105.94                  
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                VIRTUAL ANCHOR DATA (8USOIL)                     
                                ----------------------------                     
                                                                                 
  Pipe Identifier            :   3CON40                                          
  Point name for temp. data  :   A06                                             
  Operating Case             :   OP1                                             
  Thermal Expansion          :       0.684 in/100ft                              
  Temperature Change         :      60.000 deg F                                 
  Operating Pressure         :     150.000 psi                                   
  Virtual Anchor lengths  Lm :      11.010 ft                                    
                          La :      22.019 ft                                    
                          Lb :       3.060 ft                                    
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Title: LERF Basin 41 Buried Piping Analysis
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                                                                 
                        SOIL STIFFNESS PROPERTIES (8LSOIL)                       
                                                                                 
                    Initial K         Yield P     Final K    Yield disp          
      Dirn    Auto  (lb/in/ft) Auto  (lb/ft  )   (lb/in/ft)   (in    )           
      ------- ----  ---------- ----  ----------  ----------  ----------          
                                                                                 
  Low Stiffness                                                                  
      Horiz.   N     17341.000  N     18165.000       0.100      1.0475          
      Long.    N      6437.000  N       644.000       0.100      0.1000          
      Vert. Up N      9301.000  N      7794.000       0.100      0.8380          
      Vert. Dn N     27735.000  N     46484.000       0.100      1.6760          
                                                                                 
                                                                                 
  High Stiffness                                                                 
      Horiz.   N      3502.522  N      1702.226       0.100      0.4860          
      Long.    N       708.106  N       141.621       0.100      0.2000          
      Vert. Up N      5260.942  N      1704.545       0.100      0.3240          
      Vert. Dn N      7871.595  N      2550.397       0.100      0.3240          
                                                                                 
                                                                                 
  Average Stiffness                                                              
      Horiz.   N      3502.522  N      1702.226       0.100      0.4860          
      Long.    N       708.106  N       141.621       0.100      0.2000          
      Vert. Up N      5260.942  N      1704.545       0.100      0.3240          
      Vert. Dn N      7871.595  N      2550.397       0.100      0.3240          
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 127 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                SOIL PARAMETERS (8LSOIL)                         
                                ------------------------                         
                                                                                 
  Calculation Method :  User                                                     
                                                                                 
  Parameters                                            Low          High       Average                          
  -----------------------------------------------    ----------   ----------   ----------                        
  Outside Diameter, D [in]                                 8.60                  
  Depth to Centerline, H [inch]                           45.13                  
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                                                                                 
                                VIRTUAL ANCHOR DATA (8LSOIL)                     
                                ----------------------------                     
                                                                                 
  Pipe Identifier            :   3CON40                                          
  Point name for temp. data  :   A06                                             
  Operating Case             :   OP1                                             
  Thermal Expansion          :       0.684 in/100ft                              
  Temperature Change         :      60.000 deg F                                 
  Operating Pressure         :     150.000 psi                                   
  Virtual Anchor lengths  Lm :      11.010 ft                                    
                          La :      22.019 ft                                    
                          Lb :       3.060 ft                                    
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     EARTHQUAKE LOAD CASES : 
     ----------------------- 
 
     Number of load cases :  8 
 
     Load case 1  -  E1  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =        0.123    Y-Resultant =        0.082    Z-Resultant =        0.123                 
 
     Load case 2  -  E2  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =        0.123    Y-Resultant =        0.082    Z-Resultant =       -0.123                 
 
     Load case 3  -  E3  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =        0.123    Y-Resultant =       -0.082    Z-Resultant =        0.123                 
 
     Load case 4  -  E4  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =        0.123    Y-Resultant =       -0.082    Z-Resultant =       -0.123                 
 
     Load case 5  -  E5  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =       -0.123    Y-Resultant =        0.082    Z-Resultant =        0.123                 
 
     Load case 6  -  E6  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =       -0.123    Y-Resultant =        0.082    Z-Resultant =       -0.123                 
 
     Load case 7  -  E7  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =       -0.123    Y-Resultant =       -0.082    Z-Resultant =        0.123                 
 
     Load case 8  -  E8  
 
          Seismic Code :  User-defined                             
 
          X-Resultant =       -0.123    Y-Resultant =       -0.082    Z-Resultant =       -0.123                 
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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---------------------------------------------------------------------------------------------------------------- 
 
             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     WIND LOAD CASES : 
     ----------------- 
 
     Number of load cases :  4 
 
     Ground elevation for wind :      -3.50 ft        
 
     Wind shape factor multiplier for piping:  1.000 
 
     Wind shape factor multiplier for beams:   1.000 
 
     Exposure factor for buried pipes :  0.000 
 
     Exposure factor for submerged pipes :  0.000 
 
     Exposed Segments -  
 
     Wind application method : Projected  
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 1  -  W1  
 
     Direction  -      X=   0.707     Y=   0.000     Z=   0.707 
 
     ASCE 7-2010 
 
     Basic wind speed at 33 ft (10m): 110.00 mph   
 
     Exposure category : C 
 
     Gust effect factor (G) :   0.85 
 
     Force coefficient (Cf), Figure 29.5-1 : Automatic  
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       0.700      26.295      15.646 
           10.0       0.849       0.700      26.295      15.646 
           20.0       0.902       0.700      27.937      16.622 
           33.0       1.002       0.700      31.043      18.471 
           50.0       1.094       0.700      33.881      20.159 
           75.0       1.191       0.700      36.900      21.955 
          100.0       1.266       0.700      39.204      23.326 
          200.0       1.464       0.700      45.363      26.991 
          500.0       1.776       0.700      55.015      32.734 
         1000.0       2.010       0.700      62.262      37.046 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
  
     Per ASCE Figure 29.5-1, wind appl. method should be "Projected" 
     Default Gust Factor G assumes pipe frequency > 1 Hz.  
     Piping is assumed not to be on an isolated hill (Kzt=1).  
     Automatic Cf reported in chart above is calculated  
     assuming D=1 ft. Program uses actual Pipe OD to  
     calculate Cf at height during analysis. 
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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---------------------------------------------------------------------------------------------------------------- 
 
             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 1  -  W1  
 
     Structural members wind load application data      
 
     Structural members wind facing width:    Wind facing     
 
     Gust effect factor (G) for structures (manual):     0.85 
 
     Force coefficient (Cf) for structures (manual):    2.000 
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       2.000      26.295      44.702 
           10.0       0.849       2.000      26.295      44.702 
           20.0       0.902       2.000      27.937      47.493 
           33.0       1.002       2.000      31.043      52.773 
           50.0       1.094       2.000      33.881      57.597 
           75.0       1.191       2.000      36.900      62.730 
          100.0       1.266       2.000      39.204      66.646 
          200.0       1.464       2.000      45.363      77.117 
          500.0       1.776       2.000      55.015      93.525 
         1000.0       2.010       2.000      62.262     105.845 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 2  -  W2  
 
     Direction  -      X=  -0.707     Y=   0.000     Z=  -0.707 
 
     ASCE 7-2010 
 
     Basic wind speed at 33 ft (10m): 110.00 mph   
 
     Exposure category : C 
 
     Gust effect factor (G) :   0.85 
 
     Force coefficient (Cf), Figure 29.5-1 : Automatic  
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       0.700      26.295      15.646 
           10.0       0.849       0.700      26.295      15.646 
           20.0       0.902       0.700      27.937      16.622 
           33.0       1.002       0.700      31.043      18.471 
           50.0       1.094       0.700      33.881      20.159 
           75.0       1.191       0.700      36.900      21.955 
          100.0       1.266       0.700      39.204      23.326 
          200.0       1.464       0.700      45.363      26.991 
          500.0       1.776       0.700      55.015      32.734 
         1000.0       2.010       0.700      62.262      37.046 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
  
     Per ASCE Figure 29.5-1, wind appl. method should be "Projected" 
     Default Gust Factor G assumes pipe frequency > 1 Hz.  
     Piping is assumed not to be on an isolated hill (Kzt=1).  
     Automatic Cf reported in chart above is calculated  
     assuming D=1 ft. Program uses actual Pipe OD to  
     calculate Cf at height during analysis. 
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 2  -  W2  
 
     Structural members wind load application data      
 
     Structural members wind facing width:    Wind facing     
 
     Gust effect factor (G) for structures (manual):     0.85 
 
     Force coefficient (Cf) for structures (manual):    2.000 
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       2.000      26.295      44.702 
           10.0       0.849       2.000      26.295      44.702 
           20.0       0.902       2.000      27.937      47.493 
           33.0       1.002       2.000      31.043      52.773 
           50.0       1.094       2.000      33.881      57.597 
           75.0       1.191       2.000      36.900      62.730 
          100.0       1.266       2.000      39.204      66.646 
          200.0       1.464       2.000      45.363      77.117 
          500.0       1.776       2.000      55.015      93.525 
         1000.0       2.010       2.000      62.262     105.845 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
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---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  MODEL  PAGE 135 
---------------------------------------------------------------------------------------------------------------- 
 
             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 3  -  W3  
 
     Direction  -      X=  -0.707     Y=   0.000     Z=   0.707 
 
     ASCE 7-2010 
 
     Basic wind speed at 33 ft (10m): 110.00 mph   
 
     Exposure category : C 
 
     Gust effect factor (G) :   0.85 
 
     Force coefficient (Cf), Figure 29.5-1 : Automatic  
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       0.700      26.295      15.646 
           10.0       0.849       0.700      26.295      15.646 
           20.0       0.902       0.700      27.937      16.622 
           33.0       1.002       0.700      31.043      18.471 
           50.0       1.094       0.700      33.881      20.159 
           75.0       1.191       0.700      36.900      21.955 
          100.0       1.266       0.700      39.204      23.326 
          200.0       1.464       0.700      45.363      26.991 
          500.0       1.776       0.700      55.015      32.734 
         1000.0       2.010       0.700      62.262      37.046 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
  
     Per ASCE Figure 29.5-1, wind appl. method should be "Projected" 
     Default Gust Factor G assumes pipe frequency > 1 Hz.  
     Piping is assumed not to be on an isolated hill (Kzt=1).  
     Automatic Cf reported in chart above is calculated  
     assuming D=1 ft. Program uses actual Pipe OD to  
     calculate Cf at height during analysis. 
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---------------------------------------------------------------------------------------------------------------- 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 3  -  W3  
 
     Structural members wind load application data      
 
     Structural members wind facing width:    Wind facing     
 
     Gust effect factor (G) for structures (manual):     0.85 
 
     Force coefficient (Cf) for structures (manual):    2.000 
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       2.000      26.295      44.702 
           10.0       0.849       2.000      26.295      44.702 
           20.0       0.902       2.000      27.937      47.493 
           33.0       1.002       2.000      31.043      52.773 
           50.0       1.094       2.000      33.881      57.597 
           75.0       1.191       2.000      36.900      62.730 
          100.0       1.266       2.000      39.204      66.646 
          200.0       1.464       2.000      45.363      77.117 
          500.0       1.776       2.000      55.015      93.525 
         1000.0       2.010       2.000      62.262     105.845 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
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---------------------------------------------------------------------------------------------------------------- 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 4  -  W4  
 
     Direction  -      X=   0.707     Y=   0.000     Z=  -0.707 
 
     ASCE 7-2010 
 
     Basic wind speed at 33 ft (10m): 110.00 mph   
 
     Exposure category : C 
 
     Gust effect factor (G) :   0.85 
 
     Force coefficient (Cf), Figure 29.5-1 : Automatic  
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       0.700      26.295      15.646 
           10.0       0.849       0.700      26.295      15.646 
           20.0       0.902       0.700      27.937      16.622 
           33.0       1.002       0.700      31.043      18.471 
           50.0       1.094       0.700      33.881      20.159 
           75.0       1.191       0.700      36.900      21.955 
          100.0       1.266       0.700      39.204      23.326 
          200.0       1.464       0.700      45.363      26.991 
          500.0       1.776       0.700      55.015      32.734 
         1000.0       2.010       0.700      62.262      37.046 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
  
     Per ASCE Figure 29.5-1, wind appl. method should be "Projected" 
     Default Gust Factor G assumes pipe frequency > 1 Hz.  
     Piping is assumed not to be on an isolated hill (Kzt=1).  
     Automatic Cf reported in chart above is calculated  
     assuming D=1 ft. Program uses actual Pipe OD to  
     calculate Cf at height during analysis. 
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             L O A D S   S U M M A R Y   D A T A   L I S T I N G                                                 
 
     Load case 4  -  W4  
 
     Structural members wind load application data      
 
     Structural members wind facing width:    Wind facing     
 
     Gust effect factor (G) for structures (manual):     0.85 
 
     Force coefficient (Cf) for structures (manual):    2.000 
 
     ASCE 7-10 PARAMETERS AS A FUNCTION OF HEIGHT  
 
         HEIGHT       Kz          Cf          Qz       Pressure  
         (ft  )                            (psf   )    (psf   )     
       ----------  ----------  ----------  ----------  --------  
 
            0.0       0.849       2.000      26.295      44.702 
           10.0       0.849       2.000      26.295      44.702 
           20.0       0.902       2.000      27.937      47.493 
           33.0       1.002       2.000      31.043      52.773 
           50.0       1.094       2.000      33.881      57.597 
           75.0       1.191       2.000      36.900      62.730 
          100.0       1.266       2.000      39.204      66.646 
          200.0       1.464       2.000      45.363      77.117 
          500.0       1.776       2.000      55.015      93.525 
         1000.0       2.010       2.000      62.262     105.845 
  
     Kz = Velocity pressure exposure coefficient  
     Cf = Force coefficient or wind shape factor  
     Qz = Velocity pressure = 0.00256*Kz*Kzt*V^2  (Eq. 27.3-1)  
     Pressure               = Qz*G*Cf                (Eq. 23)  
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                               S U P P O R T   D A T A   L I S T I N G                                           
                                                                                                                 
 Point Support  Support Conn.to Comp.Wt  Stiff.     Gap 1   Gap 2  Fric. GapSet Preload Ld.Var Size    Figure    
 Name   Type      ID     /Dir    (lb)               (in)    (in)   Fact. /#hgr   (lbf)                           
 ----- -------- ------- ------- ------- ---------- ------- ------- ----- ------ ------- ------ ---- ------------ 
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A01   Guide-V  A03  1  E01       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A03  1  E01       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A02   Guide-V  A04  1  E02       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A04  1  E02       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A03   Guide-V  A05  1  E03       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A05  1  E03       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A04   Guide-V  A06  1  E04       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A06  1  E04       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A05   Guide-V  A12  1  E06       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A12  1  E06       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A07   Guide-V  A11  1  E08       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A11  1  E08       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A08   Guide-V  A07  1  E10       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A07  1  E10       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A09   Guide-V  A08  1  E11       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A08  1  E11       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A10   Guide-V  A09  1  E12       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A09  1  E12       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 A11   Guide-V  A10  1  E13       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  A10  1  E13       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 B02   Guide-V  B11  1  F14       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B11  1  F14       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 B03   Guide-V  B05  1  F07       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B05  1  F07       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 B05   Guide-V  B06  1  F05       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B06  1  F05       0.000 Rigid        0.000   0.000  0.00         
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                               S U P P O R T   D A T A   L I S T I N G                                           
                                                                                                                 
 Point Support  Support Conn.to Comp.Wt  Stiff.     Gap 1   Gap 2  Fric. GapSet Preload Ld.Var Size    Figure    
 Name   Type      ID     /Dir    (lb)               (in)    (in)   Fact. /#hgr   (lbf)                           
 ----- -------- ------- ------- ------- ---------- ------- ------- ----- ------ ------- ------ ---- ------------ 
 Tag No.: INT                                   Attachment ID: <None>                                            
 B06   Guide-V  B08  1  F11       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B08  1  F11       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 B07   Guide-V  B07  2  F10       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B07  2  F10       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 B08   Guide-V  B03  1  F03       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B03  1  F03       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 B09   Guide-V  B07  1  F01       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  B07  1  F01       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C01   Guide-V  C03  1  G01       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C03  1  G01       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C02   Guide-V  C04  1  G02       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C04  1  G02       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C03   Guide-V  C05  1  G03       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C05  1  G03       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C04   Guide-V  C06  1  G04       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C06  1  G04       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C05   Guide-V  C13  1  G06       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C13  1  G06       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C07   Guide-V  C12  1  G08       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C12  1  G08       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C08   Guide-V  C07  1  G10       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C07  1  G10       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C09   Guide-V  C08  1  G11       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C08  1  G11       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 C10   Guide-V  C09  1  G12       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C09  1  G12       0.000 Rigid        0.000   0.000  0.00         
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                               S U P P O R T   D A T A   L I S T I N G                                           
                                                                                                                 
 Point Support  Support Conn.to Comp.Wt  Stiff.     Gap 1   Gap 2  Fric. GapSet Preload Ld.Var Size    Figure    
 Name   Type      ID     /Dir    (lb)               (in)    (in)   Fact. /#hgr   (lbf)                           
 ----- -------- ------- ------- ------- ---------- ------- ------- ----- ------ ------- ------ ---- ------------ 
 Tag No.: INT                                   Attachment ID: <None>                                            
 C11   Guide-V  C10  1  G13       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  C10  1  G13       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D02   Guide-V  D13  1  H02       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D13  1  H02       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D03   Guide-V  D05  1  H04       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D05  1  H04       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D05   Guide-V  D06  1  H06       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D06  1  H06       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D06   Guide-V  D10  2  H09       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D10  2  H09       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D07   Guide-V  D09  2  H10       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D09  2  H10       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D08   Guide-V  D09  1  H12       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D09  1  H12       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D10   Guide-V  D10  1  H14       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D10  1  H14       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: INT                                   Attachment ID: <None>                                            
 D11   Guide-V  D07  1  H17       0.000 Rigid        0.000   0.000  0.00         
       Guide-H  D07  1  H17       0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: NEW OFF BASIN 41                      Attachment ID: <None>                                            
 F13   Guide-V  F13  1  5263      0.000 Rigid        0.000   0.040  0.00  Weightless                             
       Guide-H  F13  1  5263      0.000 Rigid        0.063   0.063  0.00  Weightless                             
  
 Tag No.: NEW-ON BASIN 41                       Attachment ID: <None>                                            
 F12   Guide-V  F12  1  5169      0.000 Rigid        0.000   0.125  0.00  Weightless                             
       Guide-H  F12  1  5169      0.000 Rigid        0.062   0.062  0.00  Weightless                             
  
 Tag No.: NEW-ON BASIN 41                       Attachment ID: <None>                                            
 H01   Guide-V  H16  1  5197      0.000 Rigid        0.000   0.125  0.00  Weightless                             
       Guide-H  H16  1  5197      0.000 Rigid        0.062   0.062  0.00  Weightless                             
  
 Tag No.: NEW OFF BASIN 41                      Attachment ID: <None>                                            
 H08   Guide-V  H08  1  5401      0.000 Rigid        0.000   0.040  0.00  Weightless                             
       Guide-H  H08  1  5401      0.000 Rigid        0.063   0.063  0.00  Weightless                             
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                               S U P P O R T   D A T A   L I S T I N G                                           
                                                                                                                 
 Point Support  Support Conn.to Comp.Wt  Stiff.     Gap 1   Gap 2  Fric. GapSet Preload Ld.Var Size    Figure    
 Name   Type      ID     /Dir    (lb)               (in)    (in)   Fact. /#hgr   (lbf)                           
 ----- -------- ------- ------- ------- ---------- ------- ------- ----- ------ ------- ------ ---- ------------ 
 Tag No.: F07                                   Attachment ID: <None>                                            
 P05   Guide-V  P05  2  5105      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  P05  2  5105      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: F12                                   Attachment ID: <None>                                            
 P06   Guide-V  P06  2  5138      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  P06  2  5138      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: F08                                   Attachment ID: <None>                                            
 P07   Guide-V  P07  2  5107      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  P07  2  5107      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: F09                                   Attachment ID: <None>                                            
 P10   Guide-V  P10  2  5127      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  P10  2  5127      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: Valve Support                         Attachment ID: <None>                                            
 P11 M Shoe     P11 M1  Ground    0.000 Rigid        0.000 100.000  0.00  Weightless                             
  
 Tag No.: G07                                   Attachment ID: <None>                                            
 Q05   Guide-V  Q05  2  5101      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  Q05  2  5101      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: G12                                   Attachment ID: <None>                                            
 Q06   Guide-V  Q06  2  5144      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  Q06  2  5144      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: G08                                   Attachment ID: <None>                                            
 Q07   Guide-V  Q07  2  5103      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  Q07  2  5103      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: G10                                   Attachment ID: <None>                                            
 Q10   Guide-V  Q10  2  5125      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  Q10  2  5125      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: Valve Support                         Attachment ID: <None>                                            
 Q11 M Shoe     Q11 M1  Ground    0.000 Rigid        0.000 100.000  0.00  Weightless                             
  
 Tag No.: H13                                   Attachment ID: <None>                                            
 R05   Guide-V  R05  2  5097      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  R05  2  5097      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: H17                                   Attachment ID: <None>                                            
 R06   Guide-V  R06  2  5140      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  R06  2  5140      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: H14                                   Attachment ID: <None>                                            
 R07   Guide-V  R07  2  5099      0.000 Rigid        0.000   0.000  0.00         
       Guide-H  R07  2  5099      0.000 Rigid        0.000   0.000  0.00         
  
 Tag No.: H15                                   Attachment ID: <None>                                            
 R13   Guide-V  R13  2  5119      0.000 Rigid        0.000   0.000  0.00          

 ***BREAK IN DATA***
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                    A N A L Y S I S   S U M M A R Y                              
  
  
   Current model revision number : 173                                           
  
     Constant values used                                                        
              Acceleration due to gravity................  386.40000 in/s/s      
              Density of water for specific gravity Cal..     62.400 lb/cu.ft    
              Density of sea water.......................     62.400 lb/cu.ft    
              Density of ground water ...................     62.400 lb/cu.ft    
  
     Static - Analysis set number ................... 1                          
              Date and Time of analysis ............. Apr 23, 2020   2:15 PM     
              Model Revision Number ................. 173                        
              Number of load cases .................. 15                         
              Load cases analyzed ................... GR T1 E1 E2 E3 E4 E5 E6 E7 E8 W1 W2 W3 W4 P1               
              Description ........................... Analysis Set No.1                                          
              Gaps/Friction/Soil considered ......... Yes                        
              Tolerance - Force, Displacement ....... 10.00 lbf  0.0010 in       
              Friction - Scale Factor, Tolerance .... 1.00   0.10                
              Ignore friction for cases E1,E2,E3 .... Yes                        
              Ignore friction for gravity case ...... Yes                        
              Hanger design run ..................... No                         
              Cut short included .................... No                         
              Thermal bowing included ............... No                         
              Include Bourdon rotational effect ..... No                         
              Pipe radius for Bourdon calculation ... Mean                       
              Occasional load analysis type ......... Nonlinear                  
              Non-linear analysis summary file ...... LERF_FRP_3m.LOG            
              Use default load sequence ............. Yes                        
              Base load cases for nonlinear analysis                             
                                                         GR   = None             
                                                         T1   = P1               
                                                         E1   = T1               
                                                         E2   = T1               
                                                         E3   = T1               
                                                         E4   = T1               
                                                         E5   = T1               
                                                         E6   = T1               
                                                         E7   = T1               
                                                         E8   = T1               
                                                         W1   = T1               
                                                         W2   = T1               
                                                         W3   = T1               
                                                         W4   = T1               
                                                         P1   = GR               
              Weight of contents included ........... Yes                        
              Fluid density factor for contents ..... 1.00                       
              Pressure stiffening case .............. None                       
              Hot modulus case ...................... None                       
              Pressure Extension..................... Yes                        
              Soil Stiffness ........................ Low                        
              Water elevation for buoyancy loads .... Not considered             
              Wind analysis method .................. Projected                  
              Use corroded thickness in analysis .... No                         
              Rigid stiffness factor ................ 1000.0                     
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              Support rigid stiffness (translation) . 0.100000E+11 lb/in         
              Support rigid stiffness (rotation) .... 0.100000E+11 ft-lb/deg     
              Anchor rigid stiffness (translation) .. 0.100000E+11 lb/in         
              Anchor rigid stiffness (rotation) ..... 0.100000E+11 ft-lb/deg     
              Remove Lift-Off Supports .............. No                         
  
     Static - Analysis set number ................... 2                          
              Date and Time of analysis ............. Apr 23, 2020   2:18 PM     
              Model Revision Number ................. 173                        
              Number of load cases .................. 15                         
              Load cases analyzed ................... GR T2 E1 E2 E3 E4 E5 E6 E7 E8 W1 W2 W3 W4 P2               
              Description ...........................                            
              Gaps/Friction/Soil considered ......... Yes                        
              Tolerance - Force, Displacement ....... 10.00 lbf  0.0010 in       
              Friction - Scale Factor, Tolerance .... 1.00   0.10                
              Ignore friction for cases E1,E2,E3 .... Yes                        
              Ignore friction for gravity case ...... Yes                        
              Hanger design run ..................... No                         
              Cut short included .................... No                         
              Thermal bowing included ............... No                         
              Include Bourdon rotational effect ..... No                         
              Pipe radius for Bourdon calculation ... Mean                       
              Occasional load analysis type ......... Nonlinear                  
              Non-linear analysis summary file ...... LERF_FRP_3m.LOG            
              Use default load sequence ............. Yes                        
              Base load cases for nonlinear analysis                             
                                                         GR   = None             
                                                         T2   = GR               
                                                         E1   = P2               
                                                         E2   = P2               
                                                         E3   = P2               
                                                         E4   = P2               
                                                         E5   = P2               
                                                         E6   = P2               
                                                         E7   = P2               
                                                         E8   = P2               
                                                         W1   = P2               
                                                         W2   = P2               
                                                         W3   = P2               
                                                         W4   = P2               
                                                         P2   = T2               
              Weight of contents included ........... Yes                        
              Fluid density factor for contents ..... 1.00                       
              Pressure stiffening case .............. None                       
              Hot modulus case ...................... None                       
              Pressure Extension..................... Yes                        
              Soil Stiffness ........................ Low                        
              Water elevation for buoyancy loads .... Not considered             
              Wind analysis method .................. Projected                  
              Use corroded thickness in analysis .... No                         
              Rigid stiffness factor ................ 1000.0                     
              Support rigid stiffness (translation) . 0.100000E+11 lb/in         
              Support rigid stiffness (rotation) .... 0.100000E+11 ft-lb/deg     
              Anchor rigid stiffness (translation) .. 0.100000E+11 lb/in         
              Anchor rigid stiffness (rotation) ..... 0.100000E+11 ft-lb/deg     
              Remove Lift-Off Supports .............. No                         
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     Static - Analysis set number ................... 3                          
              Date and Time of analysis ............. Apr 23, 2020   2:20 PM     
              Model Revision Number ................. 173                        
              Number of load cases .................. 15                         
              Load cases analyzed ................... GR T3 E1 E2 E3 E4 E5 E6 E7 E8 W1 W2 W3 W4 P3               
              Description ...........................                            
              Gaps/Friction/Soil considered ......... Yes                        
              Tolerance - Force, Displacement ....... 10.00 lbf  0.0010 in       
              Friction - Scale Factor, Tolerance .... 1.00   0.10                
              Ignore friction for cases E1,E2,E3 .... Yes                        
              Ignore friction for gravity case ...... Yes                        
              Hanger design run ..................... No                         
              Cut short included .................... No                         
              Thermal bowing included ............... No                         
              Include Bourdon rotational effect ..... No                         
              Pipe radius for Bourdon calculation ... Mean                       
              Occasional load analysis type ......... Nonlinear                  
              Non-linear analysis summary file ...... LERF_FRP_3m.LOG            
              Use default load sequence ............. Yes                        
              Base load cases for nonlinear analysis                             
                                                         GR   = None             
                                                         T3   = GR               
                                                         E1   = P3               
                                                         E2   = P3               
                                                         E3   = P3               
                                                         E4   = P3               
                                                         E5   = P3               
                                                         E6   = P3               
                                                         E7   = P3               
                                                         E8   = P3               
                                                         W1   = P3               
                                                         W2   = P3               
                                                         W3   = P3               
                                                         W4   = P3               
                                                         P3   = T3               
              Weight of contents included ........... Yes                        
              Fluid density factor for contents ..... 1.00                       
              Pressure stiffening case .............. None                       
              Hot modulus case ...................... None                       
              Pressure Extension..................... Yes                        
              Soil Stiffness ........................ Low                        
              Water elevation for buoyancy loads .... Not considered             
              Wind analysis method .................. Projected                  
              Use corroded thickness in analysis .... No                         
              Rigid stiffness factor ................ 1000.0                     
              Support rigid stiffness (translation) . 0.100000E+11 lb/in         
              Support rigid stiffness (rotation) .... 0.100000E+11 ft-lb/deg     
              Anchor rigid stiffness (translation) .. 0.100000E+11 lb/in         
              Anchor rigid stiffness (rotation) ..... 0.100000E+11 ft-lb/deg     
              Remove Lift-Off Supports .............. No                         
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                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR{1}                    Sustain     Sum      GR[1]                      1.00        0.670 C Automatic Y Y Y Y 
  
  GR+P1{1}                 Sustain     Sum      Max Long                   1.00        0.670 C Automatic Y Y Y Y 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
  
  T1+P1{1}                 Expansion   Sum      T1[1]                      1.00              C Automatic Y Y Y N 
                                                Max Long                   1.00              L Automatic         
                                                Max Hoop                   1.00                                  
                                                P1[1]                      1.00                                  
  
  GR+E1{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E1[1]                      1.00              L Automatic         
  
  GR+P1+E1{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E1[1]                      1.00                                  
  
  GR+E2{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E2[1]                      1.00              L Automatic         
  
  GR+P1+E2{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E2[1]                      1.00                                  
  
  GR+E3{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E3[1]                      1.00              L Automatic         
  
  GR+P1+E3{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E3[1]                      1.00                                  
  
  GR+E4{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E4[1]                      1.00              L Automatic         
  
  GR+P1+E4{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E4[1]                      1.00                                  
  
  GR+E5{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E5[1]                      1.00              L Automatic         
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                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR+P1+E5{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E5[1]                      1.00                                  
  
  GR+E6{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E6[1]                      1.00              L Automatic         
  
  GR+P1+E6{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E6[1]                      1.00                                  
  
  GR+E7{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E7[1]                      1.00              L Automatic         
  
  GR+P1+E7{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E7[1]                      1.00                                  
  
  GR+E8{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                E8[1]                      1.00              L Automatic         
  
  GR+P1+E8{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                E8[1]                      1.00                                  
  
  GR+W1{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                W1[1]                      1.00              L Automatic         
  
  GR+P1+W1{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                W1[1]                      1.00                                  
  
  GR+W2{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                W2[1]                      1.00              L Automatic         
  
  GR+P1+W2{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                W2[1]                      1.00                                  
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                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR+W3{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                W3[1]                      1.00              L Automatic         
  
  GR+P1+W3{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                W3[1]                      1.00                                  
  
  GR+W4{1}                 Occasion    Sum      GR[1]                      1.00        0.890 C Automatic Y Y Y N 
                                                W4[1]                      1.00              L Automatic         
  
  GR+P1+W4{1}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[1]                      1.00                                  
                                                P1[1]                      1.00                                  
                                                W4[1]                      1.00                                  
  
  GR+T1+P1{1}              Combined    Sum      GR[1]                      1.00        0.830 C Automatic Y Y Y Y 
                                                T1[1]                      1.00              L Automatic         
                                                Max Long                   1.00                                  
                                                Max Hoop                   1.00                                  
                                                P1[1]                      1.00                                  
  
  GR{2}                    Sustain     Sum      GR[2]                      1.00        0.670 C Automatic Y Y Y Y 
  
  GR+P2{2}                 Sustain     Sum      Max Long                   1.00        0.670 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
  
  T2+P2{2}                 Expansion   Sum      T2[2]                      1.00              C Automatic Y Y Y N 
                                                Max Long                   1.00              L Automatic         
                                                Max Hoop                   1.00                                  
                                                P2[2]                      1.00                                  
  
  GR+E1{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E1[2]                      1.00              L Automatic         
  
  GR+P2+E1{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E1[2]                      1.00                                  
  
  GR+E2{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E2[2]                      1.00              L Automatic         
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                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR+P2+E2{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E2[2]                      1.00                                  
  
  GR+E3{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E3[2]                      1.00              L Automatic         
  
  GR+P2+E3{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E3[2]                      1.00                                  
  
  GR+E4{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E4[2]                      1.00              L Automatic         
  
  GR+P2+E4{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E4[2]                      1.00                                  
  
  GR+E5{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E5[2]                      1.00              L Automatic         
  
  GR+P2+E5{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E5[2]                      1.00                                  
  
  GR+E6{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E6[2]                      1.00              L Automatic         
  
  GR+P2+E6{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E6[2]                      1.00                                  
  
  GR+E7{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E7[2]                      1.00              L Automatic         
  
  GR+P2+E7{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E7[2]                      1.00                                  
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                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR+E8{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                E8[2]                      1.00              L Automatic         
  
  GR+P2+E8{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                E8[2]                      1.00                                  
  
  GR+W1{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                W1[2]                      1.00              L Automatic         
  
  GR+P2+W1{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                W1[2]                      1.00                                  
  
  GR+W2{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                W2[2]                      1.00              L Automatic         
  
  GR+P2+W2{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                W2[2]                      1.00                                  
  
  GR+W3{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                W3[2]                      1.00              L Automatic         
  
  GR+P2+W3{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                W3[2]                      1.00                                  
  
  GR+W4{2}                 Occasion    Sum      GR[2]                      1.00        0.890 C Automatic Y Y Y N 
                                                W4[2]                      1.00              L Automatic         
  
  GR+P2+W4{2}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[2]                      1.00                                  
                                                P2[2]                      1.00                                  
                                                W4[2]                      1.00                                  
  
  GR+T2+P2{2}              Combined    Sum      GR[2]                      1.00        0.830 C Automatic Y Y Y Y 
                                                T2[2]                      1.00              L Automatic         
                                                Max Long                   1.00                                  
                                                Max Hoop                   1.00                                  
                                                P2[2]                      1.00                                  
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LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
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---------------------------------------------------------------------------------------------------------------- 
 
                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR{3}                    Sustain     Sum      GR[3]                      1.00        0.670 C Automatic Y Y Y Y 
  
  GR+P3{3}                 Sustain     Sum      Max Long                   1.00        0.670 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
  
  T3+P3{3}                 Expansion   Sum      T3[3]                      1.00              C Automatic Y Y Y N 
                                                Max Long                   1.00              L Automatic         
                                                Max Hoop                   1.00                                  
                                                P3[3]                      1.00                                  
  
  GR+E1{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E1[3]                      1.00              L Automatic         
  
  GR+P3+E1{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E1[3]                      1.00                                  
  
  GR+E2{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E2[3]                      1.00              L Automatic         
  
  GR+P3+E2{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E2[3]                      1.00                                  
  
  GR+E3{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E3[3]                      1.00              L Automatic         
  
  GR+P3+E3{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E3[3]                      1.00                                  
  
  GR+E4{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E4[3]                      1.00              L Automatic         
  
  GR+P3+E4{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E4[3]                      1.00                                  
  
  GR+E5{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E5[3]                      1.00              L Automatic         
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 168 
---------------------------------------------------------------------------------------------------------------- 
 
                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR+P3+E5{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E5[3]                      1.00                                  
  
  GR+E6{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E6[3]                      1.00              L Automatic         
  
  GR+P3+E6{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E6[3]                      1.00                                  
  
  GR+E7{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E7[3]                      1.00              L Automatic         
  
  GR+P3+E7{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E7[3]                      1.00                                  
  
  GR+E8{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                E8[3]                      1.00              L Automatic         
  
  GR+P3+E8{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                E8[3]                      1.00                                  
  
  GR+W1{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                W1[3]                      1.00              L Automatic         
  
  GR+P3+W1{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                W1[3]                      1.00                                  
  
  GR+W2{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                W2[3]                      1.00              L Automatic         
  
  GR+P3+W2{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                W2[3]                      1.00                                  
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 169 
---------------------------------------------------------------------------------------------------------------- 
 
                                        CODE COMPLIANCE COMBINATIONS                                             
                                                                                                                 
  <Description>                                                                        f2     Allowable          
  Combination              Category    Method       Case/Combination     Factor M/S  Factor     (psi)    D/A/P/C 
  -----------------------  ----------- -------- ------------------------ ------ --- -------- ----------- ------- 
  GR+W3{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                W3[3]                      1.00              L Automatic         
  
  GR+P3+W3{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                W3[3]                      1.00                                  
  
  GR+W4{3}                 Occasion    Sum      GR[3]                      1.00        0.890 C Automatic Y Y Y N 
                                                W4[3]                      1.00              L Automatic         
  
  GR+P3+W4{3}              Occasion    Sum      Max Long                   1.00        0.890 C Automatic Y Y Y N 
                                                Max Hoop                   1.00              L Automatic         
                                                GR[3]                      1.00                                  
                                                P3[3]                      1.00                                  
                                                W4[3]                      1.00                                  
  
  GR+T3+P3{3}              Combined    Sum      GR[3]                      1.00        0.830 C Automatic Y Y Y Y 
                                                T3[3]                      1.00              L Automatic         
                                                Max Long                   1.00                                  
                                                Max Hoop                   1.00                                  
                                                P3[3]                      1.00                                  
  
  
  Notes:                                                                         
  
  Allowable: C=Circumferential or Hoop, L=Longitudinal                           
  
  D/A/P/C: [D]efault/[A]uto-Update/[P]rint options/[C]Consistent (Y=Yes, N=No)   
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 170 
---------------------------------------------------------------------------------------------------------------- 
 
                              NON-CODE COMBINATIONS                                                              
                                                                                                                 
  <Description>                                                                                                  
  Combination               Method       Case/Combination     Factor  D/A/P/C                                    
  -----------------------   -------- ------------------------ ------  -------                                    
  Gravity{1}                Sum      GR[1]                      1.00  Y N N Y    
  
  Thermal 1{1}              Sum      T1[1]                      1.00  Y N N N    
  
  Static Seismic 1{1}       Sum      E1[1]                      1.00  Y N N N    
  
  Static Seismic 2{1}       Sum      E2[1]                      1.00  Y N N N    
  
  Static Seismic 3{1}       Sum      E3[1]                      1.00  Y N N N    
  
  Static Seismic 4{1}       Sum      E4[1]                      1.00  Y N N N    
  
  Static Seismic 5{1}       Sum      E5[1]                      1.00  Y N N N    
  
  Static Seismic 6{1}       Sum      E6[1]                      1.00  Y N N N    
  
  Static Seismic 7{1}       Sum      E7[1]                      1.00  Y N N N    
  
  Static Seismic 8{1}       Sum      E8[1]                      1.00  Y N N N    
  
  Wind 1{1}                 Sum      W1[1]                      1.00  Y N N N    
  
  Wind 2{1}                 Sum      W2[1]                      1.00  Y N N N    
  
  Wind 3{1}                 Sum      W3[1]                      1.00  Y N N N    
  
  Wind 4{1}                 Sum      W4[1]                      1.00  Y N N N    
  
  Pressure 1{1}             Sum      P1[1]                      1.00  Y N N N    
  
  GP1{1}                    Sum      GR[1]                      1.00  Y N N Y    
                                     P1[1]                      1.00             
  
  GP1T1{1}                  Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
  
  GP1T1E1{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E1[1]                      1.00             
  
  GP1T1E2{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E2[1]                      1.00             
  
  GP1T1E3{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E3[1]                      1.00             
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 171 
---------------------------------------------------------------------------------------------------------------- 
 
                              NON-CODE COMBINATIONS                                                              
                                                                                                                 
  <Description>                                                                                                  
  Combination               Method       Case/Combination     Factor  D/A/P/C                                    
  -----------------------   -------- ------------------------ ------  -------                                    
  GP1T1E4{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E4[1]                      1.00             
  
  GP1T1E5{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E5[1]                      1.00             
  
  GP1T1E6{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E6[1]                      1.00             
  
  GP1T1E7{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E7[1]                      1.00             
  
  GP1T1E8{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E8[1]                      1.00             
  
  GP1T1W1{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     W1[1]                      1.00             
  
  GP1T1W2{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     W2[1]                      1.00             
  
  GP1T1W3{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     W3[1]                      1.00             
  
  GP1T1W4{1}                Sum      GR[1]                      1.00  Y Y Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     W4[1]                      1.00             
  
  Gravity{2}                Sum      GR[2]                      1.00  Y N N Y    
  
  Thermal 2{2}              Sum      T2[2]                      1.00  Y N N N    
  
  Static Seismic 1{2}       Sum      E1[2]                      1.00  Y N N N    
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 172 
---------------------------------------------------------------------------------------------------------------- 
 
                              NON-CODE COMBINATIONS                                                              
                                                                                                                 
  <Description>                                                                                                  
  Combination               Method       Case/Combination     Factor  D/A/P/C                                    
  -----------------------   -------- ------------------------ ------  -------                                    
  Static Seismic 2{2}       Sum      E2[2]                      1.00  Y N N N    
  
  Static Seismic 3{2}       Sum      E3[2]                      1.00  Y N N N    
  
  Static Seismic 4{2}       Sum      E4[2]                      1.00  Y N N N    
  
  Static Seismic 5{2}       Sum      E5[2]                      1.00  Y N N N    
  
  Static Seismic 6{2}       Sum      E6[2]                      1.00  Y N N N    
  
  Static Seismic 7{2}       Sum      E7[2]                      1.00  Y N N N    
  
  Static Seismic 8{2}       Sum      E8[2]                      1.00  Y N N N    
  
  Wind 1{2}                 Sum      W1[2]                      1.00  Y N N N    
  
  Wind 2{2}                 Sum      W2[2]                      1.00  Y N N N    
  
  Wind 3{2}                 Sum      W3[2]                      1.00  Y N N N    
  
  Wind 4{2}                 Sum      W4[2]                      1.00  Y N N N    
  
  Pressure 2{2}             Sum      P2[2]                      1.00  Y N N N    
  
  GT2{2}                    Sum      GR[2]                      1.00  Y N N Y    
                                     T2[2]                      1.00             
  
  GT2P2{2}                  Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
  
  GT2P2E1{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E1[2]                      1.00             
  
  GT2P2E2{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E2[2]                      1.00             
  
  GT2P2E3{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E3[2]                      1.00             
  
  GT2P2E4{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E4[2]                      1.00             
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 173 
---------------------------------------------------------------------------------------------------------------- 
 
                              NON-CODE COMBINATIONS                                                              
                                                                                                                 
  <Description>                                                                                                  
  Combination               Method       Case/Combination     Factor  D/A/P/C                                    
  -----------------------   -------- ------------------------ ------  -------                                    
  GT2P2E5{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E5[2]                      1.00             
  
  GT2P2E6{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E6[2]                      1.00             
  
  GT2P2E7{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E7[2]                      1.00             
  
  GT2P2E8{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     E8[2]                      1.00             
  
  GT2P2W1{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     W1[2]                      1.00             
  
  GT2P2W2{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     W2[2]                      1.00             
  
  GT2P2W3{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     W3[2]                      1.00             
  
  GT2P2W4{2}                Sum      GR[2]                      1.00  Y Y Y Y    
                                     T2[2]                      1.00             
                                     P2[2]                      1.00             
                                     W4[2]                      1.00             
  
  Gravity{3}                Sum      GR[3]                      1.00  Y N N Y    
  
  Thermal 3{3}              Sum      T3[3]                      1.00  Y N N N    
  
  Static Seismic 1{3}       Sum      E1[3]                      1.00  Y N N N    
  
  Static Seismic 2{3}       Sum      E2[3]                      1.00  Y N N N    
  
  Static Seismic 3{3}       Sum      E3[3]                      1.00  Y N N N    
  
  Static Seismic 4{3}       Sum      E4[3]                      1.00  Y N N N    
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 174 
---------------------------------------------------------------------------------------------------------------- 
 
                              NON-CODE COMBINATIONS                                                              
                                                                                                                 
  <Description>                                                                                                  
  Combination               Method       Case/Combination     Factor  D/A/P/C                                    
  -----------------------   -------- ------------------------ ------  -------                                    
  Static Seismic 5{3}       Sum      E5[3]                      1.00  Y N N N    
  
  Static Seismic 6{3}       Sum      E6[3]                      1.00  Y N N N    
  
  Static Seismic 7{3}       Sum      E7[3]                      1.00  Y N N N    
  
  Static Seismic 8{3}       Sum      E8[3]                      1.00  Y N N N    
  
    < 0.71, 0.00, 0.71>                                                          
  Wind 1{3}                 Sum      W1[3]                      1.00  Y N N N    
  
    < -0.71, 0.00, -0.71>                                                        
  Wind 2{3}                 Sum      W2[3]                      1.00  Y N N N    
  
    < -0.71, 0.00, 0.71>                                                         
  Wind 3{3}                 Sum      W3[3]                      1.00  Y N N N    
  
    < 0.71, 0.00, -0.71>                                                         
  Wind 4{3}                 Sum      W4[3]                      1.00  Y N N N    
  
  Pressure 3{3}             Sum      P3[3]                      1.00  Y N N N    
  
  GT3{3}                    Sum      GR[3]                      1.00  Y N N Y    
                                     T3[3]                      1.00             
  
  GT3P3{3}                  Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
  
  GT3P3E1{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E1[3]                      1.00             
  
  GT3P3E2{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E2[3]                      1.00             
  
  GT3P3E3{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E3[3]                      1.00             
  
  GT3P3E4{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E4[3]                      1.00             
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 175 
---------------------------------------------------------------------------------------------------------------- 
 
                              NON-CODE COMBINATIONS                                                              
                                                                                                                 
  <Description>                                                                                                  
  Combination               Method       Case/Combination     Factor  D/A/P/C                                    
  -----------------------   -------- ------------------------ ------  -------                                    
  GT3P3E5{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E5[3]                      1.00             
  
  GT3P3E6{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E6[3]                      1.00             
  
  GT3P3E7{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E7[3]                      1.00             
  
  GT3P3E8{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     E8[3]                      1.00             
  
  GT3P3W1{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     W1[3]                      1.00             
  
  GT3P3W2{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     W2[3]                      1.00             
  
  GT3P3W3{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     W3[3]                      1.00             
  
  GT3P3W4{3}                Sum      GR[3]                      1.00  Y Y Y Y    
                                     T3[3]                      1.00             
                                     P3[3]                      1.00             
                                     W4[3]                      1.00             
  
    <OMEGA FACTOR OF 2.5 ON SEISMIC>                                             
  GT1P1E4{1}+Omega          Sum      GR[1]                      1.00  N N Y Y    
                                     P1[1]                      1.00             
                                     T1[1]                      1.00             
                                     E4[1]                      2.50             
  
  
  Notes:                                                                         
  
  D/A/P/C: [D]efault/[A]uto-Update/[P]rint options/[C]Consistent (Y=Yes, N=No)   
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 176 
---------------------------------------------------------------------------------------------------------------- 
 
  
  
   CODE COMPLIANCE                                                               
  
   Sustained factor      - f2............. 0.67                                  
   Sus. + thermal factor - f2............. 0.83                                  
   Occasional factor     - f2............. 0.89                                  
   Minimum stress ratio used in reports... 0.00                                  
   Number of stress points per span ...... 0                                     
   Include corrosion in stress calcs. .... Y                                     
   Include torsion in code stress ........ Y                                     
   Include axial force in code stress .... Y                                     
   Set Hoop SIF=1 (Bends) ................ N                                     
   Set sustained/occasional SIF = 1 ...... N                                     
   Set sustained/occasional SIF = 0.75i .. N                                     
   Disable auto code combinations ........ N                                     
   Disable auto non-code combinations .... N                                     
   No. of thermal ranges to report ....... 0                                     
   Include Max Range combination ......... N                                     
   Total stress .......................... Octahedral                            
   Direct shear .......................... None                                  
   Longitudinal pressure calculation ..... PD/4t                                 
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 177 
---------------------------------------------------------------------------------------------------------------- 
 
                                      R E S T R A I N T   R E A C T I O N S                                      
                                                                                                                 
 Point     Load                         FORCES (lbf   )             MOMENTS (ft-lb  )                            
 name   combination                 X      Y      Z    Result    X       Y       Z    Result                     
 ------ -----------------------   ------ ------ ------ ------ ------- ------- ------- -------                    
  
 A00     Anchor    Tag No.: <None>                                               
         GP1T1{1}                  -2160    -37      0   2161       0       0     -63      63                    
         GP1T1E1{1}                -2129    -34      5   2129       0      -8     -58      58                    
         GP1T1E2{1}                -2129    -34     -5   2129       0       8     -58      58                    
         GP1T1E3{1}                -2129    -41      5   2130       0      -8     -68      68                    
         GP1T1E4{1}                -2129    -41     -5   2130       0       8     -68      68                    
         GP1T1E5{1}                -2192    -34      5   2192       0      -8     -58      58                    
         GP1T1E6{1}                -2192    -34     -5   2192       0       8     -58      58                    
         GP1T1E7{1}                -2192    -41      5   2192       0      -8     -68      68                    
         GP1T1E8{1}                -2192    -41     -5   2192       0       8     -68      68                    
         GP1T1W1{1}                -2161    -37      0   2161       0       0     -63      63                    
         GP1T1W2{1}                -2160    -37      0   2161       0       0     -63      63                    
         GP1T1W3{1}                -2160    -37      0   2161       0       0     -63      63                    
         GP1T1W4{1}                -2160    -37      0   2161       0       0     -63      63                    
         GT2P2{2}                   1106    -37      0   1107       0       0     -63      63                    
         GT2P2E1{2}                 1137    -34      5   1138       0      -8     -58      58                    
         GT2P2E2{2}                 1137    -34     -5   1138       0       8     -58      58                    
         GT2P2E3{2}                 1137    -41      5   1138       0      -8     -68      68                    
         GT2P2E4{2}                 1137    -41     -5   1138       0       8     -68      68                    
         GT2P2E5{2}                 1075    -34      5   1075       0      -8     -58      58                    
         GT2P2E6{2}                 1075    -34     -5   1075       0       8     -58      58                    
         GT2P2E7{2}                 1075    -41      5   1075       0      -8     -68      68                    
         GT2P2E8{2}                 1075    -41     -5   1075       0       8     -68      68                    
         GT2P2W1{2}                 1106    -37      0   1107       0       0     -63      63                    
         GT2P2W2{2}                 1106    -37      0   1107       0       0     -63      63                    
         GT2P2W3{2}                 1106    -37      0   1107       0       0     -63      63                    
         GT2P2W4{2}                 1106    -37      0   1107       0       0     -63      63                    
         GT3P3{3}                  -2160    -37      0   2161       0       0     -63      63                    
         GT3P3E1{3}                -2129    -34      5   2129       0      -8     -58      58                    
         GT3P3E2{3}                -2129    -34     -5   2129       0       8     -58      58                    
         GT3P3E3{3}                -2129    -41      5   2130       0      -8     -68      68                    
         GT3P3E4{3}                -2129    -41     -5   2130       0       8     -68      68                    
         GT3P3E5{3}                -2192    -34      5   2192       0      -8     -58      58                    
         GT3P3E6{3}                -2192    -34     -5   2192       0       8     -58      58                    
         GT3P3E7{3}                -2192    -41      5   2192       0      -8     -68      68                    
         GT3P3E8{3}                -2192    -41     -5   2192       0       8     -68      68                    
         GT3P3W1{3}                -2160    -37      0   2161       0       0     -63      63                    
         GT3P3W2{3}                -2160    -37      0   2161       0       0     -63      63                    
         GT3P3W3{3}                -2160    -37      0   2161       0       0     -63      63                    
         GT3P3W4{3}                -2160    -37      0   2161       0       0     -63      63                    
         GT1P1E4{1}+Omega          -2082    -45    -12   2083       0      20     -76      78                    
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 178 
---------------------------------------------------------------------------------------------------------------- 
 
                                      R E S T R A I N T   R E A C T I O N S                                      
                                                                                                                 
 Point     Load                         FORCES (lbf   )             MOMENTS (ft-lb  )                            
 name   combination                 X      Y      Z    Result    X       Y       Z    Result                     
 ------ -----------------------   ------ ------ ------ ------ ------- ------- ------- -------                    
 A01     Guide     Tag No.: INT  [ID: A03  1]                                    
         GP1T1{1}                      0    -75      0     75       0       0       0       0                    
         GP1T1E1{1}                    0    -69      9     69       0       0       0       0                    
         GP1T1E2{1}                    0    -69     -9     69       0       0       0       0                    
         GP1T1E3{1}                    0    -81      9     82       0       0       0       0                    
         GP1T1E4{1}                    0    -81     -9     82       0       0       0       0                    
         GP1T1E5{1}                    0    -69      9     69       0       0       0       0                    
         GP1T1E6{1}                    0    -69     -9     69       0       0       0       0                    
         GP1T1E7{1}                    0    -81      9     82       0       0       0       0                    
         GP1T1E8{1}                    0    -81     -9     82       0       0       0       0                    
         GP1T1W1{1}                    0    -75      0     75       0       0       0       0                    
         GP1T1W2{1}                    0    -75      0     75       0       0       0       0                    
         GP1T1W3{1}                    0    -75      0     75       0       0       0       0                    
         GP1T1W4{1}                    0    -75      0     75       0       0       0       0                    
         GT2P2{2}                      0    -75      0     75       0       0       0       0                    
         GT2P2E1{2}                    0    -69      9     69       0       0       0       0                    
         GT2P2E2{2}                    0    -69     -9     69       0       0       0       0                    
         GT2P2E3{2}                    0    -81      9     82       0       0       0       0                    
         GT2P2E4{2}                    0    -81     -9     82       0       0       0       0                    
         GT2P2E5{2}                    0    -69      9     69       0       0       0       0                    
         GT2P2E6{2}                    0    -69     -9     69       0       0       0       0                    
         GT2P2E7{2}                    0    -81      9     82       0       0       0       0                    
         GT2P2E8{2}                    0    -81     -9     82       0       0       0       0                    
         GT2P2W1{2}                    0    -75      0     75       0       0       0       0                    
         GT2P2W2{2}                    0    -75      0     75       0       0       0       0                    
         GT2P2W3{2}                    0    -75      0     75       0       0       0       0                    
         GT2P2W4{2}                    0    -75      0     75       0       0       0       0                    
         GT3P3{3}                      0    -75      0     75       0       0       0       0                    
         GT3P3E1{3}                    0    -69      9     69       0       0       0       0                    
         GT3P3E2{3}                    0    -69     -9     69       0       0       0       0                    
         GT3P3E3{3}                    0    -81      9     82       0       0       0       0                    
         GT3P3E4{3}                    0    -81     -9     82       0       0       0       0                    
         GT3P3E5{3}                    0    -69      9     69       0       0       0       0                    
         GT3P3E6{3}                    0    -69     -9     69       0       0       0       0                    
         GT3P3E7{3}                    0    -81      9     82       0       0       0       0                    
         GT3P3E8{3}                    0    -81     -9     82       0       0       0       0                    
         GT3P3W1{3}                    0    -75      0     75       0       0       0       0                    
         GT3P3W2{3}                    0    -75      0     75       0       0       0       0                    
         GT3P3W3{3}                    0    -75      0     75       0       0       0       0                    
         GT3P3W4{3}                    0    -75      0     75       0       0       0       0                    
         GT1P1E4{1}+Omega              0    -90    -23     93       0       0       0       0                     

***BREAK IN DATA***
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 414 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
 *** Segment A  begin *** 
  
 A00    GR{1}                    I      63  Hoop 1.00 1.00             0      0      0   8423   0.00             
        SUST                     O       0 Axial 1.00 1.00    697      0      0    697   4324   0.16^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1{1}                 I      63  Hoop 1.00 1.00          1808      0   1808   8423   0.21             
        SUST                     O       0 Axial 1.00 1.00    697    904      0   1601   4442   0.36^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR{2}                    I      63  Hoop 1.00 1.00             0      0      0   8423   0.00             
        SUST                     O       0 Axial 1.00 1.00    697      0      0    697   4324   0.16^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2{2}                 I      63  Hoop 1.00 1.00             0      0      0   8423   0.00             
        SUST                     O       0 Axial 1.00 1.00    697      0      0    697   4324   0.16^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR{3}                    I      63  Hoop 1.00 1.00             0      0      0   8423   0.00             
        SUST                     O       0 Axial 1.00 1.00    697      0      0    697   4324   0.16^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3{3}                 I      63  Hoop 1.00 1.00          1808      0   1808   8423   0.21             
        SUST                     O       0 Axial 1.00 1.00    697    904      0   1601   4442   0.36^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        T1+P1{1}                 I       0  Hoop 1.00 1.00          1808      0   1808                           
        DISP                     O       0 Axial 1.00 1.00      0    904      0    905                           
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        T2+P2{2}                 I       0  Hoop 1.00 1.00             0      0      0                           
        DISP                     O       0 Axial 1.00 1.00      0      0      0      0                           
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        T3+P3{3}                 I       0  Hoop 1.00 1.00          1808      0   1808                           
        DISP                     O       0 Axial 1.00 1.00      0    904      0    904                           
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E1{1}                 I      58  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    646      0      0    646   5744   0.11^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+E1{1}              I      58  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    646    904      0   1550   5862   0.26^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E2{1}                 I      58  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    646      0      0    646   5744   0.11^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE 415 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
        GR+P1+E2{1}              I      58  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    646    904      0   1550   5862   0.26^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E3{1}                 I      68  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    759      0      0    759   5744   0.13^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+E3{1}              I      68  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    759    904      0   1663   5862   0.28^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E4{1}                 I      68  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    759      0      0    759   5744   0.13^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+E4{1}              I      68  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    759    904      0   1663   5862   0.28^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E5{1}                 I      58  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    646      0      0    646   5744   0.11^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+E5{1}              I      58  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    646    904      0   1550   5862   0.26^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E6{1}                 I      58  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    646      0      0    646   5744   0.11^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+E6{1}              I      58  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    646    904      0   1550   5862   0.26^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E7{1}                 I      68  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    759      0      0    759   5744   0.13^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+E7{1}              I      68  Hoop 1.00 1.00          1808      0   1808  11188   0.16             
         OCC                     O       8 Axial 1.00 1.00    759    904      0   1663   5862   0.28^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E8{1}                 I      68  Hoop 1.00 1.00             0      0      0  11188   0.00             
         OCC                     O       8 Axial 1.00 1.00    759      0      0    759   5744   0.13^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                    

***BREAK IN DATA***
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
        GR+P1+E8{1}              I      17  Hoop 1.00 1.00      0   1416     26   1417  11188   0.13             
         OCC                     O       1 Axial 1.00 1.00     60    708     26    770   5836   0.13^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W1{1}                 I      15  Hoop 1.00 1.00      0      0     29     59  11188   0.01             
         OCC                     O       0 Axial 1.00 1.00     55      0     29     81   5748   0.01^            
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+W1{1}              I      15  Hoop 1.00 1.00      0   1416     28   1417  11188   0.13             
         OCC                     O       2 Axial 1.00 1.00     56    708     28    766   5836   0.13^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W2{1}                 I      15  Hoop 1.00 1.00      0      0     25     50  11188   0.00             
         OCC                     O       0 Axial 1.00 1.00     56      0     25     75   5747   0.01^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+W2{1}              I      15  Hoop 1.00 1.00      0   1416     24   1417  11188   0.13             
         OCC                     O       2 Axial 1.00 1.00     56    708     24    766   5836   0.13^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W3{1}                 I      15  Hoop 1.00 1.00      0      0     42     83  11188   0.01             
         OCC                     O      17 Axial 1.00 1.00     83      0     42    118   5749   0.02^            
                                 T      15           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+W3{1}              I      15  Hoop 1.00 1.00      0   1416     40   1418  11188   0.13             
         OCC                     O      15 Axial 1.00 1.00     78    708     40    790   5836   0.14^            
                                 T      15           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W4{1}                 I      16  Hoop 1.00 1.00      0      0     11     22  11188   0.00             
         OCC                     O       4 Axial 1.00 1.00     59      0     11     63   5745   0.01^            
                                 T       4           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P1+W4{1}              I      16  Hoop 1.00 1.00      0   1416     10   1416  11188   0.13             
         OCC                     O       2 Axial 1.00 1.00     57    708     10    766   5836   0.13^            
                                 T       4           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E1{2}                 I      14  Hoop 1.00 1.00      0      0     27     55  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     51      0     27     75   5748   0.01^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+E1{2}              I      14  Hoop 1.00 1.00      0      0     27     55  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     51      0     27     75   5748   0.01^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E2{2}                 I      15  Hoop 1.00 1.00      0      0      4      8  11188   0.00             
         OCC                     O       7 Axial 1.00 1.00     59      0      4     60   5745   0.01^            
                                 T       2           mps =  1.00    r =  1.03    qs =  12571                     
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
        GR+P2+E2{2}              I      15  Hoop 1.00 1.00      0      0      4      8  11188   0.00             
         OCC                     O       7 Axial 1.00 1.00     59      0      4     60   5745   0.01^            
                                 T       2           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E3{2}                 I      16  Hoop 1.00 1.00      0      0     32     64  11188   0.01             
         OCC                     O       1 Axial 1.00 1.00     60      0     32     88   5748   0.02^            
                                 T      12           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+E3{2}              I      16  Hoop 1.00 1.00      0      0     32     64  11188   0.01             
         OCC                     O       1 Axial 1.00 1.00     60      0     32     88   5748   0.02^            
                                 T      12           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E4{2}                 I      17  Hoop 1.00 1.00      0      0      0      1  11188   0.00             
         OCC                     O       7 Axial 1.00 1.00     67      0      0     67   5744   0.01^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+E4{2}              I      17  Hoop 1.00 1.00      0      0      0      1  11188   0.00             
         OCC                     O       7 Axial 1.00 1.00     67      0      0     67   5744   0.01^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E5{2}                 I      13  Hoop 1.00 1.00      0      0     54    108  11188   0.01             
         OCC                     O      16 Axial 1.00 1.00     76      0     54    132   5751   0.02^            
                                 T      20           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+E5{2}              I      13  Hoop 1.00 1.00      0      0     54    108  11188   0.01             
         OCC                     O      16 Axial 1.00 1.00     76      0     54    132   5751   0.02^            
                                 T      20           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E6{2}                 I      14  Hoop 1.00 1.00      0      0     23     47  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     51      0     23     69   5747   0.01^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+E6{2}              I      14  Hoop 1.00 1.00      0      0     23     47  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     51      0     23     69   5747   0.01^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E7{2}                 I      16  Hoop 1.00 1.00      0      0     59    117  11188   0.01             
         OCC                     O      16 Axial 1.00 1.00     82      0     59    143   5752   0.02^            
                                 T      21           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+E7{2}              I      16  Hoop 1.00 1.00      0      0     59    117  11188   0.01             
         OCC                     O      16 Axial 1.00 1.00     82      0     59    143   5752   0.02^            
                                 T      21           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E8{2}                 I      17  Hoop 1.00 1.00      0      0     28     56  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     60      0     28     82   5748   0.01^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
        GR+P2+E8{2}              I      17  Hoop 1.00 1.00      0      0     28     56  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     60      0     28     82   5748   0.01^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W1{2}                 I      15  Hoop 1.00 1.00      0      0     29     58  11188   0.01             
         OCC                     O       0 Axial 1.00 1.00     55      0     29     81   5748   0.01^            
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+W1{2}              I      15  Hoop 1.00 1.00      0      0     29     58  11188   0.01             
         OCC                     O       0 Axial 1.00 1.00     55      0     29     81   5748   0.01^            
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W2{2}                 I      15  Hoop 1.00 1.00      0      0     26     51  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     56      0     26     76   5747   0.01^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+W2{2}              I      15  Hoop 1.00 1.00      0      0     26     51  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     56      0     26     76   5747   0.01^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W3{2}                 I      15  Hoop 1.00 1.00      0      0     44     87  11188   0.01             
         OCC                     O       4 Axial 1.00 1.00     56      0     44    103   5750   0.02^            
                                 T      16           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+W3{2}              I      15  Hoop 1.00 1.00      0      0     44     87  11188   0.01             
         OCC                     O       4 Axial 1.00 1.00     56      0     44    103   5750   0.02^            
                                 T      16           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W4{2}                 I      16  Hoop 1.00 1.00      0      0     13     25  11188   0.00             
         OCC                     O      18 Axial 1.00 1.00     86      0     13     89   5746   0.02^            
                                 T       5           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P2+W4{2}              I      16  Hoop 1.00 1.00      0      0     13     25  11188   0.00             
         OCC                     O      18 Axial 1.00 1.00     86      0     13     89   5746   0.02^            
                                 T       5           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E1{3}                 I      14  Hoop 1.00 1.00      0      0     26     53  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     51      0     26     73   5747   0.01^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+E1{3}              I      14  Hoop 1.00 1.00      0   4248     24   4248  11188   0.38^            
         OCC                     O       5 Axial 1.00 1.00     54   2124     24   2179   6020   0.36             
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E2{3}                 I      15  Hoop 1.00 1.00      0      0      4      9  11188   0.00             
         OCC                     O      16 Axial 1.00 1.00     80      0      4     81   5745   0.01^            
                                 T       2           mps =  1.00    r =  1.03    qs =  12571                     
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Title: LERF Basin 41 Buried Piping Analysis
Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
        GR+P3+E2{3}              I      15  Hoop 1.00 1.00      0   4248      6   4248  11188   0.38^            
         OCC                     O      10 Axial 1.00 1.00     65   2124      6   2189   6020   0.36             
                                 T       2           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E3{3}                 I      16  Hoop 1.00 1.00      0      0     31     62  11188   0.01             
         OCC                     O       1 Axial 1.00 1.00     60      0     31     86   5748   0.01^            
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+E3{3}              I      17  Hoop 1.00 1.00      0   4248     29   4248  11188   0.38^            
         OCC                     O       5 Axial 1.00 1.00     63   2124     29   2188   6020   0.36             
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E4{3}                 I      17  Hoop 1.00 1.00      0      0      0      0  11188   0.00             
         OCC                     O      16 Axial 1.00 1.00     87      0      0     87   5744   0.02^            
                                 T       0           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+E4{3}              I      17  Hoop 1.00 1.00      0   4248      2   4248  11188   0.38^            
         OCC                     O      10 Axial 1.00 1.00     73   2124      2   2196   6020   0.36             
                                 T       1           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E5{3}                 I      13  Hoop 1.00 1.00      0      0     54    108  11188   0.01             
         OCC                     O       7 Axial 1.00 1.00     56      0     54    121   5751   0.02^            
                                 T      20           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+E5{3}              I      13  Hoop 1.00 1.00      0   4248     52   4249  11188   0.38^            
         OCC                     O       1 Axial 1.00 1.00     49   2124     52   2175   6021   0.36             
                                 T      19           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E6{3}                 I      14  Hoop 1.00 1.00      0      0     22     44  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     51      0     22     68   5747   0.01^            
                                 T       8           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+E6{3}              I      14  Hoop 1.00 1.00      0   4248     20   4248  11188   0.38^            
         OCC                     O       5 Axial 1.00 1.00     55   2124     20   2179   6020   0.36             
                                 T       7           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E7{3}                 I      16  Hoop 1.00 1.00      0      0     58    116  11188   0.01             
         OCC                     O       7 Axial 1.00 1.00     64      0     58    133   5752   0.02^            
                                 T      21           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+E7{3}              I      16  Hoop 1.00 1.00      0   4248     56   4249  11188   0.38^            
         OCC                     O       1 Axial 1.00 1.00     58   2124     56   2185   6021   0.36             
                                 T      21           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+E8{3}                 I      17  Hoop 1.00 1.00      0      0     27     53  11188   0.00             
         OCC                     O       1 Axial 1.00 1.00     60      0     27     81   5748   0.01^            
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
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Title: LERF Basin 41 Buried Piping Analysis
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                       ISO 14692 (2002 + 2005 addenda)  CODE COMPLIANCE                                          
                        (Moments in ft-lb  )             (Stress in psi     )                                    
 Point  Load comb.                         Str.    S.I.F   Bend.  Press. Tors.   Code   Code   Stress            
 name   /Category                 Moments  Type   In  Out  stress stress stress stress Allow.   Ratio            
 ------ ---------------------    --------- ----- ---- ---- ------ ------ ------ ------ ------  ------            
  
        GR+P3+E8{3}              I      17  Hoop 1.00 1.00      0   4248     25   4248  11188   0.38^            
         OCC                     O       5 Axial 1.00 1.00     63   2124     25   2188   6020   0.36             
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W1{3}                 I      15  Hoop 1.00 1.00      0      0     29     57  11188   0.01             
         OCC                     O       2 Axial 1.00 1.00     56      0     29     80   5748   0.01^            
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+W1{3}              I      15  Hoop 1.00 1.00      0   4248     27   4248  11188   0.38^            
         OCC                     O       5 Axial 1.00 1.00     58   2124     27   2183   6020   0.36             
                                 T      10           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W2{3}                 I      15  Hoop 1.00 1.00      0      0     25     50  11188   0.00             
         OCC                     O       0 Axial 1.00 1.00     56      0     25     75   5747   0.01^            
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+W2{3}              I      15  Hoop 1.00 1.00      0   4248     23   4248  11188   0.38^            
         OCC                     O       6 Axial 1.00 1.00     60   2124     23   2185   6020   0.36             
                                 T       8           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W3{3}                 I      15  Hoop 1.00 1.00      0      0     42     83  11188   0.01             
         OCC                     O      18 Axial 1.00 1.00     85      0     42    119   5749   0.02^            
                                 T      15           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+W3{3}              I      15  Hoop 1.00 1.00      0   4248     40   4248  11188   0.38^            
         OCC                     O      12 Axial 1.00 1.00     69   2124     40   2194   6021   0.36             
                                 T      15           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+W4{3}                 I      16  Hoop 1.00 1.00      0      0     11     22  11188   0.00             
         OCC                     O       4 Axial 1.00 1.00     59      0     11     63   5745   0.01^            
                                 T       4           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+P3+W4{3}              I      16  Hoop 1.00 1.00      0   4248      9   4248  11188   0.38^            
         OCC                     O       2 Axial 1.00 1.00     57   2124      9   2181   6020   0.36             
                                 T       3           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+T1+P1{1}              I      15  Hoop 1.00 1.00      0   1416     23   1417  10434   0.14             
        COMB                     O       9 Axial 1.00 1.00     64    708     23    773   5449   0.14^            
                                 T       8           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+T2+P2{2}              I      15  Hoop 1.00 1.00      0      0     30     61  10434   0.01             
        COMB                     O       9 Axial 1.00 1.00     65      0     30     89   5361   0.02^            
                                 T      11           mps =  1.00    r =  1.03    qs =  12571                     
  
        GR+T3+P3{3}              I      15  Hoop 1.00 1.00      0   4248     24   4248  10434   0.41^            
        COMB                     O       9 Axial 1.00 1.00     65   2124     24   2190   5633   0.39             
                                 T       9           mps =  1.00    r =  1.03    qs =  12571                     
  
 *** Segment AD end   *** 
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Prepared By: JD Williams Date: 5/13/20 Checked By: JS Huisingh Date: 5/13/20

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                            R E S U L T    S U M M A R Y                                                         
                            ----------------------------                                                         
                                                                                                                 
                                                                                                                 
  
  
  
 Maximum restraint forces (lb)                                                   
 ------------------------------                                                  
  
          Maximum X :     -3846      Point : W07        Load Comb.: GT3P3W2{3}                                   
          Maximum Y :     -1594      Point : 5222       Load Comb.: GT1P1E4{1}+Omega                             
          Maximum Z :     -3339      Point : W09        Load Comb.: GT3P3W2{3}                                   
          Max. total:      3847      Point : W07        Load Comb.: GT3P3W2{3}                                   
  
 Maximum restraint moments (ft-lb)                                               
 ----------------------------------                                              
  
          Maximum X :      1651      Point : 5300       Load Comb.: GT2P2W3{2}                                   
          Maximum Y :      -722      Point : W73        Load Comb.: GT1P1E4{1}+Omega                             
          Maximum Z :     -1677      Point : 5300       Load Comb.: GP1T1W4{1}                                   
          Max. total:      2304      Point : 5300       Load Comb.: GP1T1W4{1}                                   
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Title: LERF Basin 41 Buried Piping Analysis
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                            R E S U L T    S U M M A R Y                                                         
                            ----------------------------                                                         
                                                                                                                 
                                                                                                                 
  
     Maximum sustained stress                                                    
  
                              Point            : R16                             
                              Stress    psi    : 14684                           
                              Allowable psi    : 186856                          
                              Ratio            : 0.08                            
                              Load combination : GR+P1{1}                        
  
     Maximum displacement stress                                                 
  
                              Point            : R16                             
                              Stress    psi    : 14678                           
                              Allowable psi    : 0                               
                              Ratio            : 0.00                            
                              Load combination : T1+P1{1}                        
  
     Maximum occasional stress                                                   
  
                              Point            : R16                             
                              Stress    psi    : 14685                           
                              Allowable psi    : 248212                          
                              Ratio            : 0.06                            
                              Load combination : GR+P1+E3{1}                     
  
     Maximum combined stress                                                     
  
                              Point            : R16                             
                              Stress    psi    : 14684                           
                              Allowable psi    : 231479                          
                              Ratio            : 0.06                            
                              Load combination : GR+T1+P1{1}                     
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

---------------------------------------------------------------------------------------------------------------- 
LERF_FRP_3m                                                                                                      
04/24/2020                                                        BENTLEY                                        
12:36 PM                                                          AutoPIPE Advanced 11.01.00.24  RESULT PAGE**** 
---------------------------------------------------------------------------------------------------------------- 
 
                                                                                                                 
                            R E S U L T    S U M M A R Y                                                         
                            ----------------------------                                                         
                                                                                                                 
                                                                                                                 
  
     Maximum sustained stress ratio                                              
  
                              Point            : AC05                            
                              Stress    psi    : 3868                            
                              Allowable psi    : 4689                            
                              Ratio            : 0.82                            
                              Load combination : GR+P3{3}                        
  
     Maximum displacement stress ratio                                           
  
                              Point            : A00                             
                              Stress    psi    : 1808                            
                              Allowable psi    : 0                               
                              Ratio            : 0.00                            
                              Load combination : T1+P1{1}                        
  
     Maximum occasional stress ratio                                             
  
                              Point            : W58                             
                              Stress    psi    : 5059                            
                              Allowable psi    : 6111                            
                              Ratio            : 0.83                            
                              Load combination : GR+P3+E4{3}                     
  
     Maximum combined stress ratio                                               
  
                              Point            : X40                             
                              Stress    psi    : 4396                            
                              Allowable psi    : 5487                            
                              Ratio            : 0.80                            
                              Load combination : GR+T1+P1{1}                     
  
  
  
     * * * The system satisfies ISO 14692 (2002 + 2005 addenda) code requirements * * *                          
     * * * for the selected options                                               * * *                          
                                                                                 
           Warnings:                                                             
           (1) Maximum displacement stress ratio is zero                         
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

1.0 PURPOSE

The purpose of this calculation is to analyze the concrete anchor wall for the LERF Basin 41 Sample Port Riser
(SPR).

2.0 METHODOLOGY

Wind, seismic and live loads on the SPR anchor wall are calculated using ASCE 7-10, Minimum Design Loads 
on Buildings and Other Structures and TFC-ENG-STD-06, Design Loads for Tank Farm Facilities.

The concrete adhesive eye anchors are analyzed using Chapter 17 of ACI 318, Building Code Requirements for 
Structural Concrete and Commentary and ESR-3187 for Hilti HIT-HY 200 Adhesive Anchors and Post Installed 
Reinforcing Bar Connections in Concrete.

3.0 DESIGN INPUTS

1. The SPR anchor wall is General Service per MT-50497.
2. The minimum concrete compressive strength is 4500 psi, per RPP-SPEC-63632, Section 03 30 00. 
3. The anchor eyes are based on fractional stainless steel threaded rods using ASTM F593 material per 

ESR-3187, Table 3 & 11 and RPP-SPEC-63632, Section 05 0538. 
4. Dimension for the SPR anchor wall are based on Drawings H-2-838753 and H-2-838750.
5. The HDPE piping weight and dimensions are based on SDR 11 (160 psi) pipe pressure rating per RPP-

SPEC-63632, Section 31 9052 Table 1.

4.0 ASSUMPTIONS

None.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis.  Mathcad®1 15.0 was used for the hand calculations.  
Calculations are checked using a handheld calculator.     

6.0 RESULTS

The Hilti®2 HIT-HY 200 adhesive anchors are adequate using a 5/8” stainless steel anchor eye threaded rods
with a 3 1/8” minimum effective embedment depth and maximum embedment of 3 7/8”.  The SPR anchor wall
is adequate with one layer of #4 rebar spaced 10” on-center horizontally and 6” on-center vertically.

1 Mathcad is a registered trademark of PTC, Inc., Needham, Massachusetts.
2 Hilti and HIT-HY are registered trademarks of Hilti Aktiengesellschaft, Schaan, Liechtenstein
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Quality Assurance Procedure 3.1 Calculation Sheet (01-19)

TABLE:  Results Summary
Anchor Wall DCR
DCR flexure 0.1
DCR shear 0.05

Eye Bolt Adhesive Anchors DCR
DCR tension 0.03
DCR shear 0.01
DCR per ACI 318, Equation 17.6.3 0.01

7.0 REFERENCES

ACI 318-14, Building Code Requirements for Structural Concrete and Commentary, 2014, American Concrete 
Institute, Farmington Hills, MI.

ACI SP-17 (14), “The Reinforced Concrete Design Handbook, A Companion to ACI 318-14” , Volume 1, 
American Concrete Institute, Farmington Hills, MI.

ASCE 7-2010, Minimum Design Loads for Buildings and Other Structures, 2010, American Society of Civil 
Engineers, Reston, VA.

ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed Reinforcing Bar Connections in Concrete,
(Tables 3, 11, 12 & 14), Issued March 2018, Revised April 2019, ICC Evaluation Services, Whittier, CA.

H-2-838750, SH. 1-2, Rev. 0, LERF Basin 41 Civil Top Liner, Details, U.S. Department of Energy, Richland, 
WA.

H-2-838753, Rev. 0, LERF Basin 41 Civil Sample Port Riser Details, U.S. Department of Energy, Richland, 
WA.

IBC 2015, International Building Code, International Code Council, 2015, Country Club Hills, IL.

MT-50497, Rev. 00, Liquid Effluent Retention Facility (LERF) Basin 41, U.S. Department of Energy, 
Richland, WA.

RPP-SPEC-63632, Rev. 0, Construction Specification For: LERF Basin 41 Design, U.S. Department of Energy, 
Richland, WA.

TFC-ENG-STD-06, Rev. D-2, Design Loads for Tank Farm Facilities, U.S. Department of Energy, Richland, 
WA.
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8.0  CALCULATIONS
8.1  Determine Wind Loads

V 110mph Wind Speed (TFC-ENG-STD-06, Table 3, WDC-1/NDC-1).

Kd 0.90 Wind Direction factor (ASCE 7-10, Section 26.6 and Table 26.6-1
for Chimneys, Tanks and Similar Structures ).

Velocity Pressure coefficient for Design Exposure C. (ASCE 7-10,
Table 29.3-1 for 0-15 ft)Kz 0.85

Kzt 1.0 Topographic factor. (ASCE 7-10, Section 26.8.2)

G 0.85 Gust Effect factor. (ASCE 7-10, Section 26.9.1)

h 2 ft 11 in 2.9 ft s h Height of the SPR anchor wall.

Btop 1 ft Width at top of the SPR anchor wall.

Bbot Btop 2 2 ft 10 in( ) 6.7 ft Width at bottom of the SPR anchor wall.

Bmean
Btop Bbot

2
3.8 ft Mean width of wall.

qz 0.00256 Kz Kzt Kd
V

mph

2
psf 23.7 psf Velocity pressure calculated at mean height h. (ASCE 7-10,

Equation 29.3-1)

Aspectratio
Bmean

s
1.3 Aspect ratio of the SPR anchor wall.

Mathcad
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Cf 1.45 0.3 0.05 1.44 Net force coefficient (interpolated) for case A, wind normal to
face, (ASCE 7-10, Figure 29.4-1)

Af Bmean s 11.2 ft2 Projected area normal to the wind.

Fw qz G Cf Af 323.2 lbf Design wind load on freestanding wall. (ASCE 7-10, Equation
29.4-1 acting at 0.05*h above geometric center of wall)

8.2  Determine Seismic Loads

dwall 1 ft 9 in 1.8 ft Thickness of the SPR anchor wall.

Weight of the SPR anchor wall
reduced by sloped face area. Wtwall Bbot h 2.75 ft2 dwall

4 in
2

1 ft 1 ft 2 150
lbf

ft3
4.3 kip

SDS 0.588 Horizontal five-percent damped design spectral response
acceleration at short periods. (TFC-ENG-STD-06)

z_h 0.0 Ratio of the height in structure of point of attachment of
component to the average roof height of structure.

Ip 1.0 Component importance factor for SDC-1 loading.
(TFC-ENG-STD-06)

ap 1.0 Component amplification factor for other rigid components,
limited deformability. (ASCE 7-10, Table 13.5-1)

Component response modification factor for other rigid
components, limited deformability.. (ASCE 7-10, Table 13.5-1)Rp 2.5

Fpnom
0.4 ap SDS Wtwall

Rp

Ip

1 2 z_h( )[ ] 407.6 lbf The horizontal seismic force. (ASCE 7-10, Equation 13.3-1)

Fpmax 1.6SDS Ip Wtwall 4075.8 lbf The maximum lateral seismic force. (ASCE 7-10, Equation
13.3-2)

Fpmin 0.3SDS Ip Wtwall 764.2 lbf The minimum lateral seismic force. (ASCE 7-10, Equation 13.3-3)

Fp Fpmin Fpnom Fpminif

Fpmax Fpnom Fpmaxif

Fpnom otherwise

The minimum lateral force to use for design purposes.

Fp 764.2 lbf

Fv 0.2SDS Wtwall 509.5 lbf The design vertical seismic force. (ASCE 7-10, Section 13.3.1)

Mathcad

RPP-CALC-63782 Rev.00 5/26/2020 - 2:44 PM 10 of 32



Project No.: S54413.024

RPP-CALC-63782, Rev. 0

CALCULATION SHEET

Title:  LERF Basin 41 Sample Port Riser Anchor 
Wall Design

Calc. No. S54413.024-S-004 
Rev. 0       Page 8 of  29 

Prepared By: RW Davidson Date: 4/5/2020
     Checked By: PP Santos Date:4/5/2020 

8.3  Determine Flexural Moment on SPR Anchor Wall

The following section determines the flexural moment to withstand the worst case loading. 

ID3_pipe 2.826 in Wt3_pipe 1.39 plf Weight and dimensions of 3" HDPE pipe based on SDR 11 (160
psi) pressure rating, (See Attachment 1).

ID6_pipe 5.349 in Wt6_pipe 4.97 plf Weight and dimensions of 6" HDPE pipe based on SDR 11 (160
psi) pressure rating, (See Attachment 1).

Wtfilled
π ID3_pipe

2

4
150

lbf

ft3
Wt3_pipe 7.9 plf Weight of 3" grout filled pipe per foot length.

Estimated invert elevation of sample port riser at inside face of
anchor wall.Inverttop 603.5 ft

2 ft 10 in( )
2

604.9 ft

Invert elevation of sample port riser at bottom of liner, (See
H-2-838750, Section B).Invertbot 580 ft

Lriser Inverttop Invertbot 3 74.7 ft Based on 3:1 slope of top liner.

Wttot_3 Lriser Wtfilled 2 pipes 1184.6 lbf Total weight of 3" HDPE grout filled pipes.

Wttot_6 Lriser Wt6_pipe 371.5 lbf Weight of 6" HDPE pipe without weight deduction for slots,
conservative. 

angle tanh
1
3

18.4 deg Sample port riser slope angle with respect to horizontal plane.

Down drag component along length of the 3" HDPE grout filled
pipes. Neglect friction between pipes and liner bed, conservative. Fh_3pipes Wttot_3 sin angle( ) 374.3 lbf

Down drag component along length of the 6" HDPE pipe. Neglect
friction between pipe and liner bed, conservative. Fh_6pipe Wttot_6 sin angle( ) 117.4 lbf

Fh_pipes Fh_3pipes Fh_6pipe 491.7 lbf Total down drag component.

LRFD horizontal load combinations
per ASCE 7-10, Section 2.3.2.Fh max 1.6Fh_pipes 1.0Fw 1.0 Fh_pipes 1.0 Fp 1.0 Fh_pipes 1256.0 lbf

Fv_comb max 1.4 Wtwall 1.2 Wtwall 1.0 Fv 6065.2 lbf LRFD vertical load combinations per ASCE 7-10, Section
2.3.2.

Mmax_wall 1.0 Fp
2
3

h 1.0 Fh_pipes
h
2

26437.1 in lbf Use LRFD seismic horizontal load combination,
previously defined.

NOTE:  Per ACI 318, Section 14.4.2.1, walls shall be designed for an eccentricity corresponding to the maximum
moment that can accompany the axial load but not less than 0.10 h, where h is the wall thickness.  Hence, the moment
due to axial load eccentricity is added to the required moment.

Mu_wall Mmax_wall Fv_comb 0.1 dwall 3.3 ft kip

Mathcad
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8.4    Determine Required Flexural Reinforcement for the SPR Anchor Wall   

fc 4500 psi fy 60000 psi Es 29000 ksi SPR anchor wall material properties.

h dwall 21.0 in Width of the SRP AHR wall.

Distance from extreme compression fiber to centroid of vertical
reinforcing bars, assuming vertical bars are located 1/3  from
compression fiber (conservative).

d
h
3

7.0 in

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18( )T

d'bar 0 0 0.375 0.5 0.625 0.75 0.875 1 1.128 1.27 1.41 0 0 1.693 0 0 0 2.257( )T in

A'bar 0 0 0.11 0.20 0.31 0.44 0.6 0.79 1 1.27 1.56 0 0 2.25 0 0 0 4( )T in2

Bar size number (bar number, BarNo):

BarNo 4

x BarNo

A'barx
0.2 in2 Abar A'barx

0.2 in2 d'barx
0.5 in

Mathcad
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ACI 318-14, 9.6.1.2  As minimum shall be the greater of (a) and (b), except as provided in 9.6.1.3. 

ρmin max
3

fc
psi

psi

fy

200 psi
fy

0.0034

ACI 318-14, 9.6.1.3  If As provided at every section is at least one-third greater than As required by analysis,
9.6.1.1 and 9.6.1.2 need not be satisfied.

Try #4 bar @ 6 in spa 6 in  #4 bars at 6" spacing, in vertical direction. 

bw 36 in width of wall section considered.

Area of rebar provided at minimum cross section of
the wall considered.As

Abar bw
spa

Abar 1.4 in2

C 0.85 fc bw a= 0.85 fc bw 137.70
kip
in

T As fy T 84 kip

From the equilibrium equation:

T C= T 0.85 fc bu a= or a
T

0.85 fc bw
a 0.6 in

Mn T d
a
2

Mn 46.9 ft kip

ϕ 0.9 - for flexure ϕMn ϕ Mn

ϕMn 42 ft kip Flexural strength of the wall in vertical direction.

DCR
Mu_wall
ϕMn

0.1 The Demand to Capacity Ratio for the flexural strength of the
wall. The DCR is less than 1.0; therefore, OK.

Use - (7) #4 @ 6" vertically  

The minimum area of steel required for flexure. (ACI
318-14, Section 9.6.1.2)Amin ρmin h bw Amin 2.5 in2 > As 1.4 in2

From the proportion of the factored moment to the nominal strength of the section it can be concluded, that the
nominal strength is more than one-third above factored moment, thus the alternative minimum reinforcement
requirement is satisfied per ACI 318-14 Section 9.6.1.3  

4
3

Mu_wall 4.4 ft kip < ϕ Mn 42.2 ft kip OK

Mathcad
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8.5  Development Length of Reinforcement

λ 1.0 Lightweight  modification factor for normal weight concrete.
(ACI 318-14, Table 25.4.2.4)

ψt 1.0 Casting position modification factor for other. (ACI 318-14,
Table 25.4.2.4)

ψe 1.0 Epoxy modification factor. (Lindeburg, pg 55-5 and ACI 318-14,
Table 25.4.2.4)

nobar_wall 4 For development of #4 rebar for SPR AHR wall.

Diameter of #4 rebar.diabar
nobar_wall

8
in 0.5 in

spa 6.0 in > 2 diabar 1.0 in Clear spacing of bars being developed.

clrcover
2
3

dwall
diabar

2
13.7 in > diabar 0.5 in Clear cover of bars being developed.

Development length of the reinforcement is based on a clear
spacing of bars being developed that is greater than 2*dia.bar
and a clear cover that is greater than dia.bar, per (ACI-318,
Table 25.4.2.2).

ld max

fy
psi

ψt ψe

25 λ
fc
psi

diabar 12in 17.9 in

NOTE:  Round up development length to be a minimum of 18 inches for design

Lap splice length for walls. (ACI 318-14,
Section 25.5.2.1)lst 1.3 ld 23.3 in

NOTE:  Round up splice length to be a minimum of 24 inches for design.

Mathcad
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8.6  Check Temperature and Shrinkage Reinforcement (based on ACI 318-14, Section 24.4.3.2)

hc
h
2

10.5 in Mean height of the anchor wall.

b dwall 21.0 in Thickness of the anchor wall for rebar design.

Area of steel required by temperature and shrinkage. (ACI 318-14,
Table 7.6.1.1)Asteel 0.0018 b hc 0.40 in2

A4 0.20in2 n 4 Area and number of horizontal #4 bars. (ACI 318-14, Appendix A)

As_provided A4 n 0.8 in2 > Asteel 0.40 in2 The current design is adequate as designed with  4-#4 bars horiz
& 7-#4 bars vert.

slong 10 in < 18 in OK

strans 6 in < 18 in OK

Mathcad
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8.7  Check Out-of-Plane Shear Capacity of SPR Anchor Wall 

Per ACI-318-14, Section 11.5.5;

d 7.0 in Previously defined distance from extreme compression fiber to
centroid of vertical reinforcing bars, assuming vertical bars are
located 1/3  from compression fiber (conservative).

bw 36.0 in Previously defined width of wall considered.

ϕshear 0.75 Shear reduction factor. (ACI 318-14, Table 21.2.1)

Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)λ 1.0

ϕVc ϕshear 2λ psi
fc
psi

bw d 25 kip Out-of-plane concrete shear strength of the evaluated
wall section. (per ACI 318-14, Section 22.5.5.1)

Vu Fh 1256.0 lbf Out-of-plane shear demand on SPR AHR wall.

   

The Demand to Capacity Ratio for the out-of-plane shear
strength of the wall. The DCR is less than 1.0; therefore, OK.DCRshear

Vu
ϕVc

0.05

Mathcad
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8.8   Check Anchor Eye Bolts in Accordance with ACI 318-14, Chapter 17

Teye_bolt
Fh_3pipes

2 pipes
cos angle( ) 177.6 lbf Tension load on SPR anchor wall eye bolt.

Shear load on SPR anchor wall eye bolt.Veye_bolt
Fh_3pipes

2 pipes
sin angle( ) 59.1 lbf

 Define Constants

Based on 5/8" diameter ASTM F593 stainless steel threaded rods with 3 7/8" maximum embedment depth

na 2 The number of eye bolts per anchor wall.

sa 26 in Minimum spacing of the eye bolts.

hef 3.125in The effective minimum embedment. (ESR-3187, Table 12 & 14)

na_t 2 Number of eye bolts resisting tension.

na_v 2 Number of eye bolts resisting shear.

f'c 4500psi Compressive strength of concrete. (See Inputs)

kc 17 Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

Cracked concrete factor for post-installed anchor in cracked
concrete. (ACI 318-14, Section 17.4.2.6)ψc_N 1.0

ϕt_s 0.65 Strength reduction factor for steel failure in tension. (ESR-3187,
Table 11)

ϕt_c 0.65 Strength reduction factor for concrete breakout failure in tension.
(ESR-3187, Table 12)

ϕv_s 0.60 Strength reduction factor for steel failure in shear. (ESR-3187,
Table 11).

ϕv_c 0.70 Strength reduction factor for concrete breakout failure in shear.
(ESR-3187, Table 12)

ϕe 0.75 Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4) 

αv_seis 0.70 Seismic shear reduction factor, (ESR-3187, Table 11).

ϕd 0.65 Bond strength reduction factor, (ESR-3187, Table 14 for dry &
water saturated concrete installation conditions).

cac 2 hef 6.3 in Critical edge distance for adhesive anchors. (ACI 318-14, Section
17.7.6)

ca1 cac 6.3 in Limiting distance from center of anchor to edge of concrete in the
direction of applied load. (See ACI 318-14, Figures R17.4.2.1 and
R17.5.2.1 for illustration)

ca2 ca1 6.3 in Limiting distance from center of anchor to edge of concrete in the
direction perpendicular to applied load. (See ACI 318-14, Figures
R17.4.2.1 and R17.5.2.1 for illustration)
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ca_min min ca1 ca2 6.3 in The minimum edge distance between the edge of the concrete
and the nearest anchor. (Note: Envelopes actual edges distance)

hmin hef 1.25 in 4.4 in The minimum member thickness. (ESR-3187, Table 12)

ha 21in Actual concrete thickness. (H-2-838753)

d 0.625in The anchor diameter. (ESR-3187, Table 11)

 Determine Steel Strength of Anchor in Tension

Individual_Group "Analyze anchors individually according to ACI 318-14, Chapter 17" 3 hef saif

"Analyze anchors as a group according to ACI 318-14, Section 17.2.1.1" otherwise

Individual_Group "Analyze anchors individually according to ACI 318-14, Chapter 17"

Nsa 22600lbf The tensile capacity of the anchor is based on ICC-ES Evaluation
Report ESR-3187, Table 11, for ASTM F593, stainless steel
threaded eye anchor rods.

ϕNsa ϕt_s Nsa 14690.0 lbf Tensile steel strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of Anchorage in Tension

ψed_N 1 ca_min 1.5 hefif

0.7 0.3
ca_min
1.5 hef

otherwise

1.0 The modification factor for edge effects. (ACI 318-14, Section
17.4.2.5)

ψcp_N 1 ca_min cacif

max ca_min 1.5 hef
cac

otherwise

1.0 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)

λ 1.0 Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)

Basic concrete breakout strength of a single anchor in tension in
cracked concrete. (ACI 318-14, Equation 17.4.2.2a)Nb kc λ

f'c
psi

hef
in

1.5

lbf 6299.9 lbf

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x hef. (ACI 318-14, Equation
17.4.2.1c)

ANco 9 hef
2 87.9 in2

Projected concrete failure
area of the anchorage group.
(ACI 318-14, Section
17.4.2.1 and Figure
R17.4.2.1(b))

ANc min 1.5 hef ca1 sa 1.5 hef min 1.5 hef ca2 1.5 hef 331.6 in2

ANc min na ANco ANc 175.8 in2

e'N 0 in No eccentricity of the anchors in tension. (See ACI 318-14,
Fig R17.4.2.4 for illustration)
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ψec_N
1

1
2 e'N
3 hef

1.0 Modification factor for anchor groups loaded eccentrically in
tension. (ACI 318-14, Section 17.4.2.4, Equation 17.4.2.4)

Concrete breakout strength of the anchorage in
tension. (ACI 318-14, Equation 17.4.2.1b)Ncbg

ANc
ANco

ψec_N ψed_N ψc_N ψcp_N Nb 12599.7 lbf

ϕNcb ϕe ϕt_c Ncbg 6142.4 lbf Tensile breakout strength incorporating strength reduction factors.

Determine Bond Strength of Adhesive Anchors in Tension

λa λ 1.0 ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

τcr 1170 psi Characteristic bond stress in cracked concrete, temperature
range A, (ESR-3187, Table 14).

τuncr 2220 psi Characteristic bond stress in uncracked concrete, temperature
range A, (ESR-3187, Table 14).

da d 0.6 in Anchor diameter, previously defined.

Nba λa τcr π da hef 7179.0 lbf Basic bond strength of adhesive anchor, (ACI 318-14, Section
17.4.5.2)

cNa 10 da
τuncr

1100 psi
8.9 in Critical edge distance, (ACI 318-14, Equation 17.4.5.1d). 

Projected influence area for a single anchor, (ACI 318-14,
Equation 17.4.5.1c).ANao 2 cNa

2 315.3 in2

ANa 2 cNa cNa ca_min sa 730.4 in2 Projected influence area for a group of anchors, (ACI 318-14,
Figure R17.4.5.1).

ANa na ANao 630.7 in2 Limiting value of A.Na per ACI 318-14, Section 17.4.5.1). 

ψed_Na 1.0 ca_min 6.3 in > cNa 8.9 in Modification factor for edge effects, (ACI 318-14,
Equation 17.4.5.4a).

ψcp_Na
ca_min

cac
ca_min 6.3 in < cac 6.3 in Modification factor for adhesive anchors designed for uncracked

concrete, (ACI 318-14, Equation 17.4.5.5a).

e'N 0 in Previously defined.

ψec_Na
1

1
e'N
cNa

1.0 Modification factor for adhesive anchor group loaded
eccentrically in tension. (ACI 318-14, Equation 17.4.5.3)

Nag
ANa
ANao

ψec_Na ψed_Na ψcp_Na Nba 14358.1 lbf Nominal bond strength of group of adhesive anchors in
tension, (ACI 318-14, Equation 17.4.5.1b).

Nominal bond strength in tension for a group of adhesive
anchors in tension incorporating strength reduction factors,
(ACI 318-14, Equation 17.4.5.1b).

ϕNag ϕe ϕd Nag 6999.6 lbf
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 Determine Steel Strength of the Anchorage in Shear

Individual_Group "Analyze anchors individually in shear according to ACI 318-14, Chapter 17" 3 ca1 saif

"Analyze anchors as a group in shear according to ACI 318-14, Section 17.2.1.1" otherwise

Individual_Group "Analyze anchors individually in shear according to ACI 318-14, Chapter 17"

Vsa 13560 lbf The steel strength in shear. (ESR-3187, Table 11, ASTM
F593)

ϕVsa αv_seis ϕv_s Vsa 5695.2 lbf Steel shear strength incorporating strength reduction factors.

 Determine Concrete Breakout Strength of the Anchorage in Shear

ψed_V 1.0 ca2 1.5 ca1if

0.7 0.3
ca2

1.5 ca1
otherwise

0.9 Edge distance factor (Anchors not on a corner). (ACI 318-14,
Section 17.5.2.6)

ψc_V 1.0 Cracked concrete factor without supplementary
reinforcement, (ACI 318-14, Section 17.5.2.7)

ψh_V
1.5 ca1

ha
ha 1.5 ca1if

1 otherwise

1.00 Thickness modification factor. (ACI 318-14, Section 17.5.2.8)

da d 0.6 in The outside diameter of the anchor.

The load bearing length of anchor for shear. (ACI 318-14, Section
17.5.2.2)le min 8 da hef 3.1 in

Basic concrete breakout strength
of a single anchor in shear in
cracked concrete. (ACI 318-14,
Section 17.5.2.2)

Vb min 7
le
da

0.2 da
in

λ
f'c
psi

ca1
in

1.5

lbf 9 λ
f'c
psi

ca1
in

1.5

lbf 8003.1 lbf

The projected area for a single anchor in a deep member with a
distance from edges equal or greater than 1.5 x ca1. (ACI
318-14, Equation 17.5.2.1c)

AVco 4.5 ca1
2 175.8 in2

Projected concrete failure area of the anchorage. (ACI
318-14, Section 17.5.2.1 and Figure R17.5.2.1b)AVc 2 1.5 ca1 sa min 1.5 ca1 ha 419.5 in2

e'V 0 in No eccentricity of anchor group in shear.

ψec_V
1

1
2 e'V
3 ca1

1.0 Modification factor for anchor group loaded eccentrically in shear.
(ACI 318-14, Equation 17.5.2.5)

Vcbg
AVc
AVco

ψec_V ψed_V ψc_V ψh_V Vb 17190.7 lbf Nominal concrete breakout strength of anchorage in
shear. (ACI 318-14, Equation 17.5.2.1a)

ϕVcb ϕv_c Vcbg 12033.5 lbf Shear breakout strength incorporating strength reduction factors.
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 Determine Pryout Strength of the Anchorage in Shear

kcp 1 hef 2.5inif

2 otherwise

2.0 Coefficient for pryout strength. ( ACI 318-14, Section
17.5.3.1)

Ncbg 12599.7 lbf Nag 14358.1 lbf Use the lesser of N.cbg from Equation 17.4.2.1b or Nag from
17.4.5.1b per ACI 318-14, Section 17.5.3.1).

The nominal pryout strength of the anchorage in shear per ACI
318-14, Equation 17.5.3.1a.Vcp kcp Ncbg 25199.4 lbf

ϕVcp ϕv_c Vcp 17639.6 lbf Shear pryout strength incorporating strength reduction factors.

 Determine Governing Failure Strength

Governt "Steel failure governs (Ductile Failure)." ϕNsa min ϕNcb ϕNagif

"Concrete breakout governs (Brittle Failure)." ϕNcb min ϕNsa ϕNagif

"Bond strength governs (Brittle Failure)." otherwise

Governt "Concrete breakout governs (Brittle Failure)."

Tensilegovern ϕNsa ϕNsa min ϕNcb ϕNagif

ϕNcb ϕNcb min ϕNsa ϕNagif

ϕNag otherwise

The governing allowable tensile capacity of the anchorage.

Teye_bolt 177.6 lbfTensilegovern 6142 lbf

Tension_Check "Anchor capacity in tension is OK." Tensilegovern Teye_boltif

"Anchor capacity in tension is NOT OK" otherwise

Tension_Check "Anchor capacity in tension is OK." Check to determine the adequacy of the anchors in tension.

DCRtens
Teye_bolt

Tensilegovern
0.03
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Governv "Steel failure governs (Ductile Failure)." ϕVsa min ϕVcb ϕVcpif

"Concrete breakout governs (Brittle Failure)." ϕVcb min ϕVsa ϕVcpif

"Concrete pryout governs (Brittle Failure)." otherwise

Governv "Steel failure governs (Ductile Failure)."

Sheargovern ϕVsa ϕVsa min ϕVcb ϕVcpif

ϕVcb ϕVcb min ϕVsa ϕVcpif

ϕVcp otherwise

The governing allowable shear capacity of the anchorage.

Sheargovern 5695 lbf Veye_bolt 59.1 lbf

Shear_Check "Anchor capacity in shear is OK." Sheargovern Veye_boltif

"Anchor capacity in shear is NOT OK" otherwise

Shear_Check "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

DCRshear
Veye_bolt

Sheargovern
0.01

DCR DCRtens DCRshear 0.2if

DCRshear DCRtens 0.2if

1
1.2

DCRtens DCRshear otherwise

0.01 The DCR ratio is less than 1.0; Therefore,
OK  ACI 318-14, Section 17.6.
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ENGINEERING CHANGE NOTICE ECN No: ECN-715507 Rev.  00

2 SPF-002 (Rev. D1)

16. Description of Change
-Update drawing to depict the installation of 242AL-41 basin and catch basin.  Add a reference to point to project drawing list, H-2-838745, and the 
catch basin design, H-2-838766.  Update a drawing error pertaining to the PC5000 transfer line.

H-2-830097 Sheet 1:
-Update drawing to depict the installation of 242AL-41 basin and catch basin.  Add a reference to point to project drawing list, H-2-838745.

H-2-830098 Sheet 1:
-Update drawing to depict the installation of 242AL-41 basin and catch basin.  Add a reference to point to the appropriate project drawings.  Update 
labels throughout drawing to remove "new" in multiple locations as the referenced piping is now installed and existing.

17. Work Package Number(s)
TBD

18. TBDs or Holds ☒N/A

19. Related Structures, Systems, and Components

a. Related Building/Facilities ☐N/A b. Related Systems ☐N/A c. Related Equipment ID Nos. (EIN) ☒N/A
LERF FACILITIES LERF      

20. Engineering Drawings to be Changed                                                                          Does change affect the Electronic Routing Board? ☐
Drawing Number Rev. Title
H-2-79582 SH 001 01 CIVIL LOCATION PLAN
H-2-79583 SH 001 01 CIVIL SITE PREPARATION EXCAVATION PLAN & DETAILS
H-2-79583 SH 002 01 CIVIL SITE PREPARATION FILL PLAN & DET
H-2-79586 SH 001 02 CIVIL SITE PLAN & FENCE DET
H-2-79604 SH 001 03 PIPING PLOT & KEY PLANS 242-A EVAP COND STREAM
H-2-79610 SH 001 03 PIPING PLAN RETENTION BASINS
H-2-830097 SH 001 01 W-519 SITE/UTILITY SYSTEMS PLAN AND PROFILE STA 2+000 TO STA 2+333.0
H-2-830098 SH 001 01 W-519 SITE/UTILITY SYSTEMS PLAN & PROFILE LERF BASINS

21. Related Modification Traveler ☐N/A

MT-50497

22. Related Documents ☐N/A

Document Number Rev. Title
DCN-715392 00 Delete Basin 41 from Drawings
ECN-715508 00 LERF Basin 41 Existing Piping Connections - Mechanical
ECN-715509 00 LERF Basin 41 New Piping Connections - Mechanical
H-2-838745 SH 001 00 LERF BASIN 41 DRAWING LIST / TITLE SHEET
H-2-838766 SH 001 00 LERF BASIN 41 BASIN 41 GENERAL ARRANGEMENT
H-2-88766 SH 006 00 P&ID LERF BASIN & ETF INFLUENT EVAPORATOR
RPP-SPEC-63632 00 LERF Basin 41 Construction Specification 

23. Distribution
Name Organization
Angevine, Brennan T MISSION ANALYSIS ENGINEERING
Blaak, Whitney S COGNIZANT SYSTEM ENGINEERING
Demiter, Scott M ETF OPERATIONS
Foster, Jim 242-A/AW/ETF OPERATIONS
Goessmann, Glen E ENGINEERING PROGRAMS
Greenhalgh, Aaron M TANK FARM PROJECTS ENGINEERING
Harris, John W SAFETY PROGRAM SERVICES RC/P
Joslyn, Cameron C ETF ENGINEERING
McFerran, Brandon E 242-A/AW/ETF OPERATIONS
McShane, Michael P ENGINEERING PROGRAMS
Omberg Carro, Susan K NUCLEAR SAFETY
Powers, Daniel J ETF ENGINEERING
Roosendaal, Gene D TFP PROJECT MANAGEMENT
Rutherford, Wally ETF ENGINEERING
Sackett, Tom E TANK FARM PROJECTS
Samoska, Jerry A INSTRUMENT & CNTRL ENGINEERING
Shultz, Milton V NUCLEAR SAFETY
Smith, Gregory E TANK FARM PROJECTS ENGINEERING
Smoot, Bill R TFP RADCON
Stamper, Lavonne J ETF ENGINEERING
Swanson, Brad L 242-A/AW/ETF OPERATIONS
Wall, Jeremy M RETRVL & CLOSURE/PROJ ENV CMPL
Wilson, Nathaniel W ETF PROJECTS ENGINEERING
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ENGINEERING CHANGE NOTICE ECN No: ECN-715508 Rev.  00

2 SPF-002 (Rev. D1)

16. Description of Change
      
H-2-830097 Sheet 1:      
-Update drawing to depict the installation of new line 3"-60M-009-M18 and the new line 4"-60M-008-M18.  The installation includes the FRP tie-in into 
the existing transfer lines as depicted on H-2-838765.      
      
H-2-830098 Sheet 1:      
-Update drawing to depict the installation of new line 3"-60M-009-M18 and the new line 4"-60M-008-M18.  The installation includes the FRP tie-in into 
the existing transfer lines as depicted on H-2-838765.

17. Work Package Number(s)
TBD

18. TBDs or Holds ☒N/A

19. Related Structures, Systems, and Components

a. Related Building/Facilities ☐N/A b. Related Systems ☐N/A c. Related Equipment ID Nos. (EIN) ☐N/A
LERF FACILITIES LERF 3"-EVAP COND-PC5000-M17

4"-WTP-001-M17

20. Engineering Drawings to be Changed                                                                          Does change affect the Electronic Routing Board? ☐
Drawing Number Rev. Title
H-2-79604 SH 001 03 PIPING PLOT & KEY PLANS 242-A EVAP COND STREAM
H-2-79610 SH 001 03 PIPING PLAN RETENTION BASINS
H-2-830097 SH 001 01 W-519 SITE/UTILITY SYSTEMS PLAN AND PROFILE STA 2+000 TO STA 2+333.0
H-2-830098 SH 001 01 W-519 SITE/UTILITY SYSTEMS PLAN & PROFILE LERF BASINS
H-2-88766 SH 001 14 P & ID LERF BASIN & ETF INFLUENT EVAPORATOR
H-2-88766 SH 002 16 P&ID LERF BASIN & ETF INFLUENT EVAPORATOR
H-2-88766 SH 003 20 P&ID LERF BASIN & ETF INFLUENT EVAPORATOR
H-2-88766 SH 005 02 P & ID LERF-WTP INTERFACE

21. Related Modification Traveler ☐N/A

MT-50497

22. Related Documents ☐N/A

Document Number Rev. Title
ECN-715507 00 LERF Basin 41 Installation - Mechanical
ECN-715509 00 LERF Basin 41 New Piping Connections - Mechanical
H-2-838765 SH 001 00 LERF BASIN 41 MECHANICAL GENERAL ARRANGEMENT
H-2-88766 SH 006 00 P&ID LERF BASIN & ETF INFLUENT EVAPORATOR
RPP-SPEC-63632 00 LERF Basin 41 Construction Specification 

23. Distribution
Name Organization
Angevine, Brennan T MISSION ANALYSIS ENGINEERING
Blaak, Whitney S COGNIZANT SYSTEM ENGINEERING
Demiter, Scott M ETF OPERATIONS
Foster, Jim 242-A/AW/ETF OPERATIONS
Goessmann, Glen E ENGINEERING PROGRAMS
Greenhalgh, Aaron M TANK FARM PROJECTS ENGINEERING
Halgren, Dale L ETF ENGINEERING
Harris, John W SAFETY PROGRAM SERVICES RC/P
Joslyn, Cameron C ETF ENGINEERING
McFerran, Brandon E 242-A/AW/ETF OPERATIONS
McShane, Michael P ENGINEERING PROGRAMS
Omberg Carro, Susan K NUCLEAR SAFETY
Powers, Daniel J ETF ENGINEERING
Roosendaal, Gene D TFP PROJECT MANAGEMENT
Rutherford, Wally ETF ENGINEERING
Sackett, Tom E TANK FARM PROJECTS
Samoska, Jerry A INSTRUMENT & CNTRL ENGINEERING
Shultz, Milton V NUCLEAR SAFETY
Smith, Gregory E TANK FARM PROJECTS ENGINEERING
Smoot, Bill R TFP RADCON
Swanson, Brad L 242-A/AW/ETF OPERATIONS
Wall, Jeremy M RETRVL & CLOSURE/PROJ ENV CMPL
Wilson, Nathaniel W ETF PROJECTS ENGINEERING
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ENGINEERING CHANGE NOTICE ECN No: ECN-715509 Rev.  00

2 SPF-002 (Rev. D1)

16. Description of Change
   
H-2-830099 Sheet 1:   
-Update plan view indicating the installation of transfer line 4"-60M-011-M18 and it's interface with the existing Catch Basin 42 piping. 
   
H-2-830099 Sheet 2:   
-Update plan view and section views as appropriate to identify the interface of transfer line 4"-60M-011-M18 following installation.

17. Work Package Number(s)
TBD

18. TBDs or Holds ☒N/A

19. Related Structures, Systems, and Components

a. Related Building/Facilities ☐N/A b. Related Systems ☐N/A c. Related Equipment ID Nos. (EIN) ☐N/A
LERF FACILITIES LERF 242AL-42

20. Engineering Drawings to be Changed                                                                          Does change affect the Electronic Routing Board? ☐
Drawing Number Rev. Title
H-2-79610 SH 001 03 PIPING PLAN RETENTION BASINS
H-2-79613 SH 001 05 PIPING PLAN CATCH BASIN 242AL-42
H-2-830097 SH 001 01 W-519 SITE/UTILITY SYSTEMS PLAN AND PROFILE STA 2+000 TO STA 2+333.0
H-2-830098 SH 001 01 W-519 SITE/UTILITY SYSTEMS PLAN & PROFILE LERF BASINS
H-2-830099 SH 001 02 W-519 SITE/UTILITY SYSTEMS BASIN 242AL-42 PIPE LAYOUT
H-2-830099 SH 002 01 W-519 SITE/UTILITY SYSTEMS BASIN 243AL-42 PIPE LAYOUT
H-2-88766 SH 002 16 P&ID LERF BASIN & ETF INFLUENT EVAPORATOR

21. Related Modification Traveler ☐N/A

MT-50497

22. Related Documents ☐N/A

Document Number Rev. Title
ECN-715507 00 LERF Basin 41 Installation - Mechanical
ECN-715508 00 LERF Basin 41 Existing Piping Connections - Mechanical
H-2-838765 SH 001 00 LERF BASIN 41 MECHANICAL GENERAL ARRANGEMENT
H-2-88766 SH 006 00 P&ID LERF BASIN & ETF INFLUENT EVAPORATOR
RPP-SPEC-63632 00 LERF Basin 41 Construction Specification 

23. Distribution
Name Organization
Angevine, Brennan T MISSION ANALYSIS ENGINEERING
Blaak, Whitney S COGNIZANT SYSTEM ENGINEERING
Demiter, Scott M ETF OPERATIONS
Foster, Jim 242-A/AW/ETF OPERATIONS
Goessmann, Glen E ENGINEERING PROGRAMS
Greenhalgh, Aaron M TANK FARM PROJECTS ENGINEERING
Harris, John W SAFETY PROGRAM SERVICES RC/P
Joslyn, Cameron C ETF ENGINEERING
McFerran, Brandon E 242-A/AW/ETF OPERATIONS
McShane, Michael P ENGINEERING PROGRAMS
Omberg Carro, Susan K NUCLEAR SAFETY
Powers, Daniel J ETF ENGINEERING
Roosendaal, Gene D TFP PROJECT MANAGEMENT
Rutherford, Wally ETF ENGINEERING
Sackett, Tom E TANK FARM PROJECTS
Samoska, Jerry A INSTRUMENT & CNTRL ENGINEERING
Shultz, Milton V NUCLEAR SAFETY
Smith, Gregory E TANK FARM PROJECTS ENGINEERING
Smoot, Bill R TFP RADCON
Stamper, Lavonne J ETF ENGINEERING
Swanson, Brad L 242-A/AW/ETF OPERATIONS
Wall, Jeremy M RETRVL & CLOSURE/PROJ ENV CMPL
Wilson, Nathaniel W ETF PROJECTS ENGINEERING
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NOTES:

1. SEE H-2-838746-1 FOR ABBREVIATIONS, LEGEND, AND GENERAL NOTES.
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1.0 INTRODUCTION

1.1 BACKGROUND AND PURPOSE

The Liquid Effluent Retention Facility (LERF) stores wastewater from several Hanford sources 
for eventual processing through the Effluent Treatment Facility (ETF).  The original excavation 
of the LERF included four basins: 242AL-41 (Basin 41); 242AL-42 (Basin 42); 242AL-43 
(Basin 43); and 242AL-44 (Basin 44).  However, only Basins 42, 43, and 44 were designed and 
completed.  Therefore, there are currently only three operating LERF basins.  The operating 
basins are located just north of the 200 East Area tank farms and adjacent to the ETF.  The basins 
store waste water from several Hanford Site sources, including condensate from the 242-
A Evaporator, dilute waste streams from solid waste disposal facilities, and site cleanup 
activities. 

Once the Waste Treatment and Immobilization Plant (WTP) begins processing waste, it will send 
wastewater from the WTP Effluent Management Facility (EMF) to the LERF.  Due to the 
additional future planned wastewater sources, a fourth basin is needed to ensure sufficient 
storage capacity.  Basin 41 is allocated for development and use for the additional wastewater 
capacity requirement.

This report provides the overall description for LERF Basin 41 and its integration with existing 
LERF Basins 42, 43, and 44.  An Input/Output (I/O) list is included in Appendix A and a Catch 
Basin Equipment Layout Diagram is included in Appendix B.  For a list of all project documents 
and drawings, see Drawing H-2-838745, LERF Basin 41 Drawing List/Title sheet.

1.2 PROJECT SCOPE

The scope of this project includes installation of field instrumentation and control (I&C) 
equipment and termination of field wiring at LCU55M17 (LCU-17). LCU-17 is located in
instrumentation building 242AL71.  The design scope does not include modification of LCU-17
hardware, or software development.  The design to upgrade LCU-17 to an Asea Brown Boveri 
(ABB) 800xA platform is currently in scope for the ETF Monitor and Control System (MCS)
upgrade project.  These upgrades will include adequate spare capacity for future LERF Basin 41 
inputs and outputs. See engineering change notice (ECN) ECN-715497, ABB MCS Upgrade,
LCU55M17 Modification, and Drawing set H-2-838830, ETF MCS ABB Upgrade 
Instrumentation LCU55M17 Wiring, for details.
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2.0 OVERALL DESCRIPTION

Project T1P226, “ETF Basin 41 Installation,” includes the scope associated with the LERF 
Basin 41 activities.  The LERF Basin 41 activities consist of design for the installation of a basin 
liner, cover, piping, and equipment including:

! a LERF basin;
! a catch basin;
! a basin pump;
! a leachate pump;
! piping between basins and the ETF;
! electrical modifications;
! lighting; and
! instrumentation and controls.

The key content of this document includes an overall description of LERF Basin 41 from an I&C
field instrumentation perspective.  For Basins 41, 42, 43, and 44 Piping and Instrumentation 
Diagram (P&ID), see Drawing H-2-88766, P&ID LERF Basin & ETF Influent Evaporator.  For 
I/O List, see Appendix A.  For Equipment Layout Diagram, see Appendix B.

2.1 RECEIVE EFFLUENT

Effluent is received into Basin 41 from multiple sources, but only from one source at a time.  The 
source of the effluent is determined by the lineup of catch basin manual valves located at the 
northwest corner of each LERF basin.

2.1.1 Waste Treatment and Immobilization Plant

Basin 41 will be configured to receive effluent from WTP.  The effluent from WTP is received 
through Riser RB-R-41-8.  The scope of the ETF MCS upgrade project includes design and 
implementation for a new communications interface between the LCU-17 and the WTP MCS.

2.1.2 242-A Evaporator

Basin 41 will be configured to receive effluent from the 242-A Evaporator.  The effluent from 
the 242-A Evaporator is received through Riser RB-R-41-7.  The scope of the ETF MCS upgrade 
project includes design and implementation for a new interface between the LCU-17 and the 
242-A Evaporator.

2.1.3 Liquid Effluent Retention Facility Basins

Basin 41 will be configured to receive effluent from Basins 42, 43, or 44.  Received effluent is 
through Riser RB-R-41-4.
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2.1.4 Tanker Truck/Purge Water

The LERF has the capability to receive tanker truck leachate shipments at the ETF Surge Tank 
sump piping area that can then be transferred to any of the basins.  Basin 41 effluent is received 
through Riser RB-R-41-4 or Riser RB-R-41-8.  When receiving effluent from ETF, 
valves AOV-60A056 and AOV-60A055 must be open, see Drawing H-2-88974, Piping and Inst 
Diag Influent Reception System.  Following an ETF campaign, the processing equipment is 
purged and flushed to ensure proper cleanliness and to mitigate cross-contamination between 
waste streams.  The flush water (verification water) is discharged back to LERF.

2.2 TRANSFER EFFLUENT

All effluent being transferred out of Basin 41 is accomplished via Pump P-41-4 through 
Riser RB-R-41-5.  The route and final destination of the effluent is determined by the manual 
arrangement of catch basin valves located on the northwest corner of each LERF Basin.  
Valve LV-P41-4-1 is adjusted to control flow and does not determine the path of the effluent.  
When the logic status is in auto mode, the valve is modulated to control level. (Note: the 
existing level valves in Basins 42, 43, and 44 are positioned manually at the catch basins and 
auto mode, although available, are not used.)

2.2.1 Effluent Treatment Facility

The primary purpose of the LERF system is to store effluent that will eventually be transferred 
and processed by the ETF.

2.2.2 Liquid Effluent Retention Facility Basins

Basin 41 system can be configured to transfer effluent to Basin 42, Basin 43, or Basin 44.

2.3 RECIRCULATION

2.3.1 Recirculation 

Basin Pump P-41-4 can be configured to recirculate Basin 41 contents by pumping effluent out 
of Riser RB-R-41-5 and routing the effluent back down riser RB-R-41-4.  During recirculation,
Valve LV-P41-4-1 must be kept between 31% and 61% open to prevent pump cavitation and 
pump run-out.
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3.0 PROCESS CONTROL NARRATIVE

3.1 BASIN PUMP P-41-4

3.1.1 Local Control

When the ABB Control System Permissive/stop Contact 55M17-D-12 is closed, Basin 
Pump P-41-4 can be operated locally from Motor Starter DS-P41-4 (see Drawing H-2-79668, 
Electrical Elementary Diagram Basin 41 Pumps). The motor control panel provides indication 
of Pump Status ON (YL-P41-4-3), or Pump Status OFF (YL-P41-4-5).

3.1.2 Remote Mode

Basin Pump P-41-4 can be monitored and controlled remotely from the ETF MCS.  With the 
ABB Control System  permissive/stop contact 55M17-D-12 closed, the pump can be started
from hand switch HS-P-41-3 (ABB Control System output 55M17-D-13).  The pump is shut
down remotely by opening the ABB Control System permissive/stop contact 55M17-D-12.
YS-P41-4-1, provides indication of pump status.

3.1.3 Level Indicating Controller LIC-P41-4-1 (Auto Mode)

When transferring to the ETF Surge Tank Basin, Pump P-41-4 can be controlled automatically 
through Loop P41-4-1 and Loop 60A012 (see Drawings H-2-89337, Piping and Inst Diagram 
Surge Tank System, and H-2-88974).  Level Transmitter LT-60A012 measures the surge tank 
level.  The level information is used by Level Indication Controller LIC-P41-4-1 to adjust valve 
position (see Drawing H-2-88766, Sheet 6).  Valve position is monitored by ZT-P41-4-1. As the 
level of the surge tank rises, the valve is slowly closed by Electric Actuator LV-P41-4-1.  
Process flow is monitored by FIT-P41-4-1 and pump current is monitored by II-P41-4-2.

3.1.4 Stop Pump Interlock I-P41-4

The following logic conditions will result in a Pump P-41-4 shut down.

! Any Catch Basin Leak Detector that detects a leak or high-level condition (LDS-41-8, 
LDE-42-1, LDE-43-1, LDE-44-1).

! The LERF Condensate Line leak detector detects a leak or high-level condition 
(LDS-60M01A, LDS-60M01B, LDS-60M01C, LDS-60M01D).

! Leak Detector LDS-42-3 detects a leak or high-level condition when transferring 
effluent to Basin 42.
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! Surge tank level alarm High is energized (LAH-60A013, LAHL-60A012).  The 
high-level condition results in a pump shut down and an alarm.

! Flow to the surge tank is less than 55 gpm (FI-P41-4-1) for longer than 40 seconds.

! Emergency Stops are activated by HS-ESTOP4 or ETF ESTOP VD-315143.

! Remote stop from the ETF MCS.

The ETF MCS upgrade project software requirement specification is replacing logic diagrams 
and will include the logic for Basin 41.  For existing Basin Programmable Logic Controller
logic, see Drawing H-2-88815, Instrumentation Sequential Logic Diagram LERF Basin, for 
details.

3.2 LEACHATE PUMP P-41

3.2.1 Local Control

Leachate Pump P-41 can be controlled locally from Motor Starter DS-P-41 (see
Drawing H-2-79668).  Manual, Off, or Auto mode is selected using local Hand Switch 
HS-P41-2.  If switched to the manual position, Pump P-41 will start.  Pump P-41 is shut down by 
moving Hand Switch HS-P41-2 into the OFF position.  The motor control panel provides 
indication of Pump Status ON (YL-P41-1) or Pump Status OFF (YL-P41-3).

3.2.2 Auto Mode

The pump can be run two ways in auto mode.  Hand switch HS-P41-2 needs to be in the auto 
position for either auto mode to work.  The first option is Pump P-41 is controlled by the ETF 
MCS.  The pump will turn on when LIT-41-1 detects a high-level condition of approximately 
9 in. and turn off when a leachate low-level condition of approximately 6 in. is detected.  With 
option two, the pump can be set to turn on when LSH-41-3 detects a high-level condition of
approximately 9 in. and will turn off when the water level has been pumped down to 
approximately 6 in.  Pump current is monitored by II-P-41-4.

3.2.3 Remote Mode

Leachate Pump P-41 can be controlled remotely through the ETF MCS.  Hand Switch HS-P-41
starts and stops the pump. YS-P-41 provides indication of pump status.
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3.3 BASIN 41 MONITORING

3.3

3.3.1 Main Basin Level

The Main Basin Level LI-BSN41 is displayed at the ETF MCS.

3.3.2 Catch Basin Level Detector

If Level Detector Switch LDS 41-8 detects a high-level condition, it will result in an alarm in the 
ETF MCS (LDA-41-8).

3.3.3 Leak Detection

Outside the catch basin, the primary and secondary pipes are Reinforced Thermosetting Resin 
Pipe (RTRP) (see RPP-SPEC-63632, LERF Basin 41 Construction Specification).  The
secondary RTRP has leak detectors LDS-41-4, LDS-41-5, LDS-41-6, and LDS-41-7.  Leak 
Detector LD-42-3 was added to the Basin 42 catch basin to detect leaks during basin to basin 
transfers.  Upon effluent detection, each leak detector will cause an alarm in the ETF MCS. 

4.0 SOFTWARE AND INTEGRATION

4.1 INTERFACE TO OTHER SYSTEMS

Instrumentation and controls will be terminated at LCU-17, including field wiring.  Integration
into the ETF MCS will be implemented by the ETF MCS upgrade project. LDA-41-5, 
LDA-41-8, LI-LCH41, LI-BSN41 and YS-P-41 shall be shared with the 242-A control room.  
This allows the evaporator to detect leaks at Basin 41 during transfers (see the basin/leachate 
level) and know when the leachate pump is running. See ECN-715586, title, and 
Drawing H-2-88766, sheet 1, for details.

4.2 PROGRAMMING AND SOFTWARE DEVELOPMENT

Programing and software development is out of the scope of this project.  It will be completed by
the ETF MCS upgrade project.

RPP-RPT-62003 Rev.00 5/26/2020 - 2:55 PM 12 of 17



RPP-RPT-62003, Rev. 0

7

5.0 REFERENCES

ECN-715497, 2020, ABB MCS Upgrade, LCU55M17 Modification, Revision 0, Washington 
River Protection Solution, LLC, Richland, Washington.

ECN-715586, 2020, LERF Basin 41 - I&C Installation, Revision 0, Washington River Protection             
Solution, LLC, Richland, Washington.

H-2-79668, Sheet 6, 2020, Electrical Elementary Diagram Basin 41 Pumps, Revision 0, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-838745, Sheet 1, 2020, LERF Basin 41 Drawing List/Title Sheet, Revision 0, Washington 
River Protection Solution, LLC, Richland, Washington.

H-2-838830, 2020, ETF MCS ABB Upgrade Instrumentation LCU55M17 Wiring, Revision 0, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-88766, Sheet 2, 2018, P&ID LERF Basin & ETF Influent Evaporator, Revision 16, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-88766, Sheet 3, 2018, P&ID LERF Basin & ETF Influent Evaporator, Revision 20, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-88766, Sheet 4, 2018, P&ID LERF Basin & ETF Influent Evaporator, Revision 22, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-88766, Sheet 6, 2020, P&ID LERF Basin & ETF Influent Evaporator, Revision 0, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-88815, 2008, Instrumentation Sequential Logic Diagram LERF Basin, Revision 7, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-88974, Sheet 1, 2018, Piping & Inst Diag Influent Reception System, Revision 19, 
Washington River Protection Solution, LLC, Richland, Washington.

H-2-89337, Sheet 1, 2019, Piping and Inst Diagram Surge Tank System, Revision 1, Washington 
River Protection Solution, LLC, Richland, Washington.

RPP-SPEC-63632, 2020, LERF Basin 41 Construction Specification, Revision 0, Washington 
River Protection Solution, LLC, Richland, Washington.

RPP-RPT-62003 Rev.00 5/26/2020 - 2:55 PM 13 of 17



RPP-RPT-62003, Rev. 0

A-1

APPENDIX A

INPUT/OUTPUT LIST
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A-2

Instrument 
Designator Loop Number Inst Type SERVICE Description

Software tag 
only I/O Conn. Signal Type

Process Range 
min/max           Manufacturer Model Range

Calibrated 
@ HI HI ALM HI ALM LO ALM LO LO ALM LCU Cluster Slot Channel

Data 
Sheet# P&ID Dwg#

Loop / 
Elementary 

Dwg # Detail Dwg # Notes

LDS-41-4 41-4 LDS Water Encasement Leak Detection DI 24 VDC N/A FCI see data sheet N/A N/A N/A 5/16 inch N/A N/A 17 C2 7 12 LD-101
H-2-88766 SH 

6 H-2-88818-001 H-2-88813-004

LDS-41-5 41-5 LDS Water Encasement Leak Detection DI 24 VDC N/A FCI see data sheet N/A N/A N/A 5/16 inch N/A N/A 17 C2 7 13 LD-101
H-2-88766 SH 

6 H-2-88818-001 H-2-88813-004

LDS-41-6 41-6 LDS Water Encasement Leak Detection DI 24 VDC N/A FCI see data sheet N/A N/A N/A 5/16 inch N/A N/A 17 C2 7 14 LD-101
H-2-88766 SH 

6 H-2-88818-001 H-2-88813-004

LDS-41-7 41-7 LDS Water Encasement Leak Detection DI 24 VDC N/A FCI see data sheet N/A N/A N/A 5/16 inch N/A N/A 17 C2 7 15 LD-101
H-2-88766 SH 

6 H-2-88818-001 H-2-88813-004

LDS-41-8 41-8 LDS Water Catch Basin Leak Detection DI 24 VDC N/A FCI see data sheet N/A N/A N/A 9 inch N/A N/A 17 C2 7 16 LD-101
H-2-88766 SH 

6 H-2-88818-001 H-2-88813-004

LDS-42-3 42-3 LDS Water Encasement Leak Detection DI 24 VDC N/A FCI see data sheet N/A N/A N/A 5/16 inch N/A N/A 17 C2 7 11 LD-101
H-2-88766 SH 

2 H-2-88818-001 H-2-88813-004

LY-41-3 41-3 LSH Water
Leachate Switch High Level 

Point Detection DI 24 VDC N/A B/W controls see data sheet N/A N/A N/A 10.5 inch 2 inch N/A 17 C2 7 10 L-103
H-2-88766 SH 

6 H-2-88818-001 H-2-88813-004

YS-P41-4-1 P41-4-1 YS Water
Basin Pump P-41-4 On/Off 

Status DI 24 VDC N/A N/A N/A N/A N/A N/A N/A N/A N/A 17 C2 7 8 N/A
H-2-88766 SH 

6 H-2-88818-001 N/A

YS-P-41 P-41 YS Water
Leachate Pump P-41 On/Off 

status DI 24 VDC N/A N/A N/A N/A N/A N/A N/A N/A N/A 17 C2 7 9 N/A
H-2-88766 SH 

6 H-2-88818-001 N/A

HS-P41-4-3 P41-4-3 HS Water
Basin Pump P-41-4 start 

Command DO 120 VAC N/A N/A N/A N/A N/A N/A N/A N/A N/A 17 C3 6 3 N/A
H-2-88766 SH 

6 H-2-79668-006 N/A

HS-P41-4-3 P41-4-3 HS Water
Basin Pump P-41-4 Stop 

Command DO 120 VAC N/A N/A N/A N/A N/A N/A N/A N/A N/A 17 C3 6 2 N/A
H-2-88766 SH 

6 H-2-79668-006 N/A

HS-P-41 P-41 HS Water
Leachate Pump P-41 
Start/Stop Command DO 120 VAC N/A N/A N/A N/A N/A N/A N/A N/A N/A 17 C3 6 4 N/A

H-2-88766 SH 
6 H-2-79668-006 N/A

LIT-41-1 41-1 LIT Water Leachate Level Transmitter AI 4-20 mA 0-27 inch Viatran see data sheet 0-27 inch 0-13 inch N/A N/A N/A N/A 17 C2 3 2 L-102
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

FIT-41-1 41-1 FIT Water
Leachate Pump P-41 supply 

Flow Transmitter AI 4-20 mA 3.7-10.0 gpm Rosemount see data sheet 0.038-37 gpm NA N/A N/A N/A N/A 17 C2 3 4 F-101
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

IT-P41-4-2 P41-4-2 IT Water
Pump P-41-4 Current 

Transmitter AI 4-20 mA 0-20 amp CR Magnetics see data sheet 0-20 Amp N/A N/A N/A N/A N/A 17 C2 3 8 N/A
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

IT-P41-4 P41-4 IT Water
Pump P-41 Current 

Transmitter AI 4-20 mA 0-20 amp CR Magnetics see data sheet 0-20 Amp N/A N/A N/A N/A N/A 17 C2 3 7 N/A
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

LT-P41-4-1 P41-4-1 LIT Water Basin 41 Level Transmitter AI 4-20 mA 0-27 ft DrexelBrook see data sheet 0-27 ft 0-27 f t N/A N/A N/A N/A 17 C2 3 3 L-102
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

ZT-P41-4-1 P41-4-1 ZT Water
Valve LV-P41-4-1 Position 

Transmitter AI 4-20 mA 0-90 ° Bray see data sheet 0-90 ° 0-90 ° N/A N/A N/A N/A 17 C2 3 6 LV-101
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

FIT-P41-4-1 P41-4-1 FIT Water
Basin Pump P-41-4 supply 

Flow Transmitter AI 4-20 mA 75-150 gpm Rosemount see data sheet 0.418-408 gpm 0-180 gpm N/A N/A N/A N/A 17 C2 3 5 F-102
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

LV-P41-4-1 P41-4-1 LV Water Level Valve Command AO 4-20 mA 0-90 ° Bray see data sheet 0-90 ° 0-90 ° N/A N/A N/A N/A 17 C2 5 4 LV-101
H-2-88766 SH 

6 H-2-88813-001 H-2-88813-001

LERF Basin 41 I/O list- 100% 
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APPENDIX B

CATCH BASINS 242AL-41, 242AL-42, 242AL-43, AND 242AL-44 PIPING AND 
EQUIPMENT LAYOUT DIAGRAM
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1.0 INTRODUCTION

The Liquid Effluent Retention Facility (LERF) currently operates three basins adjacent to the 
Effluent Treatment Facility (ETF), located just north of the 200 East tank farms.  The basins 
store wastewater from several Hanford sources, including condensate from the 242-A 
Evaporator, and dilute waste streams from solid waste disposal facilities, and site cleanup 
activities. The wastewater is eventually processed through ETF.

Once the Waste Treatment and Immobilization Plant (WTP) begins processing waste, it will send 
wastewater from the Effluent Management Facility (EMF) to the LERF, prompting the need for 
a fourth basin, 242AL-41, (Basin 41) to ensure sufficient storage capacity from the new source.  
Basin 41 will be sized the same as the other three basins, and will be able to hold approximately 
7.8 million gallons of wastewater.  Basin 41 was roughly dug out at the same time (1990) as the 
other active basins (242AL-42, 242AL-43, and 242AL-44), but further work has not been 
performed to complete the basin.  

An assessment of certain materials of construction for Basin 41 and its ancillary equipment is 
necessary to demonstrate that the basin will be able to perform its function of retaining the 
wastewater. The materials will need to be compatible with all sources of wastewater - currently
242-A Evaporator condensate, dilute waste streams, groundwater, and EMF wastewater.

2.0 BACKGROUND

The construction of Basin 41 includes the construction of the following basin and ancillary 
equipment per the construction specification, RPP-SPEC-63632, LERF Basin 41 Construction 
Specification:

1. Basin 41 multipart liner system (Figure 2-1).

2. Basin 41 floating cover system.

3. Concrete catch basin including:

a. Chemical resistant coatings

b. Metallic and non-metallic piping and manifold systems, and

c. Anchors for in-basin equipment.

4. The double containment reinforced thermosetting resin pipe (also known as Fiberglass 
reinforced pipe [FRP1]) extending into the catch basin.  

a. Two pipelines will be tied into existing lines, EVAP COND-PC5000 and 
WTP-001.

b. Two additional intra-basin lines, 60M-010 and 60M-011.

                                                
1 The manufacturer of the selected pipe refers to the product as FRP (Conley Composites).  As a result, the pipe will 
be referred to as FRP for the remainder of this report.
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5. Basin 41 equipment such as piping, risers, pumps, etc.

It is expected that Basin 41 will be a recipient of wastewater from several origins, including the 
new EMF wastewater stream.  Prior to waste acceptance, the New Waste Stream Acceptance 
Checklist (HNF-3172, Liquid Waste Processing Facilities Waste Acceptance Criteria) must be 
completed and approved.  Among other items, the checklist ensures that the constituents of the 
wastewater stream do not exceed the liner compatibility limits.  

2.1 REQUIREMENT FLOWDOWN

The materials of construction are being evaluated to ensure that they are compatible with the 
wastewater in accordance with two Washington Administrative Codes (WACs).  Waste transfer 
piping, up to the first valve in the catch basin, is regulated under WAC 173-303-640, Tank 
Systems.  The basin liner is regulated under WAC 173-303-650, Surface Impoundments.  The 
requirements from the WAC standards as they pertain to this material compatibility assessment 
are as described in Table 2-1.  The WAC 173-303-640 regulation applicability is depicted in 
Figure 2-2.

Table 2-1.  Wastewater Compatibility Requirement Flowdown.

Location WAC 
Requirement Part Requirement 

(paraphrased for clarity)

Basin 
primary 

liner
173-303-650

(2)(a)(i)(A) The impoundment liner will have the appropriate chemical 
properties to prevent failure due to physical contact with the 
wastewater to which they are exposed, climatic conditions, the 
stress of installation, and the stress of daily operation.

Up to first 
valve in 
manifold

173-303-640

(3)(a) Owners or operators of new tank systems or components must 
obtain a written assessment, reviewed and certified by an 
independent, qualified registered professional engineer, attesting 
that the tank system has sufficient structural integrity and is 
acceptable for the storing and treating of dangerous waste.  The 
assessment must show the tank system has sufficient structural 
strength, compatibility with the waste(s) to be stored or treated, and 
corrosion protection to ensure that it will not collapse, rupture, or 
fail.

(3)(a)(iii)(A)
(VIII)(B)(I)

The type and degree of external corrosion protection that are 
needed to ensure the integrity of the tank system during the use of 
the tank system or component, consisting of: Corrosion-resistant 
materials of construction such as special alloys, fiberglass 
reinforced plastic, etc.
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Figure 2-1.  Basin 41 Liner System Schematic.

Figure 2-2.  Basin 41 Piping Regulation Interface View.

Reference: H-2-838749, Sh 1.

Regulation interface.  See 
Section 2.1.
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3.0 SCOPE AND METHODOLOGY

3.1 ASSESSMENT METHODOLOGY

This assessment evaluates the compatibility of applicable Basin 41 and ancillary equipment 
materials with the anticipated wastewater. Guidance contained in standard TFC-ENG-STD-34, 
Standard for the Selection of Non-Metallic Materials in Contact with Tank Waste, has been 
applied for this assessment.  Based on the guidance in TFC-ENG-STD-34 and the WAC 
requirements, only the components listed below need to be assessed in this evaluation.

! Materials under WAC 173-303-640:

1. FRP inner liner,

2. Full Face gaskets, and

3. Catch basin coating (secondary containment).

! Materials under WAC 173-303-650:

1. Geomembrane liner, and

2. Floating cover2.

Radiation resistance, chemical resistance, temperature constraints, and application constraints 
will be considered in this evaluation.  Materials used to construct the three operating basins were 
evaluated in WHC-SD-W105-TD-001, 9090 Test Results.  A follow-up compatibility assessment 
was performed by ETF personnel to expand on the wastewater simulant results to include the 
current chemical families and constituents now identified in HNF-3172.  Where the materials 
used to construct Basin 41 are the same or similar to the original materials, operational 
experience in conjunction with previously documented evaluations will be used as input for this 
evaluation.

The following methodology was used to determine if the components are appropriate for use in 
Basin 41.

1. Calculate the expected dose rate and final dose of the LERF Basin wastewater 
sources (Appendix A) using The LERF Safety Basis Limits identified in Appendix D 
of HNF-3172.

2. Develop a component list (Table 3-1) derived from applicable drawings (Table 3-2).

                                                
2 The floating cover is only mentioned as a part of the system to be inspected for integrity during and following 
installation.  The requirement does not mandate that it be made out of a material that must be chemically resistant; 
however, since it is in direct contact with wastewater, it will be included to support discussion on maintenance. 
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3. Provide an evaluation of each material in the expected environment (Section 4.0).

4. Provide recommendations to facilitate component life (Section 5.0).

Table 3-1.  Basin 41 Component for Evaluation List.

Component Part Material Assembly and 
Environment

Basin Primary 
Liner Geomembrane HDPE Basin 41

Full Face Gasket Gasket EPDM FRP Pipe

Double 
Containment 

Primary (Inner) 
Piping and 

Fittings

Inner Liner
FRP - Liner Nexus 
(polyester veil with 

Epoxy resin)

FRP Buried
and Above 
Grade Pipe

Basin Floating 
Cover

Bottom Layer 
Geomembrane CSPE Basin 41

Catch Basin 
Coating Coating Siloxane Catch Basin

CSPE – Chlorosulfanated Polyethylene

Table 3-2.  Basin 41 Component Drawing List.

Drawing and Sheet No Title
H-2-838765, Sh 3-7 LERF Basin 41 Mechanical Sections
H-2-838767, Sh 1-2 LERF Basin 41 Catch Basin Isometric and Parts List

3.2 INPUTS

1. A design life for Basin 41 and ancillary equipment has not been established.  For the 
purposes of this material evaluation, a design life of 30 years has been used to provide 
clarification and recommendations.

2. The LERF Liner Compatibility Limit table has been generated in HNF-3172.  The table 
has been provided in Table 3-3.
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Table 3-3.  LERF Liner Compatibility Limits.

Chemical family Constituent(s) or parameter(s) Limit1 (mg/L)

Alcohol/glycol 1-butanol 500,000
Alkanone2 acetone 200,000
Alkenone3 none targeted N/A
Aromatic/cyclic
hydrocarbon

acetophenone, benzene, carbozole, 
chrysene, cresol, di-n-octyl phthalate, 
diphenylamine, isophorone, pyridine, 
tetrahydrofuran

2,000

Halogenated
hydrocarbon

Aroclors, carbon tetrachloride, 
chloroform, hexachlorobenzene, lindane 
(gamma-BHC),
hexachlorocyclopentadiene, methylene
chloride, p-chloroaniline, 
tetrachloroethylene, 2,4,6-trichlorophenol

2,000

Aliphatic
hydrocarbon

none targeted N/A

Ether dichloroisopropyl ether 2,000
Other hydrocarbons acetontrile, carbon disulfide, 

nnitrosodimethylamine, tributyl 
phosphate

2,000

Oxidizers none targeted N/A
Acids, bases, salts ammonia, cyanide, anions, cations 100,000
pH PH 0.5 < pH < 13.0
1 Analytical data for a chemical family (as indicated) are summed using the following sum-of-fractions 
technique. The individual constituent concentrations, sum concentrations (for families), and pH values 
for a wastewater are then evaluated against the compatibility limit.�������������� ≤ 1�

���
where ‘i’ is the number of constituents in the chemical family that were detected.

2 Ketone containing saturated alkyl group(s).
3 Ketone containing unsaturated alkyl group(s).

Table Reference: HNF-3172

3. Dose rates were determined for the basin cover, liner, piping, and catch basin in 
Appendix A. The highest estimated dose rates for each system location were used for 
conservatism.  Note that due to the configuration, the dose rate calculated for the basin 
wall is less than the dose rate calculated for the bottom of the liner.  The wall dose rate 
will be neglected, and the bottom of the liner dose rate will be used for all of the liner.  
The dose rate and dose at 30 years for each component is presented in Table 3-4.
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Table 3-4.  LERF Wastewater Estimated Bounding Dose Rates and Total Dose.

Wastewater Dose 
Location

Dose Rate
[rad/hr]

Total Exposure at 30 Years
[rad]

Basin 41 Cover
2.84E-02 7,457

Basin 41 Liner
Transfer Piping 8.58E-03 2,254
Catch Basin 3.43E-02 9,016
Reference: Appendix A
Note: The Basin 41 wall dose rate and total dose is less than the bottom of the basin, and will 
not be used in this evaluation.

4. Most literature data on the degradation of non-metallic materials, exposed to ionizing 
radiation, come from accelerated tests using high gamma radiation dose rates on free 
form specimens in air.  Errors can arise in applying short-term, high-dose-rate test data to 
predict the effects of radiation on materials exposed to lower dose rates over long periods 
of time in liquid.  For the purposes of this evaluation, it has been assumed that short-term, 
high-dose-rate test data can be reasonably applied to predict the performance of the basin 
non-metallic materials. 

3.3 ASSESSMENT LIMITATIONS

3.3.1 Radiation Resistance

Radiation effects on materials are assumed to be the result of gamma radiation in this analysis.  
Beta radiation has been shown to affect waste transfer components over long periods of exposure 
in similar ways to gamma radiation (Wright 2006, Clegg 1991); however, due to beta’s decreased 
ability to penetrate material, it is deemed conservative to consider the total dose delivered by the 
media in each stream to consist entirely of gamma.  Gamma radiation, while less ionizing than 
beta, can better penetrate most substances and is therefore considered to have a much greater 
effect on the properties of polymeric materials (Wright 2006, Clegg 1991).  It is for this reason 
that the overwhelming majority of data available for the effects of radiation on non-metallic 
materials pertains to the effects of gamma only; data related to the effects of beta on these 
compounds is limited.  Any damage induced by beta radiation is likely to be conservatively 
bounded by the anticipated effects of gamma radiation. 

Under irradiation, polymers generally undergo two types of reaction:  cross-linking and/or chain 
scission.  The cross-linking process increases the rigidity and hardness.  Chain scission decreases 
the modulus of elasticity, reduces yield stress, increases elongation, and decreases hardness.  
Chain scission may also cause embrittlement or affect the release of hydrogen gas.  Both 
cross-linking and chain scission can significantly alter the properties of a polymer; however, not 
all polymers are affected equally.  

RPP-RPT-62215 Rev.00 5/26/2020 - 3:33 PM 13 of 59



RPP-RPT-62215, Rev. 0

8

Radiation data for polymeric materials in the literature are difficult to apply directly to LERF 
Basin conditions.  Nearly all radiation resistance data for polymers have been generated in 
short-term tests using high gamma radiation dose rates where the material under test is in air and 
not under tensile stress.  Several important factors listed below must be considered when 
reviewing radiation test data generated in this manner.

1. Materials exposed to high dose rates will absorb more radiation dose before 
exhibiting a given loss in mechanical properties than materials irradiated at lower 
dose rates (Wright 2006).  Thus, data generated with high dose rates and short 
exposure times cannot be reliably used to predict the service life of similar materials 
exposed to much lower dose rates for a longer period of time given the same total 
dose exposure.  Dose rates for the evaluated components are much lower than typical 
dose rates used in accelerated materials testing.

2. Many radiation degradation products produced in polymers require oxygen to form 
(Wright 2006).  Thus, the rate of radiation-induced degradation is often faster for 
materials irradiated in oxygen-containing environments than for materials irradiated 
in deoxygenated environments.  Results from tests on materials irradiated in 
oxygenated environments cannot be reliably used to predict the service life of similar 
materials used in deoxygenated or reduced-oxygen environments.

3. Degradation rates also increase with temperature, largely due to the increase in 
oxygen permeability with temperatures (Wright 2006, Clegg 1991).  Depending on 
test temperature, test data may not accurately reflect field conditions.

4. Degradation of materials due to irradiation continues after removal from the radiation 
source (Wright 2006).  Thus, test data may not reflect service conditions, depending 
on how soon mechanical testing is performed following irradiation.

5. The rate of degradation increases when stress and radiation are concurrently applied 
(Wright 2006).  Because almost no testing is performed with the polymer under 
stress, test results tend to overestimate the useful life of an irradiated polymer in 
service.

6. Radiation testing is most often performed on thin samples of materials (Wright 2006).  
Thin samples degrade more rapidly than thick samples.  Depending on how close test 
specimen thicknesses are to installed material thicknesses, data may again be skewed.

7. The performance of gaskets is strongly dependent on the compressive properties of 
the elastomer (Wright 2006).  Under irradiation, radiation-induced cross-linking may 
increase the modulus of elasticity of the material only slightly, but if this occurs while 
the material is in compression, there will be a significant loss of “elastic memory” 
and an associated loss in sealing capability (Wright 2006).  Tests performed on 
relaxed elastomers, not under compression, will not likely be representative of 
materials to be used in service under compression to prevent leakage.

These traits of polymer irradiation data must be considered in the material analysis (as 
applicable) for the LERF Basin components.  Unless test conditions match service conditions, 
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the estimated useful life analyses for polymers presented herein can only be considered a rough 
estimate of expected field performance.  

It should be noted that these results are based only on a literature review of compatibility data 
and do not take into account possible synergistic effects of radiation plus chemical exposure, 
process upsets creating environments outside the bounds of this assessment, temperature 
differences, or other errors associated with applying short-term test data prediction of long-term 
performance.

3.3.2 Chemical Compatibility

The LERF can accept Hanford Site generated mixed, low-level, dangerous, or non-regulated 
wastewater, provided the wastewater meets the facilities' waste acceptance criteria as described 
in HNF-3172.  Laboratory testing was performed on the initial wastewater simulant for 
compatibility with the High Density Polyethylene (HDPE) geomembrane liner and FRP prior to 
the construction of the original three basins (WHC-SD-W105-TD-001).  As discussed in Design 
Input 2, the constituents in the original simulant were expanded in HNF-3172 to encompass 
chemical families, based on the testing and vendor compatibility data, to ensure the integrity of 
the basin liner and piping materials.  These established threshold values are listed in HNF-3172
(and also presented in Table 3-3 in this document).

Although threshold values in HNF-3172 are already established for two of the materials in the 
Basin 41 system, the following information should be taken into consideration when
understanding how laboratory test results apply to operational environments.

The predicted LERF Basin wastewater streams are, in effect, a dilute solution of many chemical 
constituents of varying concentrations.  The material/chemical compatibility data generated from 
the original testing and the supplemental vendor data were generated from relatively short-term 
tests performed on material coupons subjected to solutions that do not fully represent the current 
wastewater composition(s).  In the case of the original test data documented in 
WHC-SD-W105-TD-001, the recipe for the simulant no longer reflects the current wastewater 
water composition. The formulation for the simulant originally tested was limited to 22 
constituents and as previously noted, was later expanded to encompass the chemical families in 
HNF-3172.

As described in TFC-ENG-STD-34, the geometry of the materials in this assessment contributes 
to how the material behaves in response to chemical exposure and changes in temperature.  In 
general, “free-form” or unconstrained, unstressed specimens tend to suffer greater impacts from 
chemical exposure than do materials that are constrained during use (e.g., gaskets, seals, etc.).  
Since most chemical testing is performed on unstressed, free-form specimens of materials, test 
results are likely conservative as applied to constrained materials such as the gasket.

The limitations of applying laboratory test data, as described above, to predict actual operating 
behavior must be considered in the material analysis for the Basin 41 materials.  The prediction 
of material behavior as presented herein can only be considered a rough estimate of expected 
field performance.  
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This evaluation may not account for all possible chemical interactions, synergistic effects (with 
radiation), or errors associated with applying short-term test data to long-term applications.

4.0 EVALUATION

4.1 RADIATION RESISTANCE

Radiation contribution to the degradation of Basin 41 materials is expected to be low in 
comparison to radiological thresholds used to evaluate materials.  However, the overall impact of 
radiation on the integrity of the materials, including the synergistic effects of radiation with 
chemical attacks, cannot be ignored in this assessment.  As previously stated, without test data 
that includes both radiation and chemical attack, the actual synergistic effects cannot be known;
however, this assessment discusses the impact of both influences to help determine the expected 
impact on the materials. 

Assuming continuous exposure to the LERF Basin wastewater bounding conditions, the 
maximum radiation doses over a 30 year life (Design Input 1), 7,457 rad, 2,254 rad, and 9,016
rad (0.007 Mrad, 0.002 Mrad, and 0.009 Mrad) for the basin cover and liner, transfer piping, and 
catch basin respectively (Design Input 3).  The anticipated doses are well under the maximum 
material threshold values presented in Table 4-1.

Table 4-1 summarizes the results of the literature review on radiation resistance for the materials 
listed in Table 3-1.  See below for a radiation resistance discussion of each material used in the 
basin.
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Table 4-1.  Radiation Resistance of LERF Basin Wastewater Components.

Material Reference 
Name

Signs of Degradation at 
Radiation Exposure 

(Mrad) at 70°F Notes

Initial Severe
Polyester 

(FRP veil) (1) Polyester 0.1 1.0

Aromatic Amine Cured 
Bisphenol A Epoxy

(FRP resin) (1),(2)
Epoxy 100 200

Ethylene Propylene 
Diene Monomer 

Rubber (1),(2)
EPDM 40 200 Other sources cite initial degradation at 100 

Mrad4

Siloxane(3) 0.5 N/A
Compression set highly sensitive, oxidation 
sensitive, peroxide cures leave residues that

may oxidize radiation-cure better.
High Density 

Polyethlyene (3) HDPE 0.38 10 Elongation increase at lowest reported 
threshold.

Chlorosulfonated 
Polyethelene (1) CSPE 10 100

(1) Wright 2006
(2) Clegg 1991
(3) Electric Power Research Institute (EPRI) NP-2129, Radiation Effects on Organic Materials in Nuclear Plants

FRP (veil and resin)

The direct buried pipes used to convey wastewater from outside of the LERF into the basins are 
composed of FRP.  FRP is a composite material made from a polymer matrix (epoxy) reinforced 
with fibers (polyester veil and wound filaments).  The wastewater is expected to only come into 
contact with and influence the inner liner.  The inner liner is comprised of 60 mil composite 
corrosion barrier, comprised of Bisphenol A epoxy and a polyester veil.  Though composite 
materials behave differently than their individual constituents, the resin in carbon filament epoxy 
composites has been shown to have the greatest effect on the outcome of mechanical properties 
following exposure to radiation (Clegg).  

Detrimental effects posed to the polyester veil, which is more susceptible to failure, can 
influence the adhesion between the matrix and the fibers.  However, the expected dose is low, 
and not expected to exceed the threshold of polyester fibers even without the barrier of an epoxy 
matrix.

FRP has been used to convey wastewater to the current basins since installation in the 1990s.  
There have been no reports of failures since installation.  The ETF (including the LERF basins) 
was inspected in 2019 and an integrity assessment report was documented in 
RPP-IQRPE-50043, FY19 Effluent Treatment Facility IQRPE Integrity Assessment.  The 
assessment concluded that the ETF tank system, including the FRP, is fit for use.  In conjunction 
with the passed assessment, it was recommended that the facility and its equipment be reassessed 
within another ten years.
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Radiation is not expected to have a great impact on the integrity of the FRP pipe used to convey 
wastewater to Basin 41 in a 30 year life, thus the FRP pipe is acceptable for continued use.

Ethylene Propylene Diene Monomer Rubber (EPDM)

EPDM is used as gasket material between the FRP pipe spools. EPDM is traditionally used as 
gasket material in other parts of Tank Farms due to its exceptional mechanical properties and 
radiation resistance.

Due to the high thresholds, and low expected dose, radiation is not expected to have a great 
impact on the integrity of the EPDM gaskets in the Basin 41 wastewater system in a 30 year life, 
thus the EPDM gaskets are acceptable for use.

Siloxane

Siloxane is a high performance engineered silicone-epoxy coating system intended for use as the 
top coat in the catch basin.  The top coat is the material expected to provide secondary 
containment for piping in the catch basin. Additional coating details are located in 
RPP-SPEC-63632.  The coating is expected to receive dose from wastewater in the transfer 
piping, and should not see any wastewater on the coating unless the piping has leaked during an 
upset condition.  Siloxane coating systems are typically used for their broad chemical resistance, 
ultra-violet light resistance, flexibility, and hydrophobic nature.  Traditional Siloxane resistance 
to ionizing radiation is not great due to crosslinking, particularly at elevated temperatures 
(EPRI).  Little literature information could be gathered for the hybrid coating system 
recommended in the construction specification, so conservatively, the lower threshold will be 
assumed.

Due to the low expected dose, radiation is not expected to have a great impact on the integrity of 
the Siloxane coating on the catch basin in the Basin 41 wastewater system in a 30 year life, thus 
the Siloxane coating is acceptable for use.

HDPE

HDPE is used as the basin primary liner geomembrane.  This material has an ionizing radiation 
threshold value much higher than the expected total dose for 30 years.  Additionally, HDPE is 
used in the construction of the current basins, and has not had any reported integrity issues. As 
with the FRP, RPP-IQRPE-50043 concluded that the HDPE liner is fit for continued use.  

Radiation is not expected to have a great impact on the integrity of the HDPE liner in the 
Basin 41 wastewater system in a 30 year life, thus the HDPE liner is acceptable for use.

Chlorosulfonated Polyethylene (CSPE)

A form of CSPE, Hypalon, was used in the original basin construction as the floating cover liner. 
Failure of a basin floating cover has been reported; however, the puncturing of the cover has 
been primarily attributed to mechanical means.  
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With respect to the radiation resistance reported for CSPE, radiation is not expected to have a 
great impact on the integrity of the CPSE floating cover in the Basin 41 wastewater system in a 
30 year life, thus the CSPE floating cover is acceptable for use.

4.2 CHEMICAL RESISTANCE

The chemical resistance of the HDPE liner and FRP transfer piping with LERF wastewater is 
currently assessed using the process described in HNF-3172.  Three additional materials, EPDM, 
CSPE, and Siloxane, require assessment per WAC regulations to ensure compatibility.  These 
materials are compared to the chemical families listed in Table 3-3 in Table 4-2 to determine 
compatibility.  See the evaluations for each material below.

HDPE and FRP

As previously discussed, two of the materials used in the current basin design, HDPE and FRP, 
were successfully tested using wastewater simulant in 1991.  Both of these materials were used 
in the construction of the original three basins.  Testing concluded that the materials did not 
suffer appreciable damage during waste exposure, and were fit for use.  Subsequent evaluations 
following decades of operation have concluded the same.  To ensure compliance with Resource 
Conservation and Recovery Act (RCRA) requirements, all wastewater streams are evaluated 
using the New Waste Stream Acceptance Checklist.  This ensures that the components of the 
wastewater streams do not exceed the liner compatibility limits established to maintain integrity.  
As a result, these two materials are acceptable for use in the Basin 41 wastewater system for a 
30 year life.

Table 4-2.  EPDM, CSPE, and Siloxane Compatibility with Liner Chemical Families.

Chemical 
Family

Limit
(mg/L)

Compatible

EPDM1 CSPE1 Siloxane4,5,6

Alcohol/glycol 500,000 Yes Yes Yes
Alkanone 200,000 Yes Yes Yes

Aromatic/cyclic
hydrocarbon 2,000 No No2 No

Halogenated
hydrocarbon 2,000 No No2,3 No

Ether 2,000 No Yes No
Other 

hydrocarbons 2,000 No Yes No

Acids, bases, 
salts 100,000 Yes Yes Yes

pH 0.5 < pH < 13.0 Yes Yes Yes
Note: See Table 3-3 for constituents.
Reference:
1 Pruett, 2005

2 Kelco
3 Graco
4 Ameron

5 Warco Biltrite
6 PPG

RPP-RPT-62215 Rev.00 5/26/2020 - 3:33 PM 19 of 59



RPP-RPT-62215, Rev. 0

14

EPDM

EPDM is used for FRP piping gaskets.  EPDM was compared to the listed chemical family and 
listed constituents (as available in literature) to determine if the material is acceptable for use 
(Table 4-2).  

EPDM is considered broadly resistant to most acids at the expected ambient temperatures.  
EPDM is used in gaskets, seats, seals, and hoses in tank farm applications, and has excellent 
performance history when exposed to a broad range of chemicals in various wastes. EPDM is 
not considered resistant to hydrocarbons and ether.  However, EPDM gaskets are currently 
installed between the FRP spools in existing basin infrastructure.  Gasket leaking or other 
integrity issues have not been reported during regular inspections.  As such, EPDM is acceptable 
for use in the Basin 41 system.

CSPE

CSPE is used for the Basin 41 floating cover.  CSPE was compared to the listed chemical family 
and listed constituents (as available in literature) to determine if the material is acceptable for use 
(Table 4-2).  An evaluation of the CSPE cover is not explicitly required to meet 
WAC 173-303-650; however, it has been included due to LERF history of cover failures, and in 
support of the maintenance and inspection requirements listed in the WAC.

CSPE is resistant to ultra-violet light and many chemicals, including acids and bases.  CSPE is 
commonly used as geomembrane covers in potable water storage facilities.  According to several 
manufacturers, CSPE is not generally considered compatible with aromatic or halogenated 
hydrocarbons; however, limited data could be compiled for compatibility with these chemicals.  
An instance of cover failure has been noted for Basin 42, however interviews with ETF 
personnel indicate that failure was likely due to excessive mechanical force on the liner during 
regular maintenance on the liner nearing the end of its design life.  CSPE geomembrane 
manufacturer literature indicates an expected design life of 20-30 years for the cover materials 
(Raven).  Embrittlement due to chemical exposure and long-term ultra-violet light exposure is 
not uncommon for polymers.

Due to regular cover inspection, wastewater stream review, limited mechanical interaction, and 
relatively low wastewater limits for aromatic and halogenated hydrocarbons, CSPE is acceptable 
for use in the Basin 41 system for a 30 year design life.

Siloxane

The selected Siloxane system is a silicone-epoxy hybrid coating system.  According to the 
manufacturer, this system is generally considered for splash and spill resistance, and is broadly 
resistant to dilute and concentrated organic and inorganic acids, alkali, solvents and oxidizing 
chemicals (PPG).  Its primary use is secondary containment applications in chemical process 
industries.  The coating system is generally recognized to not be resistant to hydrocarbons.  It is 
not expected to come into contact with the wastewater unless there is a leak in the FRP, limiting 
direct exposure. .  
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Based on limited exposure to the wastewater constituents, Siloxane is considered appropriate as a 
secondary containment coating for use for the life of the Basin 41 wastewater system.

5.0 RECOMMENDATIONS

Not all materials used to construct Basin 41 were evaluated in this report due to WAC 
regulations.  Evaluation of radiation shows that bounding total doses are a factor of 50 to ~105

less than the dose at which respective materials experience initial degradation.  However, a 
general recommendation for all non-metallic materials exposed to even low doses of radiation is 
to drain and flush (if possible) to reduce unnecessary exposure.

6.0 SUMMARY AND CONCLUSIONS

An assessment of the materials intended to complete the construction of Basin 41 was required to 
demonstrate that the basin would be able to perform its function of retaining the wastewater until 
further processing can be performed. The basin will need to be compatible with all sources of 
wastewater: 242-A Evaporator condensate, dilute waste streams, groundwater, and EMF 
wastewater.  Prior to acceptance of each wastewater, the New Waste Stream Acceptance 
Checklist (HNF-3172) must be completed and approved.  Among other items, the checklist 
ensures that the constituents of the wastewater stream do not exceed the constituents listed in the
liner compatibility limits.  The limits established for the liner were applied to this evaluation to 
determine the acceptability of materials for the new basin.

Based on the evaluation performed for each material in each environment in Section 4.0,
including the assessment of historical use, all materials are fit for use for the Basin 41 
wastewater system for the estimated 30 year design life assumed in this report.  

The WAC requires that the liner not suffer damage a result of chemical incompatibility.  The 
permit that the facility currently operates under accepts the initial testing and expansion of the 
chemical compatibility information.  This assessment meets the material compatibility evaluation 
requirements established in WAC 173-303-640 and WAC 173-303-650.

Though the basin cover is not explicitly called out for a material evaluation prior to its use, the 
CSPE cover has been evaluated to support maintenance and inspection requirements listed in 
WAC 173-303-650.  CSPE is not generally recommended for use with hydrocarbons, however,
the relatively low hydrocarbon exposure and regular inspection and maintenance should ensure 
the life integrity of the material for 30 years.
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