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PIPING ANALYSIS SPECIFICATION

1.0 GjiNERAL
,

1.1 SCOPE

This specification defines the service conditions, load
combinations, applicable code allowable stresses, seismic analysis
requirements, and other information specifically related to
assuring that all piping complies with the applicable codes and
regulatory requirements.

Seismic Category I piping, as defined in CESSAR-DC, Section 3.2.1,
shall meet the analysis requirements of the ASME Boiler and
Pressure Vessel (B&PV) Code, Section III, Subarticles NB-3650, NC-
3650, and ND-3650.

Seismic Category II piping, as defined in CESSAR-DC, Section 3. 2.1,
should be analyzed to the same requirements as' Category I piping.

i.
Category II requirements are conservatively satisfied by analyzing
the piping to tne same criteria as Category I.

i

Non-Category I and II piping shall be designed to meet the'

requirements of ASME B31.1, Power Piping.

The analysis requirements described in Section 1.1 apply only to
Seismic Category I and II piping. Note that in some cases, other
analysis methods may be utilized, such as new analysis techniques
and computer codes, where justified.

Buried and embedded piping is excluded from the scope of this
specification.

1.2 DEFINITIONS AND SYMBOLS

Seismic Category I - All structures, systems, and . components
,

required to withstand the effects of an SSE and remain functional.
These structures, systems, and components provide reasonable
assurance that the facility can be operated without undue risk to
the health and safety of the public, and are those necessary to

| assure:

(a) the integrity of the reactor coolant pressure houndary, and
.

(b) the capability to shut down the reactor and maintain it in a
safe shutdown condition, or

(c) the capability to prevent of mitigate the consequences of
accidents which could result in potential offsite exposures..

Seismic Category II - Structures, systems, or components whose
continued function during or after a seismic event is not required,
but whose f ailure or interaction could reduce the functioning of a
Nuclear Safety System to an unacceptable safety level, or could

SPECIFICATION DRAFT
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i result in an incapacitating injury to occupants of the control
room.

OBE - Operational Basis Earthquake. Designated as the earthquake
during which Seismic Category I systems qualified for upset or
occasional loadings are to continue to operate with no damage.

Safe Shutdown Earthquake. Designated as the earthquakeSSE -

during which Seismic Category I systems are to remain functional so
that they are capable of shutting the plant down and maintaining a
stable rhutdown condition. Seismic Category II systems are not
required to achieve and maintain shutdown in the event of an SSE,
but should not interfere with the functioning ci requi ed systems.

Active valves - Valves that must either function properly (operator
performs its intended function without binding or other f ailure) or
maintain their position (operator or valve stem position), during

.

and af ter a seismic event in order to safely shut down the plant or

| mitigate the consequences of an accident.

1.3 GOVERNING DESIGN CRITERTA, DOCUMENTS, AND REFERENCES

1.3.1 CODES*

1. ASME Boiler and Pressure Vessel Code, Section III, 1989
Edition.

5 2. ASME B31.1-1989 Edition, Power Piping.
,

3. ACI-349, " Code Requirements for Nuclear Safety Related
Concrete Structures".

1.3.2 STANDARDS,

1. ANSI /ANS 58.2, " Design Basic for Protection of Light Water
Nuclear Power Plants Against the Effects of Postulated Pipe
Rupture".

2. ASME Eciler and Pressure Vessel Code, Code Case N-122-1,
" Procedure for Evaluation of the Design of Rectangular Cross;

Section Attachments on Class 1 Piping, Section III, Division
,

1".

3. ASME Code Case N-411-1, " Alternative Damping. Values for
Response Spectra Analysis of Class 1, 2, and 3 Piping, Section
III, Division 1".

4. ANSI /AISC N690, " Nuclear Facilities-Steel Safety-Related
Structures for' Design Fabrication and Erection".

5. MSS-SP-58, " Pipe Hangers and Supports-Materials, Design and
Manufacture".

$ SPECIFICATION DRAFT
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6. ASME Boiler and Pressure Vessel Code, Code Case N-318-4,
" Procedure for Evaluation of the Design of Rectangular Cross
Section Attachments on Class 2 or 3 Piping, Section III,
Division 1".

7. ASME Boiler and Pressure Vessel Code, Code Case N-392-1,
" Procedure for Evaluation of the Design of Hollow Circular
Cross Section Welded Attachments on Class 2 and 3 Piping,
Section III, Division 1".

1.3.3 DESIGN DOCUMENTS

1. CESSAR Design Certification, System 80+ Standard Design,
Amendment J.

1.3.4 REGULATORY DOCUMENTS

1. USNRC Standard Review Plan for the Review of Safety Analysis
Reports for Nuclear Power Plants.

2. USNRC Regulatory Guide 1.92, " Combining Modal Responses and
Spatial Components in Seismic Response Analysis", Revision 1,
February 1976.,

3. USNRC Regulatory Guide 1.76, " Design Basis Tornado for Nuclear
Power Plants", April 1974.

4. USNRC Branch Technical Position, MEB 3-1 of Standard Beview
Plan 3.6.2 in NUREG-0800.

1.3.5 REFERENCES

1. NCIG-14, " Procedure for Seismic Evaluation and Design of Small
Bore Piping", EPRI NP-6628, April 1990.

2. AISC Manual of Steel Construction.

3. Texas Utilities Letter TXX 3423, " Comanche Peak Steam Station,
Functional Capacity of- ASME Code Class 2 and 3 Stainless Steel
Elbows".

,

2.0 DESIGN CONSIDERATIONS

2.1 PRESSURE

The pipe wall thickness shall be sized to accommodate the specified
internal pressures and meet the requirements of the ASME B&PV Code,
Section III, Subarticle 3640. Stresses due to the system design
pressures and maximum peak pressures should be included in the
acceptance criteria.

|
*
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|
' :

2.2 GRAVITY !

The weight of the pipe, in-line components, contents of the pipe
and insulation shall be included. The weight of water during )
hydrostatic testing shall be considered for steam or air-filled
lines.

1

J

2.3 THERMAL

The effect of thermal expansion of the system due to the design
temperature shall be included. Possible operating modes of the

j system that will result in more severe thermal expansion stresses
than the entire system at design temperature should be considered.,

The maximum operating temperature may be used in lieu of design
temperature where available.

,

The effects of anchor movement due to thermal expansion of
equipment or other piping should be considered.

2.4 SEISMIC-

j

The effects of earthquake. loading shall be considered. The inertia
loads and movements, including earthquake anchor movements, and the
effects of fatigue shall be included in the analysis.

,

2.4.1 SEISMIC ANCHOR MOVEMENTS'

Seismic anchor motion shall be included for piping supported by
more than one structure by applying; 1) the building seismic

1 movements, and/or 2) equipment seismic movements, as support
movements on the pipe.

The support movements should be assumed in the most' conservative
combination for adjacent structures to give the maximum stress in
the pipe, unless the relative time phasing of the motions of the
supporting structures or equipment is determined by simultaneous
time history analyses. The effects c ? scismic anchor motion on the

'

piping should be included for the opu' ating basis earthquake (OBE)
only. Seismic anchor motion produces secondary stresses and should
not be evaluated with the safe shutdown earthquake (SSE) except for
supports. -

2.5 WIND / TORNADO,

Exposed piping shall be designed to withstand wind and tornado
loads. Simultaneous wind and tornado loads are.not considered.

>

I SPECIFICATION DRAFT
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a

i 2.6 FLUID TRANSIENT LOADINGS
.

I 2.6.1 RELIEF / SAFETY VALVE THRUST

Valve thrust loads should be conside.ad for both open and closed
valve discharge cases. All. thrust loac i should first be considered
for their significance. If considered a significant transient,
steady state thrust loads should be applied to the piping system.
If determined insignificant, then thrust loads need not be applied.

,

2.6.2 WATER AND STEAM HAMMER

Water and steam hammer are dynamic loadings on piping that are'

caused by a sudden change in momentum of the flew medium due to a
rapid system transient.

.

Although hammer effects can potentially occur.on any line where
valve closing time is less than 3 seconds, the effects on small
lines are generally negligible and only large lines with high
pressuroS, large flow rates, and very rapid closing valvec need to

'

be evaluated.

2.6.3 OTHER LOADINGS

Other fluid transient loadings such as pump start, check valve
,

; slam, and filling empty lines should also be considered.

2.7 PIPE BREAK LOADS

Pipe break loadings can consist of pipe whip, jet impingement,-

differential pressure, support movements, or temperature increases
,

resulting from the rupture of nearby pipes other than the line
under consideration.

2.8 THERMAL STRATIFICATION
!
| Piping subjected to stratified flow conditions should be evaluated
: for the effects of thermal stratification.

2.9 MISSILE LOADS

Piping cubjected to tr loads described in CESSAR-DC, Section 3.5.1
shall be evaluated for the effects of missiles.

.

3.0 DESIGN LOAD COMBINATIONS

Loading combinations, in accordance with CESSAR-DC, Section
3.9.3.1, applicable to ASME Class 1 piping shall be as detailed in.
Tables 3-1 and 3-2.

.

L
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|

|
,

Load combinations applicable to ASME Class 2 and 3 piping shall be i

4,

as detailed in Table 3-3. J
3

|

40 ANALYSIS'

j

Static and dynamic analyses, as defined in this section, should be
based on linear elastic analysis methods.

3

4.1 GRAVITY ANALYSIS
e

The gravity analysis shall include the weight of the pipe or piping
component, the weight of the enclosed fluid, the weight of all

.

other sustained mechanical loads, and the weight of any attached
insulation. Also, if the system contents vary dur3ng operation,
the analysis should consider all modes of operation. Weight due to
attached support / restraints should be included if determined to be

: significant.

; 4.2 THERMAL ANALYSIS

j A thermal analysis of piping systems shall take into account forces
and moments resulting from expansion and contraction. For all

: analyses, the ambient temperature should be taken to be 70 F.
Flexibility analyses should be based on the material property
values at the temperature under consideration. Therefore, the

,

analyses should be based on the value of Young's modulus at
temperature, Enot. ASME Code requires that stresses should be based
on E This may be accomplished by multiplying the analysiscota.

results by E 13/ Esot .c

. All possible operating modes should be evaluated to determine the
'

highest range of thermal expansion stress. The effects of anchor-
movement due to thermal expansion of equipment or other piping
should also be considered.,

4

4.2.1 SPECIFIC THERMAL REQUIREMENTS FOR CLASS 1 PIPING

The thermal analysis shall include a check of the stress intensity
range and shall evaluate fatigue (as expressed by cumulative usage).
for all normal and upset operating temperature distributions, the
transient events experienced in going from one operating mode to

'

another,-thermal anchor movements associated with the operating
conditions and transients, and all test conditions.

f

1-
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TABLE 3-1

Desion Conditions and Load Combinations for ASME Class 1 Pipino

i
CONDITION LOADS COMMENTS

1. Design Condition Design Pressute
Weight
Other Sustained Mechanical;

Loads"

OBE Inertia (1/2 range)
]
i 2. Normal anc Upset Range of Operating Combination used

Conditions (1) Pressurc for Eq. 10, NB-#

! (Reference Table Thermal Expansion and 3653.1
3-2, Notes 1 Transients
and 4) Anchor Movements (T AM,

OBE, SAM, DFL)
OBE Inertia
Other Mechanical Loads

i Dynamic Fluid Loads (2)

Thermal Expansion Combination used#

Thermal Anchor Movements for Eq. 12, NB-
Thermal Transients 3653.6 (if

required)
.

|.
Weight Combination used
Other Sustained Mechanical for Eq. 13, NB-
Loads 3653.6 (if
OBE Inertia (1/2 range) required)

,
Range of Operating

4 Pressures
Dynamic Fluid Loads (2)

3. Emergency Conditions Maximum Pressure
Weight

i SSE Inertia (1/2 range)
Other Sustained Mechanical
Loads
Dynamic. Fluid Loads (2)<

. 4. Faulted Conditions Maximum Pressure
{ (3) Weight

SSE Inertia (1/2 range)
Other Sustained Mc-hanical
Loads

! Pipe Rupture Loads
Dynamic Fluid Loads (2)

.

SPECIFICATION DRAFT4
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TABLE 3-1 (Cont'd)

Desion Conditions and Load Conbinations for ASME Class 1 Pipina

CONDITION LOADS COMMENTS

5. Testing Conditions Pressure, Teraperature, and
Hydrostatic Test as
defined in established
system tests

j

i

NOTES:

; 1. The method for analyzing Upset Conditions is the same as for
Normal per NB-3654.

2. Dynamic Fluid Loads (DFL) are occasional loads such as
safety / relief valve thrust, steam hammer, water hammer or other
loads associated with Plant Upset or Faulted Condition as
applicable. The worst combination of pressura, weight,
sustained, seismic, and DFL loads should be checked.'

3. Dynamic-loads are combined by the square root of the sum of the
squares (SRSS).

,

4

4

1

:

,

4
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TABLE 3-2

Code Como31ance Criteria for ASME Class 1 Pipino

CHECK FOR CODE
CONDITION STEP COMPLIANCE PER (8)

Design 1A Primary Stress Eq. 9/NB-3652'
..

Conditions Intensity Limit

2. Normal and 2A.1 Primary Plus Eq. 10/NB-3653.1
Upset Secondary Stress (1)
Conditions Intensity Range
(5) (6)'

2A.2 If Eq.10 is met, Eq. 11/NB-3653.2
; calculate Peak (2)

Stress Intensity'

Range (S ) . Ifp

not, skip to Step
2B.1

2A.3 Calculate Sut , - 1/2 S
Alternating Stress NB-3653.3 ($)
Intensity (Sut,)

,

2A 4 Evaluate Cumulative Nb ;653.4, 3653.5
Usage. If '.;a-32 22. 4 (e ) ( 5)
acceptable, proceed'

to check Faulted
Conditions

2B.1 If Eq.10 is not met, Eq. 12/
' perform Simplified NB-3653.6(a)

Elastic-Plastic
I Discontinuity

Analysis (4)
.

2B.2 Check Primary Plus Eq. 13/
Secondary Stress NB-3653.6(b)
Intensity Range

2B.3 Calculate Sus, Eq. 14/
NB-3653.6(c) (3)

28.4 Evaluate Cumelative NB-3653.4, 3653.5
Usage. If NB-3222.4 (e) (5)

; acceptable, proceed
to check Faulted
Conditions

SPECIFICATION DRAFT
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TABLE 3-2 (Cont'd)

Code Como11ance Criteria for ASME Class 1 Pipino

CHECK FOR CODE
CONDITION STEP COMPLIANCE PER (8)

3. Emergency>

Conditions LATER

4. Faulted 4A Determine maximum -App. F (8)
Conditions faulted pressure

,

4B Check Primary App. F (8)
Intensity Limit

,

5. Testing SA Check General NB-3226 (a)
| Conditions (7) Primary Membrane

Stress Intensity;

5B Check Primary NB-3226 (b)
Membrane Plas<

Bending Stress
Intensity

SC Check Extorna NB-3226 (c)
Pressura

SD Incorporate Test NB-3226 (d).

Condition into NB-3226 (e)
Fatigue Evaluation

,

4

NOTES:

1. If Eq. 10 is not met, the component may-still be satisfactory
'

provided Eq. 12/ NB-3653.6 is met or the 7quirements of NB-3200
are satisfied.

I 2. The purpose of this equation is to calculate the value of S, ;
using the same load sets used to evaluate Eq. 10.

3. Sm, is used in conjunction with the Design Fatigue Curves to
determine the allowable number of-cycles per NB-3653.4.

4. Qualifying Normal / Upset Conditions using-the simplified Elastic-
Plastic Discontinuity Analysis-per Eq. 12 is necessary only for,

I points that do not satisfy Eq.-10.

1 SPECIFICATION DRAFT
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TABLE 3 2 (Cont'd)

Code Como11ance Criteria for ASME Class 1 Piping
..

1

S. The method for analyzing Upset conditions is the sane as for
Normal per NB-3654.

6. These limits must be satisfied for all possible rangea.

7 Alternatively, Test Conditions may be included as part of Normal
and Upset Conditions to be checked.

8. Articles referenced are taken from the ASRE Boiler and Pressure
Vecsel Code, Section III.

,

,

,
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i

TABLE 3-3

Desion Conditions, Load Combinations, and Code Compliance*

Criteria for ASME Class 2 and 3 Pipino
'

1

CHECK FOR CODS
CONDITION LOADS, COMPLIANCE PER (5)

1. . Normal-

a. Sustained Pressure Eq. 8, NC/ND-3652
Loads (4) Weight' (6)

b. Thermal Therreal Expansion Eq. 10, NC/ND-365342
i Expansion Thermal Anchor (3)

Movements

c. Sustained- Pressure Eq. 11, NC/ND-3653.2
Loads + height (6) (3)
Thermal Thermal Expansion
E xpa ns io.- Thermal Anchor

Movements

2. Upset Pressure ~ Eq. 9, NC/ND-3653.1
Weight (6)

;
DCL (2)
OBE (Inertia)
OBE (Anchor
Movements) (1)'

or Wind (8) .,

3. Emergency Pressure Eq. 9, NC/ND-3653.1-
Weight (6)

3

DFL (2)
SSE (Inertia)2

5 or Tornado (8)
4

4. Faulted Pressure Eq. 9, NC/ND-3G53.1
Weight (6)
Pipe Rupture'

SSE (Inartia)
DFL (2)

5. Functional Pressure See Note 7,

Capabillty Weight-(6)
SSE.(Inertia)'

DFL (2)
Pipe Rupture

;

;
;

i
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TABLE 3-3 (Cont'd)

Degi n,,Conditiono, Load Combinations, and Code _ Compliance2 4

Critp,I a for ASME Class 2 and 3 Piping |i

nores;
:
i 1. Stressen d'to to seismic displacements such as anchor movements

may alternatively be considered as secondary stresses and
j combined with thermal expansion in Eq. 10 or 11 and omitted from
; Eq. 9.

2. Dynamic Fluid Loads (DFL) are occasional loads such as
safety / relief valve thrust, steam hammer, water hammer or loads
associated with Plant Upset or Faulted Condition as applicable.

: 3. Stresses muot meet the requirements of either Eq. 10 or Eq. 11
(i.e., both conditions need not be satisfied).

!
: 4. If, during operation, the system normally carries a medium other

,

than water (air, gas, steam), sustained loads should be checked J
f for weight loads during hydrostatic testing as well as normal
; operation weight loads.

5. Articles referenced from the ASME Boiler-and Pressure Vessel ,

Code, Section III.

6. Weight loads include all sustained Mechanical Loads.,

7. Functional capability is not a standard loading condition as
defined by the ASME Code. However, functional capability must be

,

! maintained for ASME Class 2 and 3 stainless steel elbows. See
'

Appendix B for the acceptance' criteria.

8. Wind and tornado loads are not combined with earthquake loading, j
4

9. Dynamic loads are combined by the square root of the sum of the,

| squares (SR5S).
t -

a

;

!

1
'|
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SYSTEM 80+" DESIGN CERTIFICATION.

PIPING ANALYSIS SPECIFICATION

4-.2.2 THERMAL STRATIFICATION

Piping systems with low flow rates and potentially sub]ected to
stratified flow may require evaluation for additional thermal
stresses due to thermal stratification. Stratified flow exists
when a hotter fluid flows over a colder region of fluid. This
condition induces a vertical thermal gradient resulting in
increased overall bending stresses and localized thermal gradient
stresses.

A linear thermal gradient will et :se a convex upward curvature, K,
in an unconstrained pipe equal to:

K= (Eqn. 4-1)
D

' Where: AT = T - Tutt. (with T > Tutt.)3p 3,
Pipe outside diameterD =

The mal expansion coefficientn =

The resulting bending stresses should be calculated by allowing the
pipe to theraally expand unconstrained and then applying a set of
equal and opposite displacements at the rigid support points.

If the temperature distribution in the pipe is nonlinear, the above
curvature formula is only approximate and the nonlinear

,

distribution should be considered in terms of its effect on
curvature and local thermal stresses. This may be done by means of
a finite element analysis comprised of a heat transfer analysis to
determine the pipe wall temperature variation based on fluid
temperature, followed by a thermal stress analysis to determine the
initial pipe curvature and maximum stress intensity. This stress
intensity should then be used in Equation 11 of the ASME Boiler and
Pressure Vessel Code, Section III, Subsection NB-3650 as the
nonlinear through-wall temperature gradient stress. These analyses
consider both steady state and transient-conditions.

4.3 SEISMIC ANALYSIS

Seismic analysis of a piping system generally involves both dynamic
and static evaluations. A dynamic analysis is performed to
evaluate the inertia. loads developed as the mass of the piping is
accelerated due to seismic motion. The static analysis is
performed to determine loading resulting from differential seismic
movements of structures or large lines to which piping is attached.

4.3.1 STATIC ANALYSIS

Standard seismic-analysis is a dynamic analysis using the modal
superposition and response spectrum method. The design response
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PIPING ANALYSIS SPECIFICATION

spectra for earthquake ground motion indicate that at a frequency
higher than the frequency corresponding to the zero period
acceleration (ZPA), all modes respond like a rigio body without
amplification. This cut-off frequency defines the rigid range. If
a piping system is so rigidly supported that its lowest natural
frequet.cy is higher than the frequency corresponding to the ZPA,
then the system will respond like a rigid body. The mhximum effect
is due to an inertia force equal to the maximum floor acceleration,
and therefore, a static analysis is sufficient for predicting the
maximum effect due to an earthquake.

The analysis is similar to a gravity analysis. Attention should be
;

paid to the following points in performing the analysis:

A. Inertia loads should be applied separately in the x, y,'

; and z directions, and th" results of the three separate
analyses combined by SRSS. The accelerations are obtained

j from the respective floor response spectra with values
j corresponding to the zero period.

B. The active supports are seismic supports, rather than
gravity supports (i.e., snubbers will be active and low

,

stiffness spring hangers inactive).j

4.3.2 DYNAMIC ANALYSIS
,i

4.3.2,1 Besponse Spectrum Analysiq

4.3.2.1.1 General
4

The response of a flexible system to seismic forces depends upon
its natural frequencies and the frequencies of excitation. For

'

these systems, it is necessary to know the natural frequencies, and
the seismic excitation which is usually defined as acceleration

[ response spectrum. |

! To deterrrLne the system natural frequencies, each pipe should be
; idealizet as a tathematical model consisting of lumped masses

connected by elastic members. Lumped masses should be located at
carefully selected points in order to adequately represent the-
dynamic and elastic characteristics of the pipe sysMm. Using the

| lastic properties of the pipe, the flexibility for ;he pipe should
oe determined. The flexibility calculations should include the

| ef fect s of torsional, bending, shear, and axial deformations -(i .e.,
the degrees of freedom). Node point spacing should be selected to
obtain accurate dynamic results. As a minimum, the number of

,
'

degrees of freedte should be taken as equal to twice the number of
'

! modes with frequencies less than the frequency corresponding to the
ZPA.

l Once the flexibility and mass of the mathematical n.odel are
calculated, the freque les and mode shapos for all significant
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modec of vibration should be determined. Piping stresses and
displacements should then be determined utilizing standard modal
response spectra analysis techniques.

4.3.2.1.2 Response Spectrum

A response spectrum is a curve which represents the peak
acceleration response verses frequency of a single degree of
freedom spring mass system which is excited by an earthquake motion
time history. It is a measure of how a structural system with
certain nat_ral frequencies will respond to an earthquake applied
at its supports.

The response spectra curves for System 80+ have been developed
using several ground motion time history analyser. These analyses
were used to cover a range of possible soil conditions. The
resulting floor response spectra may be enveloped or considered in1

subgroups up to individually in the seismic analysis to account for'

I all of the various soil cases.
;

Most analyses will consist of multiple supports with different
'

characteristic response spectrum. To account for this, the
applicable response spectra for all structures and elevations

,

! supporting the pipe in the dynamic model may be enveloped to
determine the response spectra for that piping.

,

1

; If this method is determined to be overly conservative, a multiple-
j support spectra method may be used. The response spectrum of the
| individual support locations may be input separately with the

response due to each support combined in a conservative manner.i

. This method should not be used in combination with variable
j damping.

4.3.2.1.3 Spectrum Peak Broaaening
!

! To account for possible uncertainties, the initially computed floor
4 response spectra are usually smoothed, and peaks associated with

the structural frequencies are widened. The method used to-,

| deterniini the amount of peak widening, associated with the
; structural frequency, should be as detailed in ASME Code, Section

III, Division 1, Appendix N, Section N-1226.3.
i
;

4.3.2.1.4 Damping

Damping values are provided in CESSAR-DC, Section.3.7.1.3 and are
summarized below;

OBE SSE

Piping diameter 5 12" 1% 2%

Piping diameter > 12" 2% 3%

'.
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Alternately, when using response spectra analyses, variable damping
values in accordanee with the requirements and limitations of the
ASME Code Case N-411-1 " Alternative Damping Va]ues fcr Response
Spectra Analysis of Class 1, 2, ana 3 Piping, Section III, Division
1" is acceptable. However, no combination of tr.a two damping
criteria shall b-a used. The variable damping curve is provided in
CESSAR-DC, Table 3.7-41.

4.3.2.1.5 Modal Cutoff and Rigid Range Acceleration Effects

The number of modes included in the analysis should be chosen to
correspond with the range of seismic excitation frequencies up to
the f requency correspondir.g to the ZPA. There is no limit on the
number of modes. The nut:.ber of modes inicluded in the analysis
should be selected so that the response from the remaining higher
modes does not result in more than a 10% increase in total system
response.

At modal frequencies above the frequency corresponding to the ZPA,
pipe members are considered rigid. The acceleration asse' ad
with these rigid modes is usually small. However, in cu in
cituations the response to high frequency modes can signifitm. cly
affect suppor* loads, particularly axial restraints on long var.s.
The effects of rigid range accelerations may be evaluated by
approximating the higher mode response using the spectral
acceleration at the frequency corresponding to the ZPA and
combining this response with the dynamic analysis results in an
additional mode (using the square root of the sum of the squares,
SRSS).

4.3.2.1.6 Modal and Direction Result Combination

As stated in CESSAR-DC, Section 3.7.3.7, the seismic response of
each mode shall be calculated and combined with the other modal
responses using the methods described in Regulatory Guide 1.92,
" Combining Modal Responses and Spatial Components in Seismic
Response Analysis".

If the modes are not closely spaced (two consecutive modes are
defined as closely spaced if their frequencies differ from each
other by 10 percent or less of the lower frequency), the results
may be combined by the square root of the sum of the squares
(SRSS). Closely spaced modes should be combined by one of the
following methods: (1) Grouping Method, (2) Ten Percent Method,
or. (3) Double Sum Method.

Thi responses due to each of the three separate directions of
selsmic excitation should be combined by SRSS.
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4.3.2.1.7 Seismic Anchor Movements

The effects of seismic anchor motion shall be considered in the
seismic analysis. For models with piping in more than one
building, it should be assumed that the buildings move 180* out of
phase. Movements within all buildings except the Reactor Building
should be assumed to be in phase. Within the Reactor Building
there can be differential movements between the Reactor Building,
the Containment Vessel, Reactor bterior Structures, and the NSSS.
These movements, when applicabic, should be assumed to act 180' out
of phase. The resulting relative movement should be applied as
static support displacements with all dynamic supports active.

Support loads shall be obtained and defined for both OBE and SSE
motions.

4.3.2.1.8 Fatigue

The cyclic load basic for fatigue analysis of the OBE earthquake
shall be a minimum of 75 full load cycles for Class 1 piping
systems.

4.3.2.2 Time History Analysis

4.3.2.2.1 General

Time history analysis may be used as an alternative method to
response spectrum analysis for any piping system.

For those piping systems analyzed by time history methods,
development of mathematical models, which define flexibility and
mass, and calculation of natural frequencies and mode shapes, as
described in Section 4.3.2.1.1, should first-be performed.

4.3.2.2.2 Piping Dynamically Decoupled from the NSSS

Most piping systems can be dynamically decoupled from the nuclear
steam supply system (NSSS), following the guidelines of Section
5.2.2. The surge line, which is functionally part of the NSSS, is
included in t.'ose piping systems which can be shown to treet the
decoupling criteria, and should therefore'be analyzed separately
from the rest of the NSSS.

The solution of the differential equations of motion, which
describe the dynamic response of a system to a seismic excitation,
can be obtained- by the mothed of modal superposition or by the-
method of direct integrations, using time history analysis. These
methods are described in CESSAR-DC, Section 3.7.2.3 1.2.

The mathematical model should be subjected to seismic excitations
at the anchor points (terminal ends) and at building supports. For -

statistically independent earthquake motions, input excitations in
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all three translation directions and, as applicable, in all three
rotational directions should be applied simultaneously to the
anchor points and building supports.

Input of multiple time history excitations, which allow calculation
of the effects of both differential motion and inertia, should
normally be used in a multiply supported system such as a piping
system. An acceptcble alternate time history method, as described
in ASME Code, Section III, Division 1, Appendix N, Section N-
1228.4, is to input an " envelope" time history excitation to |
calculate the inertia response, and separately to determine the ,

effects of differential support motion using a static analysis, !
The ASME B&PV Code defines the envelope excitation as a time |
history whose response spect. rum envelopes the response spectra tor i

'

the individual support motions.i

4.3.2.2.3 Piping Dynamically Coupled to the NSSS i

; The only piping system that is dynamically coupled to the NSSS for
the purpose of structural analysis is the main coolant loop piping. -i

'

; The main coolant loop piping should be seismically analyzed as an
; integral part of the reactor coolant system structure, using

methods described in CESSAR-DC, Sections 3.7.2.1.2 and 3.7.2.6.2.

4.4 EOUIPMENT NOZZLES

.

The following effects of equipment nozzles should be considered in
; the analyses and included where appropriate:

Equrpnent response spectra*

Equipment nozzle displacements and rotations*

| Equipment nozzle flexibility=

f 4.5 WIND / TORNADO ANALYSTS

$ Exposed piping shall be designed to withstand forces generated by
wind and tornados. Maximum wind speeds provided in CESSAR-DC,

|
Section 3.3 are listed below;

A. Wind loading: 130 mph maximum wind speed
a

B. Tornado loading:

1. 330 mph maximum wind speed
2. 260 mph rotational wind velocity
3. 70 mph translational wind velocity

Tornado loads are based upon the NRC Staff interim position based*

on NRC Regulatory Guide 1.76, Design Basis Tornado for Nuclear"
.

Power Plants",

i
.
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I

4.6 FLUID TRANSIENT ANALYSIS |

Transient fluid dynamic loadings on piping should be evaluated and
the resulting loads included in the piping analysis. The loads
considered should be those significant loads due to fast valve
closure, steam hammer, water hammer, relief valve discharge, and
multiple relief valve discharge. Potential loadings should be
evaluated and defined for each problem on a case-by-case basis.
Multiple safety valve discharges should be analyzed so as to
maximize piping stresses and support / restraint design loads unless
another discharge sequence can be justified. Discharge sequences
considered should include the possibility of the instantaneous and
simultaneous discharge of all valves in the same vicinity. The
following represents acceptable analysis methods. Other methods
such as characteristics computer programs may be used where
justified.

4.6.1 SAFETY / RELIEF VALVE THRUST

Safety / relief valves produce transient and steady-state loads on
the valve inlet piping and discharge piping (if used) . The thrust
load, F, is a function of fluid type (water or steam), design
pressu e, and valve throat area. An acceptable method of
calculating the valve thrust loads is as follows:

A. Water Discharge:

P unc=0.0022 (Eqn. 4-2)s

E

Where: GPM = rated valve discharge in gallons per minute
ID = inside diameter of the-discharge pipe in

inches

A dynamic load factor of two should be included for the
dynamic loading unless a lower value is justified.

,

| B. Steam Discharge:

; 'ihe procedure of ASME B&PV Code, Section III, Appendix 0,
should be used, with the caution that negative (below
atmospheric) discharge pressures are meaningless and the
equation does not apply for those cases.

Relief valves cause both dynamic and static loading conditions. To
simplify analysis, however,-essentially all relief valve thrust
loads are evaluated statical-ly. Closed discharge and piped relief

: valves have an additional complicating factor since transient
forces develop at each intermediate urn in the piping during the
initial phase when the flow along the pipe is being established.

.
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These transient loads should be treated as water / steam hammer. As
the transient phase ends, all of the intermediate forces cancel
each other out, 1 caving only the steady state thrust force at the
exit point of the fluid from the discharge system. For closed
discharge systems, the steady state thrust force is zero at the
valve outlet.

Dynamic relief valve thrust loads should be applied to the piping
model as static loads with snubbers active and a dynamic load
factor applied to the loads.

4.6.2 WATER AND STEAM HAMMER ANALYSIS

Water and steam hammer are both dynamic loading conditions on the
piping. Forcing functions, using actual time history analyses, may
be used in the dynamic analysis. H. wever, the following simplified
conservative approximations of tha forces may be uaed in a static
evaluation.

The simplified method described below determines the worst net
force developed in a segment of piping and applies it assuming it
can occur in either direction along the local 'x' axis of the pipe.
This net force that develops depends on flow rates, fluid
velocities, valve closing time, the length of straight runs of
pipe, and the fluid involved.

4.6.2.1 Kater Hammer Forces

Two equations exist for determining the resultant force, F , on any
straight segment of piping due to water hammer. The proper one to
use depends on the ratio of L/Ls for the pipe segment in question,
where L (ft) is the length of straight pipe of the segment and Ls
(ft) is the distance travelled by the shock wave during the valve
closure. L is available from the piping drawings and is shown as
an example for piping run 2 on Figure 4-1. The distance travelled
by the shock wave (1) may be calculated:

L,= cx t (Eqn. 4-3)

Where: c = sonic velocity in water (4,700 ft/sec)
t = valve closure time (sec)

,
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A. For (L/Ls) < l.0

F;= $E (Eqn. 4-4)
9

Where: b mass flow rate of water (Ibm /sec)=

4,700 (ft/sec)c =

32.174 lbm-ft/lbf-sec8g =

resultant net force (lbs) along pipe runF =
n

B. For (L / L,) > 1.0

f;=IS (Egn. 4-5)
gtv

Where the above defined terms apply and:

length of straight pipe run (ft)L =

valve closure time (sec)t =

One of the above equations should be used to calculate the net
force to be applied for each straight segment of piping until a
point is reached where the pressure waves are damped out at a tank,
closed valve, equipment connection, or connection to a large
header.

4.6.2.2 Steam Hammer Forces

Since steam is a compressible fluid, the calculation of resultant
forces along each straight.run can be performed by the following
six steps and terms:

A. Terms

b steam mass flow rate (1bm/sec)=

P = design pressore (psig)
T steam temperature (saturated ) at P (*F)=

y = specific volume of steam at T and P (ft /lbm)3

Vm = specific volume at'P and 1000 F (ft /lbm)3

L. = distance travelled by shock wave (ft)
c = sonic velocity at P and T (ft/sec)
Fn = net force exerted on pipe segment (ibs)
t = valve closure time (sec)
TF = temperature factor
V = steam velocity (ft/sec)
A = flow area of pipe (in')
L = pipe length between turns (ft)
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B. Net Force Calculation

1. Compute temperature factor (TF)

V 2eco (Eqn. 4-6)
77,h v

2. Calculate length (L ) over which the pressure wave3

propagates during the valve closure time (t)

Ls=cxt
r

!

3. Calculate initial steam velocity (V)

V=l$ (Eqn. 4-7)
A

4. Using Figure 4-2, pick the curve (or interpolate a
curve) shat represents the steam velocity (V) above.
From this curve determine the slope at the steepest
section of the plot. At this steepest point, the
abscissa difference is the ratio L/L,. Multiplying
this abscissa difference by the slope provides the
pressure rise ratio AP/P:

(Abscissa Difference) x (Slope) = AP/P

5. The force exerted along any segment is then:

AF= Px 7%, (Eqn . 4-8)p

|
| 6. As with water hammer, this force should be determined

for each straight segment of pipe until a point is
reached (equipment, tank, closed valve, etc.) where
the pressure wave would be damped.

I
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4 . *? PIPE BRFAK ANALYSIS

Pipe break loads are any Joads that are applied to unbroken pipe
resulting from ruptures of nearby piping. Pipe break loadings
include, but are not limited to, the effects of the following:

Pipe whip*

Jet impingement* .

Differential pressure*

Temperature increase (localized or overall)*

Support / anchor movement (including reactor coolant loop*

and containment vessel)

Effects of a ruptured pipe on other portions of itself need not be
considered, except to demonstrate that a whipping pipe is
restrained.

In general, pipe break loads are defined for each piping problem on
a case-by-case basis. These loads snould be applied by the piping
analyst as applicable to the appropriate piping problem.- See
Section 8.0 for further details of postulated pipe brecks. Pipe
break loadings due to two or more assumed pipe breaks shall be
considered tc act individually as separate events.

4.8 HIGH ENERGY AND 140DERATE ENERGY REOUIREMENTS

High and moderate energy piping systems shall be evaluated for
postulated pipe breaks. Intermediate break locations are based on
potential high stresses and f atigue limits determined by the piping ,

stress analysis results. For the postulated pipe break evaluation j'
requirements see Section-8.0.

4.9 UON-RIGTD VALVES

Normally, valves are specified to be rigid. Non-rigid valves
(indicating that the valve has modes of vibration < ZPA) are
identified by the applicable valve seismic report. The effects of
the non-rigid valve should be considered in the piping analysis.

4.10 EXPANSION JOINTS

Expansion joints allow limited relative lateral and axial
displacements and bending rotations between the ends of the joint,
depending on the type of joint in use. Expanaion joints should be
considered in the analysis.
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5.0 ANALYSIS TECHNIOUES

5.1 MODEL BOUNDARIES

Piping models ideally run from anchor to anchor (equipment nozzle,
or penatration) . Where this is not feasible, the piping may be '

separated by decoupling, overlapping, isolation, or in-line anchors
as described in the following subsections to form more manageable
models for analysis. These subsections present minimum
requirements. If the piping cannot be separated to form smaller
analysis models by there methods, the analyst may consider the use
of an intermediate anchor to separate models subject to the
considerations of Section 5.5.

5.2 DECOUPLING

5.2.1 GENERAL

Small branch lines may be decoupled from larger rr.n piping
regardless of seismic classification. Decoupling may also be
applied for in-line pipe size changes (such as at a reducer or
reducing insert). For consistency with the following text, the

j smaller line should be considered the " branch" and the larger line
! should be considered the "run". To be decoupled, piping should
! meet the size, section modulus, or moment of inertia ratios as
; detailed in the following paragraphs.

'

:

) 5.2.2 DECCUPLING CRITERIA

Branch lines meeting the following criteria may be decoupled from
the main run:-

,

A. D /D, s 0.25, or3

| B. Ze/ Z, s 0.10, or

{ C. Ie/I, s 0.04
i

branch nominal pipe sizeWheret Dn =
,

run nominal pipe sizeD, =

branch section modulusZ, =
,

run section modulus-Z, =,

branch moment of inertia1 =
3

run moment of inertiaI, =

!

An appropriate stress intensity factor (SIF) should be included on.

the branch and main rur, lines at the point where the piping is
j decoupled. Mass effects of the branch line should be considered in

the analysis of the run line and included, if significant. The
branch point should be considered as an anchor in the analysis of

,

the branch pipe. Thermal and seismic anchor movement analyses of,

the decoupled branch lines should be performed with the thermal,;

; seismic inertial, seismic anchor movement (SAM), or pipe break-
.
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movements of the larger pipe header applied as anchor displacements
and/or rotations to the smaller branch line if these movements are
significant,

Piping may also be decoupled at flexible hose provided each
interfacing analysis considers the flexible hose weight and
significant stiffness, and the flexible hose qualifies for the net
end displacements of the interfacing analysis problems. Analysis
results of the interfacing problems do not have to be combined.
The flexible hose should not be allowed to experience large tensile
loads.

5.3 OVERLAPPING

5.3.1 GENERAL

Overlapping is used to separate seismically analyzed piping
prob 1 cms. Isolation of non-reismic piping from seismic piping is
addressed in Section 5.4.

Seismic piping that cannot be separated by decoupling as described
in Section 5.2 may be separated using an overlap region. The
overlap region should have enough rigid restrainto and include
enough bends in three directions to prevent the transmission of
motion due to seismic excitation from one end to the other. The
following criteria present minimum rec,uirements which should be
upgraded if required to satisfy this condition.

5.3.2 OVERLAP CRITERIA

A section of piping to be considered an overlap region should meet
the following criteria:

A. The section contains a minimum of four (4) restraints in
each of three perpendicular directions. If a branch is,

encountered, the balance of restraints needed beyond that
point should be included on all lines joining at the
branch.

B. The restraints in the section are so spaced that the pipe
span between any two restraints, taken as simply supported
beams, have a fundamental natural frequency (bending and
torsion) not less than the frequency corresponding to the
ZPA.

C. In lieu of criterion B, a dynamic analysis of the overlap
region should be made with pinned boundaries extended
beyond the overlap region either to the next actual
support or to a span length equal to the largest span
length within the region. The fundamental ' frequency
determined from t..is- Talysis should be greater than the
frequency corresponding to the ZPA.
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i The overlap region should contain at least one change in direction
to filter torsional effects. The overlap piping should be included
in all modele adjacent to the overlap region. An axial restraint

,
on a run may be counted effective at each point of lateral

: restraint on that same run. Hanger design loads and movements in
the overlap region should be obtained by enysloping the results of!

all models adjacent on the overlap region. Pipe stresses and valve
,

accelerations should be checked in each separate analysis.
:

5.3.2.1 Rest rained Elbow (or Teet,
,

i Adequately restrained elbows or restrained tees may be used to
terminate or separate analysis models. Restrained elbows and

,

restrained tees should meet the criteria of Figures 5-1 and 5-2,i

|
respectively. Results of all analyses should be combined to obtain
pipe stresses and hanger loads for the restrained elbow and'

restrained tee configurations.

5.4 IN-LINE ANCHORS.

An in-line anchor is a device restricting all six degrees of
freedom, thereby isolating each run. In-line anchors should only
be used to separate piping models, if practical, based on the
following considerations:

A. Anchors could be impractical, especially on lar ' meter
piping ( >4" nominal pipe size, NPS) or on lines .high
thermal and/or seismic movements,

i

l B. The addition of anchors can add. terminal end break
'

locations to high and moderate energy piping.

C. The use of anchors can be limited by high piping thermal
expansion loads or the practicality of the anchor design
and installation.

| D. Anchor load results from the piping on both sides of an
anchor should be combined to obtain the design loads for
the anchor. If the piping on one side of the anchor is
unanalyzed, appropriate loads should be developed to
represent the unanalyzed pipe. As an example, plastic
collapse moments for the unanalyzed side may be used.
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*

5.5 SUPPORT CONSIDERATIONS

The proper participation and orientation of each support / restraint
.

shou 2 d be included in the piping analysis. Participation should be
consistent with how the support type performs during the loadings 1

i under consideration. Some loading conditions create pipe movements ,

j that could affect the analyzed support orientation, such as |
~ vertical supports with large lateral thermal movements. The

effects of such p.ipe movement.s en the analyzed support orientation
,

; should be evaluated.

i
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1

FIGURE 5-1.
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Limensions # and f, are defined as follows:1

,

f

NOMINAI. MINIMUM MAXIMUM

f e" Weld Clearance 6"2,

f L/4 L/8 L/42

i Where: L = ASME B31.1 Recommended Support Span per Table
121.5.
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FIGURE 5-2

Restrained Tee
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Dimensions l i and # are defined as follows:2

NOMINAL MINIMUM MAXIMtJ!i

i 6" Weld Clearance 6"1

f L/4 L/8 L/42

Where: L = ASME B31.1 Recommended Support Span per Table
121.5.

SPECIFICATION DRAFT
XXX-XXX.XX-XXXX 32 of 50 August 25, 1992 4

i

_ _ _ _ - _ _ _ . _ _ -



. . __ _ . . ._ ._. . - . . . . .-. . .- ._ .

SYSTEM C0+" DESIGN CERTIFICATION
PIPING ANALYSIS SPECIFICATION'

i

I FIGURE 4-1i

Water / Steam Hammer Forces
,
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FIGURE 4-2

Percent Pressure Rise v_g.s Valve Closino Time
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6.0 ACCEPTANCE CRITE?IA
:

6.1 ASME CLASS 1 PIPING

The allowable stress limits for the specified loading combinations
^

for ASME Class 1 piping are shown in Table 3-2.

6.2 ASME CLASS 2 AND 3 PIPING

the allowable stress limits for the specified loading combinations

|
for ASME Class 2 and 3 piping are shown in Table 3-3,

6.3 ALLOWABLE NOZZLE LOADS,,

Loads applied to equipment nozzles shall not exceed allowable
values provided by the equipment vendor. In lieu of specific
values, generic allowable equipment nozzle loads may be used
provided the equipment is specified to these de:ign nozzle loada

i values.
.

J6.4 ALLOWABLE PENETRATION LOACH,

Loads and displacements on containment penetration assemblies, as
,

shown in CESSAP.-DC, Figure 3.8-2, shall meet manu f acturer's#

allowables.,

I 6.5 WELDED TTTACHMENTS

Per ASME Section III, Subarticle NC/ND 3645, external and internal
attachments to piping shall be designed so as not to cause'

flattening of the pipe, excessive localized bending stresses, or
harmful thermal gradients in the pipe wall. It is important that
such attachments be so designed to minimize stress concentrations
in applications where tne number of stress cycles, due either to

,

pressure or thermal effect, is relatively large for the expected
life of the equipment.

,

Local stresses due to all support loads acting on a welded
attachment should be evaluated and added directly to the nominal
pipe stresses at the point of the attachment. The sum of the.

stresses shall be compared against the allowable stresses given in
Tables 3-2 ano 3-3. Methods for ear uating local stresses due to'

welded attachments are provided in ASME Code Cases N-122, N-318 and
N-392.

,

6.6 FUNCTIONAL CAPABILITY REOUIREMENTS'

{ CESSAR-DC, Section 3.9.3.1.4.2 requires that ASME Class 2 and 3
piping be evaluated for functional capability. Appendix B provides
the functional capability requirements for ASME Class 2 and 3
stainlers steel elbows as stated in Te;:as Utilities' letter TXX
3423.
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6.7 VAINE REOUIREMENTS

Valve accelerations should meet the allowable manu f acturer's
requirements for seismic acceleration. The loads on supports
attached to valve operators should also be evaluated.

6.8 EXPANSION JO!NT REOUIREMENTS

Expansion joints should be evaluated to ensure compliance with
vendor allowables.

7.0 PIPE SUPPORT DESIGN REQUIREMENTS

7.1 GENEPAL

The design of pipe supports should meet the intended functional
requirements of the stress analysis as well as meeting the
specified stress limits for the suppoit. components. Support
components may include typical structural steel members as well as
manufactured catalog items for typical support components.

Supports are idealized in the piping analysis as providing
restraint in the analyzed direction while providing unrestricted
movement in the unrestrained direction. Since the design of
supports cannot completely duplicate the idealized condition,
supports shoula be designed to minimize their effectJ on the piping
analysis. Additionally, the support design should not invalidate
any assumptions used in the analysis of the piping system.

In addition to loads defined by the stress analysis, any additional
forces the support are subjected to should be considered in the
support qualification.

7.2 DESIGN CONb1DERATIONS

7.2.1 DEADWEIGHT LOADS

Gravity loads of the pipe are typically restrained by two types of
supports. The piping analysis will define whether the support
should be designed as a rigid or flexible support. Flexible
_ supports are usually.specified when the pips must be restrained for

'

,

its gravity weight, however must remain free to move during thermali

expansion. Vendor supplied spring components with specified spring-
constants are typAcally provided in this application.

'
In addition to gravity loads from the piping analysis, the
deadweight of the support itself should be considered in the
support qualification.

SPECIFICATION DRAFT
XXX-XXX.XX-XXXX 34 of 50 August 25, 1992



-

SYSTEM 80+" DESIGN CZRTIFIC'ATION
PIPING ANALYSIS SPECIFICATION

7.2.2 THERMAL LOADS

Temperature changes within the piping system, including thermal
stratification, will cause the pipe to thermally expand. Thermal
loads are induced into supports which restrain the piping system
from being able to freely expand. Additional ther.aal loads could
be a result of " anchor" displacemerts. Movements at the terminal
end points of the piping system, such as branch lines and vessels,
will induce loads into supports which resist. these movements.
These forces are usually referred to as thermal anchor movements
(TAM). All possible thermal conditions, including ambient
thermal, should be evaluated when combining thermal loads with
other load cases to obtain the worst loading rm the supports. The
pipe will also experience radial expansion due to temperature
increases. To minimize local stresses within the pipe, srpports
should be designed to allow for this expansion. See Section 7.2.=10
concerning cupport gaps.

Pipe supports should also be evaluated for environmental thermal
conditions. Temperature increases in the area around the support
will cause the support itself to tend to thermally expand. Ia
addition, local high temperatures can exist close to the pipe wall.
Support elements which are subjected to these elevated temperatures
should be evaluated for thermal effects. Material property values
consistent with the associated temperature should be used.

Thermal expansion of the pipe support and/or the building struct.ure
from which the support is attached should be evhluated for its
effects on the piping analysis.

7.2.3 SEISMIC LOADS

The building response to earthquake motion - will cause seismic
acceleration of the piping system. Earthquake inertia forces are
applied to supports that restrain - the seismic movement of the
piping system. Additional seismic movements could be caused by
seismic acceleration of terminal end points of the piping system
such as branch lines and vessels. These forces are usually
referred to as seismic anchor movements (SAM).
The response of the support itself due to seismic acceleration
should also be evaluated. Typically, the inertia response of the
support mass would be evaluated using a response spectrum analysis
similar to the piping- analysis as described in Section 4.3.2.1.
Damping values for welded and bolted structures are provided in
CESSAR-DC, Table 3.7-1.

7.2.4 DYNAMIC FLUID LOADS-

Dynamic fluid loads are a result of fluid transients due to safety
relief valve thrust, water and steam hammer. These events are

i
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evaluated in the piping analysis. Supports should be designed to
meet the requirements of the piping analysis.

7.2.5 WIND / TORNADO LOADS ,

Exposed piping and support structures shall be designed to
'

withstand forces generated by wind and tornados. Wind and tornado
loading on the piping should be evaluated in the piping analysis.
The effects of wind and sornado on the support structure shall also
be ccnsidered in the support qualification. Design wind speeds are
provided Jn CESSAR-DC, Section 3.3.

7.2.6 MISSILE LOADS

Supports subjectect to loads described in CESSAR-DC, Section 3.5.1
should be evaluated for the Offects of missiles.

7.2.7 PIPE BREAK LOADS

The dynamic effects of pipe breaks on the piping system shall be
considered in the piping analysis unless eliminated by leak-before-
break (LBB) methodology. The effects of pipe whip, jet
impingement, and temperature increases on the support structure
should be considered in the support qualification.

7.2.8 Support Stiffness

Supports may be modeled in-the piping analysis'by using the actual
support stiffness values or by using rigid stiffness values. If
using the actual support stiffnesses, the flexibility of all
support components as well as the effects of the building. structure
should be included in the total stiffness value.

Rigid stiffness values are typically used. Actual stiffness values
for flexible supports (e.g., spring cans) are usually included in

; the piping analysis. When using rigid stiffnesses, it is also
i important that all supports, in a given pipe analysis, be designed

with a reasonably equal stiffness. This reduces-the effects of
' load redistribution to stiffer supports due to the deflection of

*

the more flexible supports.

Since supports are usually ,modeled with one stiffness value for
both directions of a support axis, supports should be designed to,

i have similar stif fnesses in both ' directions. Addit _onally, , support
stiffness in the . unrestrained direction of the pipe 'should be
considered to minimize.the effects of seismic inertia loading of
the support mass,

f

Additionally, the piping analysis may ' assume that supports are
sufficiently rigid in comparison to the pipe to allow decoupling of

# the supports from the piping analysis. Therefore, rigid supports

|

SPFCIFICATION DRAFT
'

XXX-XXX.XX-XXXX 36 of 50 August 25, 1992

, - - - . -. .

- . - .. - . .



.. _ - - _ _ . __. . _ . . . _ _ .._ __ _

|

|
;

SYSTEM 80+" DESIGN CERTIFICATION |
PIPING ANALYSIS SPECIFICATION

should be designed to ensure the stiffness of the supports do not
significantly affect the pipe frequency.

,

7.2.9 FRICTION

Temperature changes in the piping s,vstem will cause movement in the
4

i unrestrained direction of the pipe. If the pipe is free to slide
across a support, frictional forces will be developed between the

! support surface and the pipe. The amount of frictional force
developed is a function of the coefficient of friction of the
sliding surfaces and the support stiffness in the direction of.

movement. Since friction is due to gradual movement of the pipe,
.

such as thermal expansion, frictional forces should be considered
4

| in the support qualification under combined' deadweight and thermal
{ loading only. Friction forces should be applied in both directions
|.

of thermal expansion.

j- Typically, frictional forces are neglected in the analysis of the
; piping system because supports are designed-to minimize the effects
j of friction on the piping analysis.

7.2.10 SUPPORT GAPS

Gaps between the support and the restrained direction of the pipe
create c non-linear situation which should be avoided. However for

i frame type supports built around the pipe, small gaps should be
: provided. These gaps allow for radial thermal expansion of the
! pipe as well as allowing for pipe rotation. In order to neglect

support gaps in the pipirg analysis, they are typically restricted
1 to a total of 1/8" in the restrained direction. More restrictive-

| gaps could be needed at supports close to sensitive equipment or
where specific thermal or transient stops are specified. Gaps of
these magnitudes are typically negligible and considered to be zero'

| in the piping analysis.
1

i Gaps in the unrestrained direction should be specified large enough
to accommodate the maximum movement vf the pipe. Standard practice
is to. provide an additional 1/2" gap to account for uncertainties,

i in the piping analysis.
;

| 7.2.11 SUPPORT ORIENTATION
:

| Supports should be provided in the direction required by the piping
analysis. However, due 3 pipe movements, the orientation of the'

: support uxis could cha.ge during different plant conditions.
| Therefore, supports such as struts and snubbers should ae designed

to minimize the effects of the pipe movements,
i

( 7.2.12 SUPPORT MASS

! Typically the m&ss of the support is not considered in the piping
analysis. Therefore, the weiriht of components supported by the

;
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i

pipe should be limited to the extent possible. For example, spring

i supports should include the weight of the components below the
j spring in the spring load setting, thus negating the weight that

would have beaa supported by the pipe. However, due to the seismic
,

response of the attached mass, supports which add substantial mass*

to the pipe should be evaluated for the effects on the piping
; analysis.

I 7.2.13 WELDED PIPE ATTACHMENTS

! Welded attachments to the pipe wall should be avoided where
possible. However, certain design requirements such as anchors or-

axial restraints could require the use of welded lugs or trunnions.
All welded attachments will require the evaluation of the local

,' stresses induced into the pipe. Materials used as welded
attachments shall be comIatible with the piping material.

1

7.3 LOAD COMBINATIONS

Load combinations shall be in accordance with CESSAR-DC, Section-

i 3.9.3.1 and are detailed in Table 7-1.

7.4 ACCEPTANCE CRITERIA.

Stress limits for structural members of pipe supports shall meet
the requirements defined in ANSI /AISC N690, " Nuclear Facilities-
Steel Safety-Related Structures for Design Fabrication and
Erection".

Manuf actured catalog items should meet the requirements of MSS-SP-
58, " Pipe Hangers and Supports-Materials, Design and Manufacture".
The application of catalog components should be consistent with the
manuf acturer's requirements and should meet the manuf acturer's load
rated capacities for the items.

,

,

Expansion anchors and other steel embedments used in the support
| design shall meet the requirements of ACI-3:19, " Code Requirements
! for Nuclear Safety Related Concrete Structures".

,

7.5 JURISDICTIONAL BOUNDARIES
I

The jurisdictional boundaries shall be as defined in ASME Code,
Section III, Subsection NF. However, the acceptance criteria as

i defined above chould also be applicable for the qualifigation of
| support components within the NF boundaries.

,
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TABLE 7-1

Loadino Conditions and Load Combination Requirements
for ASME Code Class 1, 2, and 3 Pipina Suonorts

CONDITION LOAD COMBINATION

1. Normal Condition Weight
(Service Level A) Thermal (1)

2. Upset Condition Weight
(Service Level B) Thermal (1)

Dynamic Fluid Loads (2)
OBE Inertia
OBE Seismic Anchor
Movements or Wind (3)

3. Emergency Condition Weight
(Service Level C) Thermal (1)

Dynamic Fluid Loads (2)
SSE Inertia
SSE Seismic Anchor
Movements or Tornado (3)

4. Faulted Condition Weight
(Service Level D) Thermal (1)

Dynamic Fluid Loads (2)
SSE Inertia
SSE Seismic Movements
Pipe Rupture Loads

i

NOTES:

1. Thermal conditions (including ambient temperature) to be combined
to provide maximum load combinations.

2. Dynamic Fluid Loads due to safety / relief valve thrust, steam
hammer, and water hammer.

3. Wind and tornado loads are not combined with earthquake loading.

1

1
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4

8.0 POSTULATED PIPE BREAKS .

:

] 8.1 CLASSIFICATION
i
j 8.1.1 HIGH ENERGY
i

High energy piping s/ stems are those systems or portions of systems
,

that are maintained pressurized at either temperatures in excess of'

{ 200'F or at pressures exceeding 275 psig during any of the
following normal plant operating modes. For systems containing

! process fluids other than water, the atmospheric boiling
; temperature may be applied in place of the 200'F critorion.
i e

Reactor Startup*

Hot Standby*
:

; Operation at any Power Level*

| Reactor Cooldown to Cold Shutdown*

i

1 Exceptions:
d

'

A. Non-liquid piping systems (air, gas, steam) with a maximum
pressure less than or equal to 275 psig are not consideredi

| high energy regardless of the temperature,
f

i B. Piping which operates at pressures and/or temperatures
meeting high energy requirements is not considered high
energy if the total time spent in operation at high energy-

conditions is less that either of the following:

1. One percent of *he normal operating. lifespan of the
plant, or

!

2. Two percent of the time period required to accomplish
its system design function.

:
1

i C. Piping of one-inch nominal pipe size and less is not
considered "high energy."

'

8.1.2 MODERATE ENERGY
i

Moderate energy piping systems are those systems or' portions of
systems, that during any of the normal plant operating modes are

' maintained pressurized at a maximum temperature of 200'F or less
and a maximum pressure of 275. prig or less including all piping-
excluded from high energy.

!
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E.xceptions:

A. Open-ended vents and drains are not considered moderate
energy.

B. Piping of one-inch nominal pipe size and less is not
considered moderate energy.

8.2 POSTULATED BUPTURE LOCATIONS

8.2.1 BREAK LOCATIONS IN ASME C: ASS 1 PIPING RUNS

Breaks, in accordance with Section 8.2.5, shall be postulated to
occur at the following locations in ASME Class 1 piping:

A. The terminal ends of the pressurized portions of the run.

B. At intermediate locations selected by either one of the
following methodo:

1. At each location of potential high stress or fatig lec
such as pipe fittings (elbow, tees, reducers, etc.),
valves, flanges, and welded attachments; or

2. At all intermediate locaticno between terminal ends
where the following stress or fatigue limits are
exceeded:

The maximum stress range, S, between any two load*

sets (including the zero load set) calculated by
Eq. (10) in S;barticle NB-3653, ASME Code, Section
III, exceeds 2.4S, and the stress ranges calculated
by both Eq. (12) and Eq. (13) in Subarticle NB-
3653, ASME Code, Section III, exceeds 2.4 S,.

* U exceeds 0.1.

Where: S, = allowable design stress-intensity
value, as defined in Subarticle NB-
3600, ASME Code, Section III,

U = the cumulative usage factor as
calculated in accordance with
Subarticle NB-3600, ASME Code, Section

'
III.
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1

I

i 8.2.2 BREAK LOCATIONS IN ASME CLASS 2 AND 3 PIPING RUNS

Breaks, in accordance with Section 8.2.5 shall be postulated to

|
occur at the following locations in ASME Class 2 and 3 piping:

A. The terminal ends of the pressurized portions of the run.

| B. At intermediate locations selected by either one of the |
'following methods:'

l. At each location of potential high stress or f atigue, 1

.
such as pipe fittings (elbows, tees, reducers, etc. ) ,
valves, flanges, and welded attachments; or'

: \
i 2. Where the piping contains no fittings, welded .

i attachments, or valves, at one location at each
i extreme of the piping run adjacent to the protective
i structure, or
1

4 3. At all locations where the stress, S, exceeds
0.8 x (X + Y).

1 Where, as defined in ASME Code, Subarticle NC-3650,
;

= stresses under the combination of loadings'

S
associated with the normal and upset plant4

condition loadings and an OBE event, as
calculated from the sum of Eq. (9) and (10).

4

equation (9) Service Level B allowable stress.X =

equation (10) allowable stress.Y =

|
8.2.3 SREAK LOCATIONS IN NON-SAFETY RELATED PIPING RUMS

i
For non-safety class piping which is not seismically analyzed,-

'

leakage cracks are postulated at axial locations such that they
j produce the most severe environmental effects.

8.2.4 BREAK LOCATIONS IN PIPING RUNS WITH MULTIPLE ASME CODE
PIPING CLASSES

.

Breaks, in accordance with Section 8.2.5 shall be postulated to
occur at the following locations:*

A. The terminal ends of the pressurized portions of the - run.

B. At intermediate locations selected by_either one of the
j following methods:

|
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1. At oach location of potential high stress or fatigue,
! such as pipe fittings, valves, flanges, end welded
j attachments; or
I

i 2. At all intermediate locatione between terminal ends
where the stress and f atigue limits of Sections
8.2.1.B.2, or 8.2.2.B.2, are exceeded.<

8.2.5 BREAK LOCATIONS;

] Both circumferential and longitudinal breaks are postulated to
1 occur, but not simultaneously, in all hich-ent;rgy piping systems at
1- the locations specified in Sections 8.2.1 through 8.2.4 except as
'

follows:

: A. Circumferential breaks are not postulated in piping runs
of a nominal diameter equal to or less than 1 inch.

J

B. Longitudinal breaks are not postulated in piping runs of;
a nominal diameter less tnan 4 inches.

C. Longitudinal breaks are not postulated at terminal ends.

$ D. Only cae type of break is postulated at locations where,
i from a detailed stress analysis, such as finite-element
i analysis, the state of stress can be used to identify the-

most probable type. If the primary plus secondary stress
: in the axial direction in found to be at least 1.5 tir
; that in the circumferential direction for the most ses
; loading combination association with Level-A and Levt,

service limits, then only a c1rcumferential break is'

postulated. Conversely, if the primary plus secondary
stress in the circumferential direction is found to be at-
least 1.5 times that in the axial direction for the most
severe loading combination associated with Level A and
Level B service limits, then only a-longitudinal break-is
postulated."

)
'

E. Circumferential and longitudinal breaks are not postulated
i at locatic s where the requirements of Section 8.2.7 are

satisfied.'

F. Circumferential and longitudinal breaks are not postulated
at locations where the criterion in Section 8.2.6.2- is
used.

I

8.2.6 CRACK LOCATIONS-

8 . 7 ... t?.1 Through' Wall CracJg

$ Through-wall cracks are postulated in all high-energy and moderate-
energy piping systems having a nominal diameter greater-than'1 inch

,

i
.
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at the locations specified in Sections 8.2.1 through 8.2.4, except'

that through-wall cracks are not postulated at locations where:

A. For Class 1 piping, the calculated value of S, as defined
in Section 8.2.1, is less than 1.2 S,.4

B. For Class 2 and Class 3 piping, the calculeted values
3

i of S as defined in Section 8.2.2 is less than
0.4 x (X + Y).

!

C. The requirements of Section 8.2.7 are satisfied.

D. The criterion in Section 8.2.6.2 is used.
.

8.2.6.2 Leakaoe Cracks
,

A leakage crack is postulated in place of a circumferential break,
,

or longitudinal break, or through-wall crack, if justified by an
,

analysis performed on the pipeline in accordance with the
,

requirements of Section 9.0.
:

For moderate-energy fluid systems in reas other than containment
penetrations, leakagu crecks are postulated at axial--and

i circumferential locations that result in the most severe

| environmental consequences. Where a break in a high-energy fluid
! system is postulated which results in more limiting-environmental

conditions, the leakcge crack in the moden.te-energy fluid system,

is not postulated.

Leakage cracks, instead of breaks, are postulated in the piping of
fluid systems that qualify as high-energy fluid systems for short'

operational periods of time but that qualify as moderate-energy
fluid systems for the major operational period.

8.2.7 PIPING NEAR CONTAINMENT ISOLATION VALVES

Ruptures are not postulated between the containment wall and the
inboard or outboarc isolation valves in piping, which is designed,

in.accordance with the rules of the ASME Code, Section III, and

| which-meets the following additional requirements:-

A. The limits-for postulating intermediate rup . .re locations,
as specified in Section 8.2.1 for Class 1 piping and 8.2.24

for Class 2 and 3 piping, are not exceed ~~ in that portion
of p; ping.

.

3. Following a postulated pipe break of high-energy piping
4

beyond either isolation valve, the stresses in the piping
from the containment wall, to and including the length of

i
~

the isoJ ation valve, are maintained within Level C Service
Limits as specified in the ASME Code, Section III.
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C. The design and inservice inspection requirements, as
specified in the USNRC Branch Technical Position, MEB 3-1
(CESSAR-DC, Section 3.6, ReJ3rence 4), are satisfied.

D. The containment isolation- val res are appropriately
qualified to assure that operability and leak tightness
are maintained when subjected to any combination of4

loadings, which could be transmitted to the valves from
postulated pipe breaks beyond the valves.

.

E. For moderate-energy piping, the stresses calculated by the
sum of equations (9) and (10) in ASME B&PV Code, Section

i III, NC-3653, do not exceef 0.4 times the sum of the
stress limits given in NC-3663.

8.3 POSTULATED RUPTURE CONFIGURATIONS
,

4

8.3.1 BREAK CONFIGURATIONS

Where break locations are postulated at fittings without the
benefit of a detailed stress calculation, breaks should be assumed'

to occur at each pipe-to-fitting weld. If detailed stress analyses
i or tests are performed, the maximum stressed location in the

fittings may be selected as the break location.

Circumferential and longitudinal breaks should be postulated in
fluid system piping and branch runs as specified in Section 8.2.5.

8.3.2 CRACK CONFIGURATIONS

Leakage cracks should be postulated at those axial locations
specified in Section 8.2.6.

For high-energy piping, leakage cracks should be postulated in
those locations that result in the most severe environmental*

consequences. The flow from the crack should be assumed to wet all
unprotected components within the compartment with consequent
flooding in the compartment and communicating compartments.
Flooding effects should be determined on the basis of a
conservatively estimated time period required to effect correctivey

actions.

I 8.4 PIPE RUPTURE LOADS

This section applies to all high-energy piping other than that
whose dynamic. effects due to pipe breaks are eliminated from the
design basis by leak-before-break. (LBB) evaluation.

A. Circumferential Breaks

Circumferential breaks are assumed to result in pipe
severance and separation amounting to at least a one-

: SPECIFICATION DRAFT
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diameter lateral displacement of the ruptured pip.ag
sections, unless physically limited by piping restraints,
structural members, or piping stiffness. The dynamic
force of the jet discharge at the break location is based
on the effective cross-sectional flow area of the pipe and
on a calculated fluid pressure as modified by an
analytically determined thrust coefficient. Limited pipe
displacement at the break locations, line restriction flow
limiters, positive pump controlled flow, and the absence
of energy reservoirs are taken into accoant, as
applicable, in the reduction of the jet discharge. Pipe
whip is assumed to o,ccu r in th( plane -defined by the
piping geometry and configuration, and to cause pipe
movement in the direction of the jet reaction.

B. Dynamic Force of the Fluid Jet Discharge

The dynamic force of the fluid jet: discharge is based on
a circular break area equal to the cr. is-sectional flow
area of the pipe at the break location and on a calculated
fluid pressure modified by an a"alytically determined
thrust coefficient, as determined for a circumferential
break at the same location. Line restrictions, flow
limiters, positive pump-controlled flow, and the absence
of energy reservoirs are taken into account, .as
applicable, in the reduction of jet discharge.

Piping movement is assumed to occur in the direction of
the jet reaction, unless limited by structural members,
piping restraints, or piping stiffness.

C. Pipe Blowdown Force and Wave Force

The fluid thrust forces that result from either postulated
circumferential or longitudinal breaks, are calculated
using a simplified one-step forcing function methodology.
This methodology is based on the simplified methods
described in ANSI /ANS 58.2, " Design Basis for Protection
of Light Water Nuclear Power Plants Against the Effects of i

Postulated Pipe Rupture". See CESSAR-DC, Section 3.6,
References 5 and 6.

When the simplified method discussed above leads to
impractical protective measures, then a more. detailed
computer solution which more accurately reflects t%
postulated pipe rupture event is used. The computer
solution is based on the NRC# s computer program developed
for calculating two-phase blowdown forces. See CESSAR-DC,
Section 3.6, Reference 7.
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,

'

D. Evaluation of Jet 1mpingement Effects,

f

Jet impingement force calculations are performed only if
structures or components are located near postulated high'

; energy line breaks and it cannot be demonstrated that
i failure of the structure or component will not adversely

affect safe shutdown capability.
:

j E. Longitudinal Breaks

! A longitudinal break results $n an axial split without
severance. The split should be assumed to be orientated*

at any point _of highest stress as justified by detailed'

stress analysis. For the purpose of design, the
,

i longitudinal break should be assumed to be circular or
elliptical (2D x 1/2D) in shape, with an area equal to the
largest piping cross-sectional flow area at the point of

j the break and have a discharge coefficient of 1.0. Any-
other values used for the area, diameter and discharge'

; coefficient associattd with a longitudinal break should be
! verified by test data which defines the limiting break

geometry.

8.5 PIPF RUPTURE ANALYSIS.

i
8.5.1 DYNAMIC ANALYSIS OF PIPE WHIPt

;

i Pipe whip restraints usually provide clearance for thermal
expansion during normal operation. If a break occurs, the1

i restraints or anchors nearest the break are designed to prevent
unlimited movement at the point of break (pipe whip).

The dynamic nature of the thrust load is considered. In the absence
of analytical justification, a dynamic load factor of 2.0 is
applied in determining restraint loading. (Elastic-plastic) pipe
and whip restraint material properties -may be ' considered, as

4

j applicable. The effect of rapid strain rate of material properties
; is considered. A 10 percent increase in yield strengt.. is.used to

account for strain rate effects.
,

: In general, the loadings that result fcom a' break in piping are
determined using either a dynamic blowdown or a conservative static

'

blowdown analysis. The method for analyzing the interaction
effects of a whipping pipe with -a- restraint is one of the
following: (1) Equivalent Static Method, (2) Lumped Parameter
Method, or -(3) the Energy Balance Method.

,

In cases where the time history or energy balance method is not-;
*

used, a conservative static analysis model should be used.

i The lumped parameter method is carried out by utilizing a lumped
mass model. Lumped mass points are interconnected by springs to

SPECIFICATION DRAFT
XXX-XXX.XX-XXXX 47 of 50 August 25, 1932

:
- -



1

SYSTEM 80+" DESIGN CERTIFICATION
PIPING ANALYSIS SPECIFICATION

,

take into account inertia and stiffness properties of the system.
A dynamic forcing function or equivalent rtatic loads may be
applied at each postulated break location with unacceptable pipe
whip interactions. A nonlinear elastic-plastic analysis of the
piping-restraint system is used..

The energy balance method is based on the principle of conservation
,
' of energy. The kinetic energy of the pipe generated during the

first quarter cycle of movement is assumed to be converted into4

j equivalent strain-energy, which is distributed to che pipe or the
whip restraint. -

,

i 8.5.2 DYNAMIC ANALYSIS OF UNRESTRICTED PIPES

The impact velocity and kinetic energy of unrestricted pipes is;

calculated on the basis of the assumption that the segments at each
side of the break act as rigid-plastic cantilever beams subject to
piecewise constant blowdown forces. The hinge location is fixed

: either at the nearest restraint or at a point determined by the
requirement that the shear at an interiar plastic hinge is zero,i

j The kinetic energy of an accelerating cantilever segment is equal
to the difference between the work oone by the blowdown force and'

that done on the plastic hince. The impact velocity V is found2;

from the expression for the Linetic energy:

!

2 (Eqn. 8-1)KE= M,V7

:

; Where M., is the mass of the single degree of freedom
dynamic model of the cantilever. The impacting mass'is
assumed equal to M.,.

9.O LEAK-BEFORE-BREAK
;

9.1 DESIGN OF PIPING EVALUATED FOR LEAK-BEFORE-BREAK

The approach being taken toward design certification of System 80+
i is to include leak-before-break (LBB) considerations in the piping

design. One aspect of the LBB evaluation pursued for each selected
piping system is performance of a preliminary LBB evaluation prior-
to and independent of pipe routing. This evaluation is used to
provide the piping designer with LBB acceptance criteria, in terms
of a range of materials, pipe sizes, and NOP and maximum design
loads for all locations in the pipe. If the acceptance criteria is
met, an acceptatle result of the LBB evaluation of the final design
is assured. The range of piping parameterc developed by this
preliminary evaluation forms a " window" of acceptane criteria
which the piping designer can utilize to route, design ad support
the piping system.
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For the System 80+ design, the following five piping systems inside
containment will be designed to the requirements of Section 9.2 to i

assure leak-before-break:

Main Coolant Loop (42-inch ID hot leg and 30-inch ID*

cold leg)

Surge Line (12-inch diameter)*

Shutdown Cooling Line (16-inch diameter portlan)*

Direct Vessel Injection (10-inch diameter portion)*

Main Steam Line (28-inch ID portion)*

9.2 PIPING DESIGN REOUIREMENTS

The piping design requirements for assuring that LBB is met are
given in Table 9-1 below:

TABLE 9-1

System 80+ Piping Desion Recuirements For LBB

NOP Plus Max Pipe Weld
Pipina System Desian Load Material Material
Main Coolant Loop (Hot Leg) < >
Main Coolant Loop (Cold Legi < >
Surge Line (12") < (LATER) >
Shutdown Cooling Line (16") < >
Direct Vessel Injection (10") < >
Main Steam Lit (26" ID) < >

The requirements of Table 9-1 are established by LBB evaluations
using the methodology described in Appendix A. In addition to the j
requirements aof Table 9-1, the five piping systems listed above ,

must meet the LBB applicability criteria outlined in Appendix A,
Section 1.2.1. NOP - and maximum design loads are defined in
Appendix A, Section 1.1.4. Appendix A also discusses design
philosophy and offers design guidelines for piping systems
evaluated for LBB.

9.3 PIPING DESIGN PROCEDURE

The designer shall route, design and analyze the piping evaluater
for LBB in accordance with the ' ASME Boiler and Pressure Vessel
Code, considering the LBB requirements given above and utilizing
guidelines.herein. As-calculated piping loads-should be compared
to the " window" of acceptance criteria in Table 9-1 established by
the LBB evaluations. If the acceptance criteria are met,
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demonstration of LBB is assured. If the acceptance criteria are
not met, the as-calculated loads based on the actual routing should
be evaluated for LBB usinJ the finite element analysis methodology
described in Appendix A, Section 1.3.4. If this LBB evaluation
does not assure that LBB is met, an iterative process of generating
revised LBB acceptance criteria for a re-sized pipe and redesigaing
the piping system should be pursued.

10.0 SMALL-BORE PIPING

To simplify the procedure for the design of small-bore piping, two-
inch nominal pipe size (NPS) and smaller, the procedure provided in
NC.TG-14, " Procedure for Seismic Evaluation and Design of Small Bore
Piping'; may be used ir lieu of the more rigorous analysis as
detailed in Section 4.0.

.

4

1
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1

APPENDIX A:

i
'

1.0 LEAK-BEFORE-BREAK

1.1 PLANT BND PIPING DESIGN CONDITIONS

; 1.1.1 PIPING DESIGN PARAMETERS
.

The use of Leak-Before-Break (LBB) technology has, in the past,
2

| been limited to the evaluation of piping systems already designed
and constructed. The System 80+ design certification approach
makes it possible to design certain piping systems such _ that
elimination of the dynamic ef fects of_ postulated pipe breaks by LBB
is assured at the design stage.

4

'

In piping design, fluid system equirements normally drive the
selection of specific piping parameters. For those piping systems
chosen for LBB evaluation, LBB considerations.must be integrated
into the process _of celecting those design parameters.
Specifically, the design parameters for which LBB should be
considered include pipe size (cross-section), -pipe and weld

| materials, loads, and piping system thermal flexibility.

i The pipe and weld material should be chosen considering LBB
requirements along with system, stress and fatigue requirements.

| Within the limitations of the fluid system and ASME Code
requirements, the designer should select pipe and weld materials

.

which have good corrosion resistance, high yield and high toughness
"

characteristics.
{

; Piping system thermal flexibility is governed by the _ stress
requirements of the ASME Code and the duty cycle of loadings. Thet

piping system should be routed such that it is sufficiently4

flexible to be able to thermally deflect without exceeding stress-

{ or fatigue limits. It should also meet criteria for all load
combinations associated with earthquakes (see Sections 3.0 through
6.0).

.

Increased flexibility of the piping system results in lower pipe
loads from thermal loadings. Low normal operation (NOP) loads are2-

advantageous in the LBB crack stability analyses ~ provided that low
.C NOP loads do not result in a leakage crack length that is- too long.

A smaller NOP load results in a longer circumferential crack length4

necessary to produce a crack with 'a detectable flow rate. This
longer crack leaves a weaker pipe cross section, which is subjected
to load combinations in the stability analyses. This means that,

the pipe designer must also be mindful of the SSE ]oading'if the
pipeline under consideration is to meet- LBB requirements.4

Inclusion of seismic supports should be_ considered in the overall*

SPECIFICATION DRAFT
XXX-XXX.XX-XXXX- A-1 August 25, 1992

i



. _ _ .

SYSTEM 80+* DESIGN CERTIFICATION
PIPING ANALYSIS SPECIFICATION

APPENDIX A

flexibility of the piping system. A piping system that is made too
flexible because of NOP considerations alone could require too many
seismic snubbers.

The approach in considering piping system thermal flexibility
should be to route the pipe subject to the thermal loadings, other
NOP loadings, seismic loadings and stress and fatigue limits.
Revisions or limitations to certain thermal modes of operation may
need to be considered in older to satisfy thermal flexibility
requirements. Determination of a leakage crack length for LBB
should be made on the basis of the NOP pipe loads generated or may
be conservatively calculated by applying operating pressure ilone
to the crack model (see Appendix A, Section 1.3.3).

1.1.2 LEAKAGE DETECTION SYSTEMS

CESSAR-DC, Section 3.6.3.3.1 states the following:

A 3?ak detection system is recommended by NRC Regulatory
'

Guide 1.45 capable of detecting a leakage rate of.. 1.0
gpm...or leds...from the primary system. NUREG-1061,
Volume 3, " Evaluation of Potential for Pipe Breaks",
recommends a safety-margin of ten on the leak detection,

system. Diverse measurement means are provided,
including water inventory monitoring, sump level and flow
monitoring, and measurement of airborne radioactive
particulates or gases.... Leak detection system
requirements to support the LBB analysis for main steam

" line piping are mct by a combination of humidity
detectors, condensation on the containment air coolers,
radioactive airborne activity sensors and sump-flow and
level meters.

The various means of leak detection support, but may not- be
'

derigned specifically to, the requirements of-the LBB evaluation.
NRC Regulatory Guide 1.45 requires a Leakage Detection -System (LDS)
capable of~ detecting a 1.0 gpm rate or less, independent-of LBB

g requirements. The LBB evaluation, however, depends on these
" diverse measurement means", their diverse sensitivities and
accuracies, which constitute the LDS, in order to correlate a crack
length to a flow rate ten times the leak detection capability.
Unless otherwise justified, the LBB evaluations of System 80+
piping systems should be based on~a leak detection capability of
1.0 gpm and a-safety margin of 10.
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1.1.3 CONSIDERATION OF POTENTIAL FOR DEGRADATION SOURCES

CESSAR-DC, Section 3.643.1, states the following:

Piping evaluated for LBB is first shown to meet the
applicability requirement of NUREG-1061, Volume 3. The
piping is designed to meet the requirement to have a low
susceptibility to failure from the effects of corrosion,
water hammer or low- or high-cycle fatigue, or
degradation or f ailure of the piping from indirect causes
such as missiles or failure of nearby components.

In order to meet the commitment of CESSAR-DC, Section 3.6.3.1, the
LBB evaluation must consider pipe and weld material selection,
significant thermal modes of operation, the environment in which
the piping is routed, and potential for water hammer within the
particular fluid system, as each relates to the potential for
degradation of the pipe (see NUREG-1061, Volume 3, Section 5.1).

3Consideration of LBB, in turn, should be integrated into the
process of selecting materials- (for corrosion resistance),
determining modes of operation - (for reduction of loads from
critical thermal transients), designing the piping system to
preclude water hammer, and routing, where possible, to minimize the
potential of failure of the pipe from-indirect causes (see Section
2. 6) .

1.1.4 CONSIDERATION OF LOADING CONDITIONS

Loads due to NOP (dead weight, pressure, and normal steady state
thermal conditions) should be applied to the pipe section to
calculate a crack length that will -result -in ten times the
detectable leakage rate. As previously mentioned, a pressure-only
Iced may be considered in this crack-length determination-in order
to generate a maximum bounding case on leakage crack length. For
smaller pipes, this could be too conservative, in which case a full
set of'NOP loads should be applied to determine crack length.

NOP loads, critical thermal transients (including loads due to
thermal stratification, Section 2.8), SSE loads, and normal
. operation dynamic transient loads (such as from rapid valve
closure), combined in the same manner as prescribed in the piping
design specification for the ASME Code design-report, should be
considered in the. stability analyses. The combination of the NOP
load and the largest of the design loads (which will be referred to
herein as the " maximum design" load) should be applied to the
cracked pipe section in the stability analyses, along with the
applicable load margin. Minimization of the above loads is, in
general, advantageous to the LBB evaluation and should be pursued

e
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in the routing and design of the selected piping system (see
Appendix A, Section 1.1.1 for a further discussicn with respect to
LBB). In addition, overuse of dynamically activated snubbers to
reduce piping response loads due to seismic and dynamic transient
excitations should be avoided, or at least be balanced against the
reduced reliability and maintainability that snubbers can cause in
plant operations.

1.2 CRITERIA

1.2.1 APPLICABILITY OF LBB

CESSAR-DC, Section 3.6.3.1, outlines the LBB applicability
requirements for a piping system by committing to the
applicability requirements of NUREG-1061, Volume 3 (also see
Appendix A, Section 1.1.3).

.

1.2.2 DETECTABLE LEAKAGE RATE REQUIREMENT

Per NUREG-1061, volume 3, the detectable leakage rate requirement
'

of the leak detection system is 1.0 gpm or less. -The leakage crack,

to be subjected to the crack stability analyses should leak at a
rate ten times the capability of the LDS. CESSAR-DC, Section
3.6.3.3, commits to these requirements of NUREG-1061, Volume 3.
Unless otherwise justified, LBB evaluations should.be based on a
leak detection capability of 1.0 gpm.

1.2.3 STABILITY ANALYSIS ACCEPTANCE CRITERIA -

CESSAR-DC, Section 3.6.3.9, summarizes the stability analysis
acceptance criteria as follows:

A. Cracks which are assumed to grow through the-pipe wall
leak significantly while remaining stable. The amount-of
leakage is detectable with a safety margin of at least a
factor of 10.

B. Cracks of the length that leak at the rate-in A above can
withstand normal operation pLps maximum design loads with
a safety factor of at least 42..

C. Cracks twice as long as those addressed in B above will
remain stable when subjected to normal operation' plus
maximum design loads.

NOP and maximum design loads are defined in Appendix A, Section
1.1.4.

SPECIFICATION ' DRAFT,

XXX-XXX.XX-XXXX A-4 August 25, 1992

.._ - . ._



-_.. - -.- - .--

]
;

i, --

!

I SYSTEM 80+" DESIGN CERTIFICATION-

!. PIPING ANALYSIS SPECIFICATION
t

3:

b APPENDIX A
t

!

[ 1.3 ANALYSIS

1.3.1 DETERMINATION OF LEAKAGE CRACK LOCATIONS ,

1:
j- It is a regulatory requirement that LBB be applied *.o an' entire
! piping system or analyzable portion thereof, typically segments
| located between anchor points. Therefore,- for practicality,
;- locations of.higaer maximum design loads should be. determined _-in-

! order to reduce the number of locations where the LBB evaluation is
j to be performed.

,

) .

| A screening process based on comparison of the maximum design load
i to crack length (i.e., applied moment-to the square of the' crack
i length "a ") _ may be used t'o determine .- the locations wheres crack

.

' stability is most likely to be-challenged. These locations becc.ie-+
-

|- the-basis for - _ locating leakage cracks to'be evaluated. _ : Simple
: criteria may be developed for screening. -For example, locations'
i with significantly lower ; maximum design loading and similar NOP

~

loading may be _ eliminated from . further ; consideration. _Large
i diameter pipes _with-low NOP and maximum design loads compared with
I more highly loaded-locations mayLbe eliminated. Smaller pipes are ,

more difficult to screen since the final margin on crack; size (2),

| or final margin on. load? (V2) each have the; potential of;being--the
; limiting criterion. . These two. margins areLequally_ limiting for

*

1arger pipes, which remain mostly elastic.4

|

| 1.3.2 FLOW RATE CORRELATION .

i

| The' leakage crack: size should be correlated to the LDS_ capability.
i In order to simplify the LBB evaluations and provide' safety margin,

ai the value of- 250-gpm/in should- be used for the leukage rate in.the-
2primary system. A value_of 40-gpm/in of condensed liquid-shouldL.

be used for the leakage rate in.the main steam:line, -These values.'
-

! account _for variables such as_ surface. roughness of the side walls
~

| of the- crack,- the nonparallel relationship of the side walls due to -
i the- elongated crack shape, and possible zig-zag tearingiof the
c material during crack: formation. The selectionHof the7respectivo
j value above as a' conservative lower bound is supported by NUREG/CR
i. 4 5*72, "NRC' Leak-Before-Break (LBB). Analysis: Methods' for

- Circumferentially .. Through-Wall Cracked f Pipes- Under' _ Axiali Plus!
--

i- Bending Loads"'. For example, in_- order for110. gpm leakage to occur-
F at_a rate ' of 250 gpm/i_n , the leakage area should;be 0'.04 - in .8-

;- Similarly, in--order for 10 gpm leakage to occur at a-rate of:40
gpm/in',-;the leakage-area should-be 0.25 in ._ .These respective8

y crack opening areas should--be'usec' to determine theilength of the
! detectable-leakage crack for stability evaluations unless another
i co'rrelation is; justified. .

l'
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,

1.3.3 PRELIMINARY LBB EVALUATION USING EPRI/GE ESTIMAT. TON OR
SIMILAR METHOD (Where Applicable)

The approach being taken toward design certification of System 80+
is to include LBB considerations in the piping design. One aspect
of the LBB evaluation pursued for each selected piping system is
performance of a preliminary LBB evaluation prior to and
independent of pipe routing. This evaluation is used to provide
the piping designer with LBB acceptance criteria, in terms of a
range of materials, pipe sizes and NOP and maximum design loads for
all locations on the pipe. If the acceptance criteria is met, an
acceptable result of the LBB evaluation of the final design is
assured. The snge of piping parameters developed by this
preliminary evaluation forms a " window" of acceptance criteria
which the piping designer can utilize to route, design and support

,

the piping system.

The preliminary LBB evaluation does not reg'2 ire determination of
specific leakage crack locations, detailed analysis of finite
element crack models, or prior calculation of NOP or SSE pipe

i loads. Crack opening areas may be calculated for large diameter
pipes using methods such as the EPRI/GE estimation method of,

elastic-plastic fracture mechanics. The EPRI/GE estimation methed,

relies on a catalog of pre-analyzed pipes for a variety of sizes
and material behavior. For smaller diameter pipes, the finite
element analyces described in Appendix A, Section 1.3.4 are
performed.

t

' The evaluation of crack openirig areas vs. crack lengths is
I performed first. The EPRI/GE estimation or similar method requires

the material stress-strain properties to be in the form of the.

Ramberg-Osgood law (NP-1931, "An Engineering Approach for Elastic-.

Plastic Fracture Analysis"). Tne preliminary analysis utilizes
best available material properties for the range of materials being
evalur ed. The Ramberg-Osgood law is fit to represent many stress-
strain curves of a range within a generic type of material (e .g. ,
three different types or grades of stainless steel). 'Using the
material properties in the form described above, the EPRI/GE method
is used-to calculate the crack mouth opening displacements for
various crack lengths. The crack opening areas are estimated from.

the crack lengths and opening displacements using an elliptical
approximation for the opriing areas.

.
Next, the leakage rates are computed from the crack lengths and
opening areas, The pressure-only load and a minimum NOP load are'

used to create a range of loads and a corresponding range of crack '
lengths. The results are leakage rate vs. crack length curves.

SPECIFICATION DRAFT
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.

The J-integral curves are then calculated using- the J-integral
estimation methods of the EPRI/GE or a similar method. J-integral
curves are calculated for $he leakage crack sizes'for both (NOP +
Maximum Design Load) and v2 x (NOP + Maximum Design Load) . The
applied loads are chosen to create an acceptance range.

4

For some piping systems, this method creates a "wiriow" of design
requirements for the piping design. In cases where this " window"
is developed, there could be a larger range of acceptable loads
beyond the window than the prel.iminary estimation method generates,

,

for two reasons:
d

A. The detailed piping design ultimately provides actual NOP,

loads, maximtim design loads, and piping design parameters
,

for the detailed finite element analysis of the crack ini

Cne final LBB evaluation.,

k B. The crack length in the detailed analysis may be based on
calculated rather than conservatively low NOP loads, and '

will therefore be shorter.

Design of the piping system to the LBB requiraments developed using,

the above approach will therefore assure that LBB will be<

demonstrated in the final design,,

i 1.3.4 DETAILED FINITE ELEMENT ANALYSIS

.
Detailed finite element LBB analyses are performed-as-a preliminary
a alysis at the design certification stage, for pipes for which the!

es imation method (Appendix A, Section 1.3.3) is too conservative
or inapplicable. A finite element analysis model is used - to
analyze the bour. ding crack cases in detail. For-each location inf

the piping system where a detailed _ evaluation is - perfcrmed, at
least two finite element models are_ developed. One model
approximating the leakage crack size at normal operating loads is.
used to demonstrate. safety margia on the loads. The other model,

,

having a crack length twice that of_the first model, is-used to
demonstrate the margin on crack size. Additional crack lengths may

;

be modelled in order to better define the J-integral vs. crack'

length relationship.,

A three-dimensional isoparamrtric. brick element is used in the-
detailed analysis model. Symmetry is used to minimize the size of
each model analyzed. Constraints are imposed on the models based
on symmetry. The crack surface area is free from constraint in the
direction of the crack opening. External pipe loads are applied to-

the pipe typically at a distance of five times the radius of the
;

t

SPECIFICATION DRAFT.

XXX-XXX.XX-XXXX A-7 August 25, 1992

,

- - sr , 7



- _ - _ _ _ _ _ _ - _ - _ _ _ _ _ _ - - - -
.

SYSTEM 80+" DESIGN CERTIFICATION
PIPING ANALYSIS SPECIFICATION

APPENDIX A

pipe in order to minimize local effects in the cracked region of
the pipe,

the detailed analyses of cracks in pipe welds require consideration
of the properties of the pipe and the weld materials. Per CESSAR-
DC, Section 3.6.3.5, the LBB analysis of cracks in pipe welds
results in a bounding case when the material stress-strain
properties of the base metal, which has the lower yield, and the
fracture properties of the weld, which has the lower toughness, ar6
used in combination for the entire structure analyzed. CE S S AR-D'',
Section 3.6.3.5 summarizes materials selected for System 80+ piping
systeas evaluated for LBB, For preliminary LBB evaluations, the
stress-strain curve and J-integral are developed from best
available information. For final LBB evaluation , the scress-
strain curve and J-integral are developed by testing representative
samples of piping material to be used in the piping system being
evaluated. The ductile fracture parameter, J-integral, is used to
characterize the propensity for crsck extension and stability in
the piping material under consideration.

1
The primary loading on the pipes are those occurring during NOP.
It is this loading condition which is used to determine leakage
crack size. Crack opening areas are calculated at each bounding
locacion for normal operatil.g conditions. For a 10 gpm flow rate,
the opening areas given in Appendix A, Section 1.3.2 are used to-

( determine the leakage crack length,
t

The NOP and maximum design load combiriations are used in the
analysis to envelope the loads. The loads applied are as follows:

A. Pressure Loads

The internal pressure is applied to-the inner surface of
the pip 3, and the averac,e pressure is applied to do crack
-face to account for the pressure drop from internal to
atmospheric pressure across the crack. A longitudinal end
force equilibrating the pressure is applied remote from
the crack. The first incremental load.' step is scaled to
the first yield of the pipe material. Subsequent loading
is applied until full pressure is reached.

B. Normal Operation Loads

The axial force and bending moment is applied to the
remote end of the model. The loads are applied in small
increments. This method of load application allows the
analysis to precisely follow the stress-strain curve of
the material.

SPECIFICATION DRAFT
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C. Maximum Design Loads (Largest of the Safe Shutdown
Earthquake Loads, Critical Thermal Transient Loads, or

| Normal Operation Dynamic Transient Loads)

: The same procedure followed for the NOP loads is used for
the maximum design loads. These loads are applied
incrementally to the model which is loaded by the pressurei

and normal operation lous.

. To evaluate margin on loads, al.. the loads used in Steps A to C
above are added together and then increased to demonstrate
additional margin, per NUREG-1061, Volume 3. The additional loads

: gre applied to the model so that the total load applied is equal to
V2 tim 3s (Pressure + NOP + Maximum Design Load) . The resulting J-

i integral value is compared to the material fracture properties in
order to demonstrate crack stability. The final LBB criteria are*

i J < Jm and dJ/da < dJux/da for the crack sizes and loading
previously given.

To evaluate margin on crack size, the model wita a crack size twice
,

the assumed leakage crack length is used, per NUREG-1061, Volume 3.!

The pressure ai.d arment loads are applied in the same fashion. The
' VGP + Maximumsum of the loads applied is equal to (Pressure d

Design Load).

The J-integral technique is used to demonstrate crack stability.

with the margin on Icad and margin on crack size. The J-integral
is determined in the finite element analysis for pressure, NOP and-

raximum design loadings for the two or more crack lengths for each,

; geometric model. The stability evaluations are made by comparing
the J vs. "a" and J. vs. " a '' , where "a" is the crack size.
Intersection of the curves illustrates that crack stability is
assured, indicating that LBB- is- demonstrated for the crack
evaluated. Crack stability is assured for each location in a given'

i piping system where the loads are within the window analyzed, which
demonstrates LBB for that piping system.

4

' '

2.0 APPENDIX A REFERENCES
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APPENDIX B

i
4

; 1.0 FUNCTIONAL CAPABILITY REQUIREMriiTS

$ ASME Code Class 2 and 3 stainless steel elbows should be considered
to meet the functional capability criteria when the following
equation is net. Furctional- capability evaluations are only
required on elbows with D /t > 50.o

|

b (Egn. B-1)
B* +!L s1. 8 S'2t %Z,; r i

i
:

i
4

(-0 .1 + 0.4h), and 0$B 5 0.5Where: B >=
33

1.0; And: B 0.5 for B, ==
1

1. 3 /h''3 for w > 90B =
2 o

= 0. 8 95/h "2 for w 90=
o

| = 1.0 for =o 0=

!
but not less than 1.0j

$ Linear interpolation is - allowed for values of =,
between 0 and 90 .

!. h = tR/r2

!

= angle of the bend=, o

3
R = elbow bend radius _ (inch),

;

; r = mean radius of pipe (intn)
4 <

| P = pipe design pressure (psig)

D = pipe outside diameter (inch)i o

f t = nominal pipe wall thickness (inch)-
'

M = moment associ ated wit.h plat.t faulted loads
3

"

S = yield strength of material at design temperat urey

3Z = section modulus (in )
>
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PIPING DESIGN

Design Description

Seismic _ Category I piping is defined . - as piping required to-
withstand the effects of an SSE and remain functional. Category I
piping and other Category I structures, sytems,-and components
assure: (1) the integrity of the reactor coolant pressurs
boundary, and (2) the capability _ to shut down the' reactor and-

-

maintain it in a safe shutdown condition, or (3) the capability to
prevent or_ mitigate - the -consaquences- of accidents- which .could
result'in potential offsite exposures.- Seismic Category II piping
is defined as piping which is-not required to function during or
after a seimsic event, . but whose - failure or interaction 1 with-
Category I equipment could prevent a nuclear safety system from
achieving its safety function or could result in an incapacitating
injury to occupants of the control-room.

Seism!: Category - I and Category- II : piping meets the; analysis
requirements of the ASME Boiler and Pressure Vessel (B&PV) Code,'
Section III. Non-category I and II piping _ meets the requirements -
of ASME B31.1, - Power Piping. _ System 80+ _ piping components are

.

designed, fabricated, installed,. analyzed and: inspected to comply
with. applicable regulatory requirements and: industrial codes and
standards. Piping- design - considerations includef loadings _ from
pressure, gravity, thermal expansion, seismic excitation, wind,
tornado, fluid transients, thermal stratification, missiles,|and
postulated pipe breaks.

The following piping systems incorporate leak-before--break (LBB)_
techno_ logy to - eliminate 1 the dynamic _ effects of-- postulated pipe:
break from the design basis: the main- coolant ? loop, the surge
line, and the main; run .of pipe inside containment toDthe first
anchor of the main steam lines, the' shutdown cooling lines and the
direct vessel injection lines. LBB evaluations are performed for
each piping syster incorporating LBB. Each--LBB evaluation. meets
the requirements of 10 CFR 50, Appendix- A, General > Design Criterion '
_(GDC) _4, and is parformed using guidelines of--NUREG'1061,; Volume 3.
Acceptance. criteria are- established for_ eachc piping system-
incorporating'LBB.- The design parameters of1each as-built 1 piping
system must meet the LBB Lacceptance criteria in order to verify the-
certification of the final design of_that-system for LBB.

Vital structures, components,. equipment and systems required:for:
safe shutdown are protected-from the dynamic effects _of postulated-
pipe breaks not eliminated-by LBB'. Designs which, protect- these
items shall_ consider, as_ applicable, pipe whip, water cpray, jet
impingement, _ flooding, compartment _ pressurization, and

-

environmental conditions'in the: area where.the piping is located.

,

s . . . .. . .. , , . . . . . . . _
'

-

_ _ _ - _ , _ _ _ _ _ _



Protection of vital equipment is achieved primarily by-physical
separation of redundant safe shutdown systems and by physical
separation of high energy pipe lines from safe shutdown systems.
Protection requirements are met through the protection afforded by
the walls, columns, floors, abutments, and foundations. Where
protection is not provided by separation, barriers, deflectors,
shields, and, where necessary, pipe restraints are provided.
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PIPING DESIGN

INSPECTIONS, TESTS, ANALYSES, AND ACCEPTANCE CRITERIA

Certified Design Commitment Inspections, Tests, Analyses Acceptance Criteria

1. The piping, its appurtenances, and its 1. Inspections of ASME Code required 1. ASME Code required documents

supports, satisfy the ASME Class, documents and the Code stamp on the and the Code stamps on the

Seismic Category, and Quality Group re- components. components confirm that the
piplng and componenta arequirements commensurate with its clas- designed, analyzed, fabricated,

sification. and examined in accordance with
the applicable requirements.

|2. ASME Code Safety Class 1, 2, and 3 '2, Inspection of the certified design' 2. The calculated stresses in the

pi ing systems are designed to report to assure that calculated design report do not exceed

ma ntain dimensional' stability and stresses do not exceed the values values allowed for Service Level D- --.)

perform their required function when' 'for Service Level D in the ASME Code, in ASME code, Section III.-
'

subjected to design loadings. Section.III.

3. Analytical methods for the dynamic and a3. Inspection of the certified design spec- 3. Methods comply with the. .

.

static' analysis of piping systems and the ification'and the certified design report the requirements of the

:correspondin component strecs. analysis 'to confirm that the iping was designed ASME Code, Section III andp'

i are speciti 'in a certified design and analyzed in' ecmp 1ance with ASME Code, include a cumulative fatigue';

f ;s cification for each piping system; Section III requirements and a 60 year. usage factor which does not-

| T e analysis.of piping systems uses . design life. exceed 1.0.

-dynamic-analysis techniques such as the- '

time history or response spectrum method,
or-an equivalent static load method.
Piping is-designed:and analyzed for a 60
year design lif e. Fatigue. analysis is
performed accordin to the requirements
of ASME Code, sect on III and shall con-

~ . sider e.tvironmental effects in'the area
where-the piping is located.

4. ASME Code safety Class 1,2,and 3 4. Inspection of the'p ing system design- 4. Required ASME Code allowables
piping systems maintain pressure and analysis to ver y the piping - are satisfied. . Hydrostatic-

Integrity under internal pressure is.in compliance with the ASME Code pres- test results meet the require-

loading conditions for a 60 year " 'sure integrity requirements. Ifydro-- ments of the'ASME Code.
desip life. .The pressure integrity static testing of all piping qstems is
requirements of the ASME Code are met. in accordance with the ASME Code.

'
|

. .
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~ PIPING DESIGN

INSPECTIONS, TESTS.. ANALYSES, AND ACCEPTANCE CRITERIA
,

I
'

! Certified Design Commitment Inspections,'Testr, Analyses Acceptance Criteria e

!
.

1

5. Design and assembly of piping 5. Review certified design report to 5. 'ASME Code, Section III stress re-
allows for clearances between assure that design clearances . cuirements and minimom calculated
adjacent piping, components; and other have been calculated and do not result design clearances are met.,

-

structures when the piping moves because in overstress conditions. Visual inspec-
; of design conditions of static; dynamic,. tions of all critical piping systems shall

and thermal loading. Design analyses be made te verify that caleslated design.

are performed to d,termine-the extent clearances have been met and/or exceeded.
i of the motion of.the pipino and these i

j '
<results are used to determlne: ,

required clearances.

~

'6.'The as-built. iping systems conform 6. Perform a walkdown of the piping system 6. 'The as-built pi e routing and.'

!..
to the as-des gned configurations. to confirm as-designed conditions location and or entation of valves,.

The following will-be verified equipment, and supports are within !

,- pipe routing, support and equipment the tolerances ailowed by the as-
types and locations, required clearances designed layout. drawings. ,

;

t and orientation of valve operators. 'All
deviations f rom the as-designed condition - !

1.. will be evaluated and documented in'the,

analysis file.

j
7. Piping systems,'includirg: required 7. Conduct inspections of ASME Code, Section 7. The essential functicns of struc-

| pipe whip restraints, are designed III required documents and the pipe break 'tures, systems, and components
to protect against the dynamic analysis report to confirm that the are not precluded by postulated',

effects associated with the postulated piping system was designed and analyzed pipe breans. For those components
rupture of high energy'a.A moderate .in compilance with requirements of the. required for safe shutdown, 1 ~ .''

energy fluid. systems. - A pipe break anal - . design specification. Verify limits to meet the'ASME Code re-
.̂

ysis report will be generated'to confirm assumptions made during the LBB bounding quirements for faulted conditions
:that the piping system is acceptable for analyses in the form-of material proper- and limits to ensure required op~

l' . postulated breaks. Piping . systems -ties and piping layout through erability are mete '

that are qualified :for the optionalleak- -inspection of the above ASME documents Values of material properties and
I. before-break design approach (i.e.,-RCS and reports and through visual piping layout for the as-built
i: ' main loop, surge lina, shutdown cooling, . inspections of-the as-built piping. ; plant fall within the envelope ;

safety injection lines, and the main steam- of those values assumed to
,

line inside containment:) may exclude . form the design windows.in the'LBB >

?. dynamic effects from the postulation of: bounding analyses.
1 breaks:in~high energy 1ines.
4 .

. .q
-

i- '9J A postulated pipe break cannot cause . '8. hInspect the certified design- . 8. The certified design report L

*
' a. reactor coolant . steam, or-feedwater specification and the certified design . verifies that limits to meet the

.line break. report to confirm that' pipe break ASME Code requirements for faulted ,

scenarios- considered do not conditions and limits to. insure !
cause reactor coolant, steam, operability of the reactor coolant,i' 'or feedwater line breaks. steam, and feedwater lines are >

.

met for the . postulated pipe ,

break events considgred, *4-
. .

.

i 9. Redundant safe shutdown systems 9 Perform visual-inspection of' plant 9. . Visual inspection" report shows that
i will be located in separate regions. ' redundant safe shutdown systems redundant safe shutdown. systems 1.

i. to verify they are located' are located in' separate'reglans.
! in separate regions.

'
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DISTRIBUTION SYSTEMS DESIGN GUIDE

,

I
I 1.0 PURPOSE
i
; The purpose of this design guide is to provide guidance for the

mecnanical and structural design of distribution systems (piping,!

i HVAC ductwork, and electrical cable trays / conduit)' for the System
80+ standard design. The goal of using this guide' is to provide a

j well-defined, integrated, consistent, standardized, and optimized
j design for System 80+ design certification.

If the guidance provided herein proves to be too conservative toi

; uphold the goal for development of standardized distribution system
designe for all potential sites, project management must -be-;

i consulted.
!
i
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SYSTEM 80+* DESIGN CERTIFICATION;
'

DISTRIBUTION SYSTEMS-DESIGW GUIDE
:
.

2.0 SCOPE
,

4

This design guide is to be used for the design of all System 80+
| distribution systems. This guide covers the design process-fron
j incorporation of system requirements to analyses confirming the
s adequacy of the design. This design guide addresses both safety-

related and non-safety related distribution systems.

This design guide provides recommended design and analysis methods
and processes reflecting industry practice and NRC approved
criteria at the time of System 80+ design certification. Other

~

proven design and analysis methods and criteria, as demonstrated by-;
; industry practice and NRC acceptance at the time of application,
| which also meet the purpose and intent of this guide are
j acceptable.
!

! Efforts have been made to assure that the guidance provided by this
i document is consistent with.the requirements provided in CESSAR-DC
*

for safety-related distributions systems. Should there be
] inconsistencies between this design guide and CESSAR-DC, therequirements of CESSAR-DC shall prevail.$

!
,
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i

i- 3.0 INTRQ UCTION
:

! This design guide covers the design process- from incorporating-
system requirements .to the analyses verifying the desigr- a'

'

! Licensing and safety issues (leak-before-break, -postulated pipe -

| breaks, etc.) are covered in-detail ~in this. design guide.

\
r Section 4.0 addresses the factors to be considered in incorporating
i system requirements such as safety class, seismic category, ,

| separation and constraints.
' '

!

t

i Section 5.0 addresses system interactions to be considered- in >

| meeting the system requirements. These interactions are' system-
! requirements, however, they must be provided by other' systems.or
: structures such as cross-connects to f other systems, structural
| separation _and electrical power' requirements. -

i
j Section 6.0 provides - guidelines and' : considerations. in routing

| distribution systems. These guidelines are intended to integrate
; the design process and meet-multiple requirements at once - (e.g . ,
i use building structure for spatial separation, flooding prevention,
; and fire protection) rather than meeting each requirement

individually. The goal of the integrated design process isi

optimization while meeting all. pertinent requirements.,

\
Section 7.0 describes the analyse's.to verify the system design and:

; routing. Pipe break considerations are covered in Section 7.1 for
! leak-before-break (LBB) and postulated. pipe ruptures.
! -

Interactions between systems and structures must be considered in
the integrated design process. Considerations such as safety,
maintainability, and constructability must be evaluated

i collectively rather than individually to obtain the. optimum design.
I .This document addresses these-interactiuns, and: incorporation of-
i the guidelines presented herein should minimize--conflicting design
j requirements.
:
'

To . distinguish between requirements that- must be met and
i recommendations,: the following conventions:are used throughout this

i document.- Th6 *erm "shall"= is- used to denote requirements that are .

i mandatory. The term-"should" is - used' to denote recommendations
{ that are not mandatory. ' The - term '"may" is used to denote
; conditions-that are permissible-but not required.
.

[ The references listed at the end of each. section are current-
; versions which were used in the development of this design. guide.-

The year or version of codes and- standards .that will.be used in_ the
final' design will be determined by the approved. versions in effect
at the time of the-specific-plant application. Thus, when. codes--
and standards.are referred to in the design guide: text, only the

[ name is specified, not the version,

i

!
<-
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4.0 SYSTEM DESIGN CONSIDE,a/JONS

4.1 GENERAL

4.1.1 SYSTEM REQUIREMEN*S

The detailed design of distribution systems requires careful
consideration of the system design requirements. The system
requirements are roccified in the Design Certification System
Requirements (DCSRs) developed for each system within the System
80+ design. The following system requirements are described in the
DCSRs and should be considered when designing distribution systems.

4.1.1.1 System Function

4.1.1.1.1 Functions
*

The system functions are fundamental in the system design. The
system functiot.s are qualitative in nature and only provide general
system requirements. Specific requirements relating to these.
system functions are covered in other sections. Where a system
function is providad in combination with other system (s) , the
contribution by aach system should be provided. See Sections
4.2.3.1, 4.3.1.1, and 4.4.1.1 for specific cystem functions.

4.1.1 1.2 Constraints

The integrated design process should result in minimized system '

constraints. Constraints on the system methods of meeting its
design requirements can influence the design of the distribution
system. Typical constraints include:

:

Divisional Separation Precluding Cross-connects*

! Electrical Power Limitations*

Building L6yout Limitations*

Temperature / Pressure Limitations*

Material Requirements*

See Sections 4.2.1.2 and 4.3.1.2 for specific system constraints.

4.1.1.2 Performance Recuirements

System or component -performance requirements define how the
component or system must perform, or what its capabilities must be
in order to perform its functional requirements. The fc11owing are
performance requirements which can affect the design of
distribution systems. An individual system or component can have

| fewer or more performance requirements which require consideration.
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4.1.1.2.1 Safety Classification

The safety classifications of systems and equipment, as established
by ANSI /ANS-51.1, " Nuclear Safety Criteria for the Design of
Stationary fressurized Water Reactor Plants", should be used as a
guide to the selection of codes, standards, and regulations for the

.

design nnd construction of systems and their components.

4.1.1.2.2 3eismic Classification
'

The seismic design classification system, as established in NRC
Regulatory Guide 1.29, " Seismic Design Classification", identifies
those plant features that should be designed to withstand the
effects of the Safe Shutdown Earthquake (SSE). Plant features not
requjred to withstand the SSE should be designed to appropriate
ststic loads or comply with applicable building codes regarding
seismic effects. Seismic classifications, including Seismic
Category II, are desi.ribed in CESSAR-DC, Faction 3.2.1. .

4.1.1.2.3 Redundancy / Diversity Requirements

A component or syetem can require that other syrtems or components
duplicate its essential function to the extent at either one may
perform the required function regardless of the state of operation
or failure of the other. The components or syctems may or may not
1;e physically identical . - System and- compwent diversity should be
specified where prevention of common mode failure is critical in g
overall plant core mrlt risk.

4.1.1.2.4 Capacity Requirements

System and component capwity requirements are key parameters that
affect system design. Capacities can include such parameters as
head and flow rate for a pump, load carrying capability for
supports, air flow or cooling capacity for HVAC, or current and
voltage regulation of a power supply.

4.1.1.2.5 Failure Considerations

The following failure considerations should be reviewed to
determine the impact they could have on the design of the
distribution system:

,

A. Performance under conditions of single or multiple (active
and passive) failures.

B. Separation, protection, and design of components and
piping to prevent multiple failures as a result of a
single event.

C. Design margins to accommec.' ate single failures.
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D. Reliability performance.

E. Provisions to mitigate the effects of failures in the
system on the remainder of the plant.j

,

4.1.1.2.6 Design Basis Events and Transient Considerations

System design basis events and design basis transients shall be
considered in the design. These design basis events and transients'

| should either be enveloped or considered individually.

l
| 4.1.1.3 Operational Recruirements
,

Operational requirements must be sufficiently defined to enable the
designer to provide a detailed design. Following are areas ini

which systems or components can have operational requirements. - An
individual system or component can have fewer _or more areas which
should be considered.

4.1.1.3.1 Power or Cooling Requirements
,

Tl.ere could be design requirements or limitations on available
electric, pneumatic, hydraulic, or other power supplies and air or
water cooling supplies. Considerations to ensure system
requirements are met by interacting systems are described ir
Section 5.0.

4.1.1.3.2 Environment

Requirements or limitations can be imposed on the system due to che
operating environment in which- it must perform its function.
Environmental considerations are described in CESSAR-DC, Saction
3.11.

r

4.1.1.3.3 Radiation

Requirements or limitations can be imposed on the system due to the
operating radiation environment, which could affect the performance
of the system (see Section 6.2.4).

4.1.1.3.4 ' Design Life

The System 80+. design operating life is '60 years. Provisions
should be provided to replace components which cannot be designed

L for a 60_ year operating life.

4.1.1.3.5 Operating Cycle

Requirements or limitations can be imposed on the system due 1.o the
operating cycle of the system or components.
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4.1.1.4 Instrumentation and control Renuirements
J

j System instrumentation and control requirements must be considered
i in the design ot the distribution system. Following are areas
j where systems er componer4ts can have instrumentation and control

requirements.
"

! 4.1.1.4.1 Power Sources
;

Power source requirements include normal onsite and/or offsi.e AC
,

; power, emergency power, and special requirements for separa te or
! diverse sourcea of power.

| 4.1.1.4.2 Controls
i

f Control requirements of the system can impact other parts of'the
; system or other systems. Instrumentation may be required to )

provide system control and monitoring capability. '

,

1 4.1.1.5 Insnection and Testino Recuirements

Requirements can be imposed on the system design to enable or4

j facilitate the performance of required tests and inspections during
fabrication, installation, and operation.'

4.1.1.6 System Interface Recuirements
.!

Interface requirements are design fynctions or requircments which'

. must be satisfied by the remainder of the plant design to ensure
'

proper, safe, and reliable operation of a system or component. The
distribution system design and operation can be influenced by the

! system interface requirements. Therefore,. the design of
; distribution systems should take into account the design functions

and requirements of interfacing systems. The following interface*

requirements categories should be considered:"

Power*;
'

Protection from Natural Phenomena*

Prott7 tion from Pipe Failure*

I Missilesa

; Separation*

'

Connectivity*

Independence*
3

Thermal Limitations*

Monitoringa

Operation and Controls*

Inspection and Testing*

i
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Chemistry and Sampling*

'

Material*

System and Component Arrangement* ,

Radiological Waste*

Overpressure Protection*

Related Service*

Environmental*

Construction*

Maintenance '*

'System interface considerations are described further in Section
5.0.

4.1.1.7 Physical Protection -

Systems and components important to safety require protection from
hazards resulting from postulated events toth internal and external
to the plant. Physical protection is an importanc consideration in
creating a detailed distribution system design. -ANSI /ANS-58.3,
"Phy11 cal Protection for Systems and Camponents Important to
Safety", shall be followed to establish physical protection
criteria for systems and components important to safety in the
plant. The following highlights from ANSI /ANS-58.3 are included
here to aid the designer in identifying hazards and' protection
methods which could be relevant to the system being designed.
Refer to ANSI /ANS-58.3 for additional informati.on.
4.1.1.7.1 Identification of Hazards

The following are some of the hazards, resulting from postulated
events, which should be considered in designing distribution
systems:

* ~ Missiles

Pressure, Pressure Differential*

Temperature j
*

Pipe Whip !*

Fluid Jet*

Fire*

Radiation*

Steam or Humidity*

Chemical Attack*

Flooding*
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Debris Blockage*

4.1.1.7.2 Protection Methods

The following protection methods should be used to provide
protection from hazards:

Distance*

Orientation*

; Barriers*

Enclosures*

Restraints*
,

]
Hardening*

i 4.1.1.8 Maintenance Provisions
i

Requirements c a'.1 be imposed on the system design to enable or
facilitate _ system / component maintenance. Provisions for<

j maintenance include features to reduce perronnel radiation exposure
when performing main?.enance, oesign features or components required

4

.aa ntenance activities (ventc, drains, bypass / isolationii for

{ provisions, equipment removal provisions), and accessibility. ,

i
!

| 4.2 PTPTNG

4.2.1 SYSTEM REQUIREMENTS

4.2.1.1 System Functions.

| The function of the p4ning system drives the design. Specific
; requirements relating .o system functions can impact the piping
: system design. The following. are typical system functions
I associated with piping systems that should be addressed:

| Cooling*

i Heating=

Purification ,; *

'

Monitoring*

Lubrication*

| Storage*
,

Pneumatic Supply*

i Makeup*

Recirculation*

|
.

"
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!

i

) 4.2.1.2 Constraints J

:

I Constraints on the ability of the system to meet its design
requirements can influence the design of the system piping. The
following constraints are commonly imposed on piping system designs ;

;

; and should be considered:
!

| Friction Loss (L/D limits)*

f Net Positive Suction Head (NPSM)*

iMaximum Velocity Based on Noise and Friction Loss*
i

Erosion / Corrosion Pipe Wall Thinning' *

ALARA*

Water / Steam Hammes! Rapid Valve Actuation*

Piping Layout Restrictions*

4.2.1.3 Performance Reauirements

In addition to the general guidelines of Section 4.1.1.2, the
fc11owing performance requirements are related to piping systems.

4.2.1.3.1 Capacity /Flowrate

The primary performance requirement is usually system or component
capacity. This capacity can be in the form of flowrate, cooling
capacity or pressure. The capacity should either envelope.all
expected operating conditions or address each operating condition
independently. The piping system design must provide the required
capacity or flowrate.

j

I 4.2.1.3.2 Design Pressure and Temperature

The maximum operating pressure and temperature will be determined
(~ by system requirements and component characteristics. The design

pressure and temperature are required to determine pipe dallI

th ckness, thermal expansion chbracteriatics and overpressure
i

provisions.

4.2.1.3.3 Overpressure Protection
,

|

Adequate overpressure protection is require'd to prevent exceeding
the design pressure and possible failure - of the piping system or
individual components. . Overpressure. protection shall be provided
per the applicable design code, as follows:

A. ASME Boiler and Pressure Vessel (B&PV) Code, Section III
for Class 1, 2, and 3 piping.

B. ASME B31.1, Power Piping for non-safety related piping.

t
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C. ASME B&PV Code, Section VIII for pressure vessels.

4.2.1.3.4 Water Chemistry

Water chemistry requirements and constraints (i.e., pH, oxygen
level, or chloride content) may be specified along with the
allowable limits. Water chemistry requirements should be used as
input for material selection, monitoring requirements, and enemical
addition provisions.

!

4.2.1.3.5 Erosion / Corrosion Pipe Wall Thinning |
\

Currently operating nuclear power plants have experienced pipe wall i

thinning in carbon steel piping and components, resulting in i

unplanned piping replacements and plant shutdowns. This I

degradation is best prevented in the design stage by identify'ing j
susceptible systems / components, and using appropriate preventative
methods. Design methods to preclude erosion / corrosion pipe wall
thint.ing are described below and in Section 6.2.8.

'

4.2.1.3.5.1 Erosion / Corrosion Sasceptibility

Systems susceptible to erosion / corrosion pipe wall thinning are
those with wet stecm, flashing liquids, or liquid flow-with high
localized velocities. These factors should be. considered along ,

with water enemistry and usage time to determine susceptibility and
appropriate preventative methods.

4.2.1.3.5.2 Erosion / Corrosion Minimization'

For systems susceptible to erosion / corrosion, the following methods
may be used to minimize degradation:

A. Proper material selection is essential for the prevention
of excessive pipe wall thinning and is the nost practical,

method in the design stage. Higher grade alloys involve
more capital cost but lower inspection and piping
replacement costs over the life of the plant. Low alloy
steel is significantly more resistant to wall thinning
than carbon steel, however the post-weld heat treatment
must be considered. Stainless steel is essentially immune
to erosion / corrosion and should be used in the most

'

susceptible areas.

B. Additional wall thickness may be sper:ified to accommodate
a limited amount of wall thinning Nithout-violating' code
requirements. This method will usually result in
increased inspection requirements ovar the life of the
plant to ensure adequate wall thickness. These costs
should be compared to material upgrade costs to determine
the optimum design.
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i !

!

: C. The bulk fluid velocity should be limited to prevent
excessive erosion of the pipe wall. The following'

j velocity limits should be used for carbon steel piping:
<

i
1TABLE 4.2-1

1 Recemnonded Bulk Valocity Limits
,

!
i

Service Velocity
3

j

i Steam Piping 150 ft/sec
1

Water (Temperature < 300'F) 10 ft/sec

Water (Temperature > 300'F) 10 - 20 ft/sec

] Recirculatiot. Lines (Infrequent Use) 20 - 25 ft/sec.
'

:

!
'

I D. Pipe routing guide) nes to lower pipe wall thinning '

d susceptibility are 0.scussed in Section 6.2.8.1.
!

4.2.1.4 Ooerational Recu i ren:ent s
,

'

i operational requirements and limitations of the system wi11
influence the piping design. Typical operational requirements arn;

! described in Section 4.1.1.3.
!

: 4.2.1.5 Instrumentation And Control Recuirements
!

Requirements related to instrumentation and cuntrols can impact the
'

: design of the piping system. Refer to Section 4.1.1.4 for the
i discussion of instrumentation and controls.

I 4.2.1.6 Insnection and Testina Recuirements

Piping system features can be required solely to accommodate4

inspection and testing requirements during fabrication,
installation, and operation. Inspection and testing requirements
are contained in the applicable piping code: ASME B&PV Code for
Class 1, 2, and 3 piping; and ASHI B31.1 for non-snfety related

i piping.

4.2.1.6.1 Examination Requirements
~

The piping system designer should be cognizant of the examinations
to be performed on the. system piping and be familiar with the
activities associated with the examinations.in order to include any

,

necessary features in -the piping design to facilitate the

DRAFT 4-9 July 25, 1992

, . . - _ . . . ._



- - - -. - . _-. _ _ _ -. = - .- - _ =- _ . - - - . .- -,

i SYSTEM 80+" DESIGN CERTII'ICATION |
- DISTRIBUTION SYSTEMS DESIGN GUIDE !

3

i
;

| examinations. The following are examinations commonly conducted on

!. piping systems:

Preoperational (NDE)*
;

; Inservice Inspection (ISI) per ASME Section XI*

Visual Inspection of Raw Water Piping'

Pipe Wall Thinning Inspections |i *

|) 4.2.1.6.2 Testing Requirements
3

Certain testing requirements can necessitate special piping design:
i features to facilitate testing activities. The piping system

designer should know what tests are applicable to the system and4

| have an understanding of how the tests are performed. Familiarity ,

j with the required testing will aid the designer in creating a
piping system which is conducive to testing. The following are'

' common test requirements associated with piping systems:

Preoperational (Hydrostatic, operability, pre-critical*

vibration monitoring),

| Pump and Valve Inservice Testing (IST) per ASME Section XI*

| Leak Tests*

| Full-Flow Pump Testing for ASME Class 1, 2, and 3 Pumps*

! 4.2.1.6.3 Accessibility Provisions
4

| Tesdng and inspection activities associated with piping systems
i require considerations for personnel and equipment access. Section
i 6.2.6 contains specific guidelines for providing access for
j inspection and testing activities.
;

j 4.2.1.6.4 Testing Provisions
,

| Piping system designs should include provisions for -system and
; component testing. The piping system designer should be familiar
1 with testing applicable to the system and its components- so that

design features required to perform the tests will be included in,

the piping design. Section 6.2.7 contains design features to be
,

considered when lacorporating testing provisions.in piping system'

_ designs.'

4.2.1.7 System Interaction Recuirements
;

Interacting system requirements should be considered when designing
piping systems. The interaction requirements categories outlined

; in Section 4.1.1.6 should be reviewed to assist in determining what
design features must be incorporated to accommodate interacting
systems or components. Section 5.2 contains additional information

'
pertaining to piping interaction considerations.
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;

4.2.1.8 Phvcical Protoction)

.
Piping ' systems can require hazard protection measures. If hazard

: protection is required, the guidelines of Section 4.1.1.7 should be
| used to assist in determining the type of hazard (s) which can
{ influence the system and the general methods of protection.
i
i 4.2.1.9 Maintenance Provisions
s
i

! Maintenance activities will be required over the life of the plant.
| The following design features may be required to accommodate
j maintenance activities.
i

4.2.1.9.1 Bypass / Isolation Provisions*

The ability to bypass or isolate system components and interfecing
| systems should be provided within the piping system to allow
; maintenance to be performed.

; 4.2.1.9.2 Accessibility *

| Accessibility for ma.tntenance activities should be provided.
1

; 4.2.1.9.3 Equipment Removal ?rovisions

i Equipment removal provisions should be provided. This includes
; lifting provisions, remo'ral paths, and flanged equipment
| connections.
5

4.2.1.9.4 Vent and Dre.in Connections
!
' The piping system design should incorporate vent and drain

connections for performing maintenance on the piping system and its
ccmpcnents. Personnel access should be also be considered for

; these connections.

4.2.1.9.5 Removable Insulation-

The piping system design should incorporate insulation removal
where required to perform maintenance, inspections, or testing.

; These locations should be provided with remevable insulation to
~

expedite maintenance activities, reduce. personnel radiation j
exposure, -and reduce costs associated with insular. ion replacement. ;

,

4.2.1.9.6 ALARA

; Design features should be provided in pipily system designs to
reduce personnel exposure associated with maintenance activities.

,

Section 6.2.4 contains specific ALARA guidelines - for reducing4

i personnel radiation exposure during maintenance.
' ;

I

1

|
*

h I
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5.0 DISTRIBUTION SYSTEMS INTERACTION CONSIDERATIONS

5.1 GENERAL

The integrated design process requires consideration of
interactions between systems and structures. This precess ensures
that:

A. System requirements are not met at the expense of other
system and structare designs.

B. System effects are accounted for in other systems and
structures.

C. Multiple design requirements are provided with a single
feature.

D. Optimization is achieved in the design process.

5.1.1 RELATIVE ELEVATIONS

Generally, HVAC ductwork and cable trays should be located above
piping to protect them from spray and impinge. ment damage due to
leaks and pipe ruptures.

5.1.2 STRUCTURAL INTERACTIONS;

Buildings and structures should be used to the extent practical to
meet system requirements such as fire protection, flood protection,
jet impingement protection, missile protection, sepa.ation of
redundant trains, and structural support.

5.1.2.1 Connectivity

In placing system equipment, other system connections and
,

interactions must be considered. Equipment should be located to
minimize the amount of connecting piping /ductwock/ cable while still
meeting other system requirements such as elevation relationships.
The equipment locationc and connecting piping /ductwork/ cable should
also provide the segregation features discussed in Section 5.1.3.

5.1.2.2 Hazard Protection

5.1.2.2.1 Flood Protection

Structural components should be utilized to the extent possible to
provide flood protection. Wa]ls and curbs should be used wherever
possible instead of flood doors which hamper maintenance. The
divisional wall at the lowest elevation in the Nuclear Annex (50+0
elevation) contains no doorways or passages. Divisional wall
penetrations are minimized and sealed to ensure flocaing . in one
division does not affect the other division.

'
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5.1.2.2.2 Fire Protection

Similar to flood protection, structural components (walls, floors,
ceilings, columns) should be utilized to provide spatial separation
and fire barriers . See Sectio. F.2.7 for further discussion of
fire protection inter ctions.

5.1.2.2.3 Missile Protection

Structural components should be utilized wherever possible to
provide protection from other hazards such as missiles, pipe whip
and jet impingement.

5.1.2.3 Livisional/Ouadrant Seoaratics
Structural walls should be utilized fer divisional separation, hnd
in some cases, quadrant separation. This separation prevents pipe
ruptures or other f ailures in ene divisior./ quadrant from affecting
redundant equipment in another division or quadrant.

5.1.2.4 Proximity To succort Structures

Proximity to support structures (walls, columns, ceilings, floors)
should be consicered when routing piping /ductwork/ cable tray or
locating equipment. See Section 6.1.6 for routing methods to
achieve this.

5.1.3 SEGREGATION

Equipment and pipina/ductwork/ cable should be segregated in some
applications to minio. e adverse interactions.

5.1.3.1 Seismic /non-seismic

'
Seismic and non-seismic distri.'ution system. are normally
segregated to the maximum extent possible. This segregation
minimizes the interaction ef#ects that must bc considered for.the
seismic systems and minimizes the amount of non-seismic systems
requiring more rigorous analysis. See Sections 6.1.5.1 and 6.2.3.5
for #urther routing guidelines and interaction effects of non-
seismic piping with safety-related piping /ductwork/ cable trays,
along with electrical and mechanical equipment.

5.1.3.2 Radiation

Radioactive piping /ductwork and components should be segregated
from non-radioactive components to minimize personnel radiation
exposure and the potential for contamination spread. Similarly,
different ruiation levels should be segregated where practical.

_
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Curbs may also be used for flooding protection, either to protect
equipment from flooding, or to contain the liquid from equipment
leakage or failure.

5.2.1.5 Raised Base Plattes

Raisec equipment base plates may be used to protect equipment from
flooding by raising the equipment above the flood level. Raised
base plates are not necessarily used in conjunction with curbing,
however, if curbing is also used, the interaction of the curbing
should also bt considered.

5.2.1.6 Elevation Relationshins
5.2.1.6.1 Net Positive Suction Head

Pump net positive suction head (NPSH) requirements should be
accounted for in the placement of equipment by providing the
necessary elevation relationsnips. The friction less in the pump
suction piping should also be considered sinct the pressure drop
increases the required elevation difference. See Section 6.2.12
for pump suction pipe routing guidelines.

5.2.1.6.2 Drains and Sumps

Proper elevation relationships should be considered when locating
and designing gravity drains and sumps. Floor sumps must be
designed to avoid excessive weakening of the floor where they are
placed. Physical protection of the sump pumps and discharge piping
may be required based en the safety function of the sump pumps.

5.2.1.6.3 Tank overflow Provisions

Tank overflow provisions.should be provided for tanks to prevent
failure due to overfilling. These provisions may include cur and
drains depending on the contents and discharge locations as
discussed above.

<

".,.2.1.7 Electrical Power Provisions

Proximity to power supplies and controllers should be considered
'

when locating equipment which is a - large electrical load (e.g.,
pumos). y

5.2.2 PIPE SLEEVES
,

Proper pipe sleeve design is vital due to their interaction with
buildings and structures. They also should be integrated with the '

hazard protection provisions anc ALARA. .

..

t

l.

L
;

L
.
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| 5.1.3.3 Hich Enerav Lines
;

{ The eftects of high energy line breaks shc 21d be minimized by
seg,egation of areas containing these lines, tnus minimizing,

j mitlgation features required. Existing structural members should
i be used to the maximum extent practical to protect against the
| effects of postulated high energy line breaka that are not

eliminated by t'M leak-before-break (LBB) methodology (see Sections
.

7.1. 8 and 7.1. 9) .
:

5.2 PIPING
:

5.2.1 EQUIPMENT LOCATIONS

! 5.2.1.1 becessibility
1

| Equipment must be placed so as to perform its required-function, I
; while having the proper elevation relationships and orientation.

', Accessibility for maint.enance should be provided based on equ.ipment
vendor recommendations.

| 5.2.1.2 Labyrinths

! Labri..tnth walls should be provided for radioactive components to
i prevent excessive personnel exposure at uoorways or passageways,

Removable wall sections may be required in these labyrinth walls to'

allow equipment removability (see Section 5.2.1.3) . Labyrinths may
also be utilized to provide missile protection.

; 5.2.1.3 Ecuimgp_t Removal Provisions

Equipment pull space should be previded to allow maintenance or
i replacement of components over the 60-year design life. Other

provisions for equipment removal include:

f Lifting Provisions*

i Removal Path-

Removable Wall Sections: *

'

Flanged Equipment Connections*

5.2.1.4 Curbs

Curbs should be used for containment of' liquids around equipment.
Curbs should also be placed around storage tanks with hazardous
materials or radioactive liquids.to prevent the spread ~of these
materials in the event of a leak or rupture. The height of the-
curb will depend on the liquid volume that must be contained ~and
the area inside the curb. Sloped ramps provide easier access
inside the curbs for tank replenishment rnd maintenance.
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5.2.2.1 Locations

5.2.2.1.1 General

A. When locating multiple sleeves in a wall, the center lines
of the sleeves should line up, such that concrete rebar
interruptions are minimized (see Figura 5.2.2-1).

B. For placement of sleeves in corners, see Section
6.2.3.1.2.C and Figuro 6.2.3-4.

C. Spare sleeves should be provi .d without weakening the
structure. That is, Items e and B above should be
followed. Spares should be lined up with sleeves located
for specific pipes.

D. Sleeves should be located to accommodate only one pipe
each.

E. 'For information regarding sleeve locations for radiation
shielding considerations, see Section 6.2.4.3.

F. Sleeves should be located to allow adequate space so that
fittings need not be located within or close to a sleeve.
See Section 6.1.3.2.B.

G. In determining sleeve locations and piping locations,
consideration must ce given to accessibility and
maintenance access aisles.'

H. Sleeves and piping should be designed to minimize the
possibility of having a fitting in a sleeve (see Section a

6.1.3.2.B).

I. Sleeves and piping should be located to provide some
flexibility and adjustment to account for thermal growth
and construction tolerances. See Section 6.2.5.3.1.1 and

i Section 6.2.5.3.1.2.
?

| 5.2.2.1.2 Core Drill
*

5

$ Since core drills are costl and car weaken the structure, efforts
should be made to find feasible alternatives to drilling such as
u.,ing an existing spare sleeve or routing pipe to an available
sleeve in a nearby area. If no alternatives are practical and a
core drill is necessary, the above general requirements are
applicable along with the following special considerations:

A. The core drill area should be free of embedded obstacles
such as piping, electrical conduit, and steel plates.

DRAFi 5-5 July 25, 1992
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FIGURE 5.2.2-1
,
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+

| B. A 3-inch minimum clearance should be provided at the core

| drill location to provide for drilling machine access.
|

j 5.2.2.2 Sleeve conficurations
4

: A. If a sleeve passes through 4 wall that is a fire wall or

! necessary for flood protection, a projection should be
! lef t to .11ow a boot to be attached. A minimum projection

of 2 inches is recommended (see Figure 5.2.2-2 and Section ,

5.2.7.5.1),

i

: B. If a sleeve passes through a wall that is not a fire wall
; or other barrier necessary for flood protection, it should

i be constructed flush with the wall.
:

. beI C. Special sleeve configurations such as ovals should
avoided where possible because of additional fabrication

,

| requirements. Generally, it is better to use a larger
sleeve than to use a special configuration, except where

,

; OSHA safety requirements restrict the sleeve size (i.e.,

floor penetrations;.- See Figurc 5.2.2-3.
I

D. If a sleeve passes through a floor, a projection should be
left as specified in Section 5.2.2.2.A above.

5.2.2.3 Ipseection Accessibility

Fittings and other components requiring inspection should be
minimized within sleeves. However, if components require

j inspections within sleeves, provisions should be provided for these
inspections (see Section 6.2. 6. 8.2) .

5.2.2.4 Sizine
t

| -Sizing of sleeves requires cons!deration of thermal growth,
I insulation and tolerances. Generally a 1" minimum cicar space

between the outer surface of the pipiag (including insulation) and
the inside of the sleeve is recommended.

i

5.2.2.4.1 Insulation

When the outer diameter of the insulation has-been determined, a
sleeve should be chosen.which allows a minimum 1 of 1" clearance
between the outside of the= insulation and the inside of the pipe
sleeve.

When insulation is either not required or the thickness is not
known, the following method may be used:

| A. Low Temperature Piping (Design temperature less than or
| equal to 200'F) - Increase the sleeve size-by two nominal
| pipe sizes.
!

|
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FIGURE 5.2.2-2
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:

FIGURE 5.2.2-3
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i
! B. High Temperature Piping (Design temperature greater than
} 200'F) --Inc ase the sleeve size by three nominal pipe
j sizes.
i

j Examples:

1. 2" pipe, design temperature = 150'F = 6" sleeve
required

i 2. 2" pipe, design temperature = 300*F c 8" sleeve
required

; 5.2.2.4.2 Tolerances
4

i There are several .alerances which app)y when specifying sleeves or
| designing pip th*:ough sleeves and these tolerances can accumulate
i such that erected piping cannot go through its intended sleeve
; properly.
;

j This can be avoided by specifying sleeves which-are sufficiently
i larger than the intended pipe.
;

2 In special cases, strict erection tolerances may be imposed upon
construction. Tolerances less than those specified on plant,

i tolerance drawings should only be used as a last resort to assure
| critical piping can be installed properly.
.

5.2.2.4.3 Excessively Large Sleeves
;

: At times, the sizing method above can result in excessively large
! sleeves. In some cases it may be better to reduce insulation in
i sleeves (e.g. , ant! -sveat, cooling water insulation). A trade-off
; is necessary because of possible compromises in structural strength
j or number of sleeves. For example, when sleeves are 'large their

number should be kept to a minimum, and when sleeves are small'

their number may be larger.
!

Walls can support their intended structural loads with a limited.'

| area allotted for sleeves. If the sleeve information is known
j prior to structural design, walls can be designed to allow for many
! large sleeves. Cost for the structure, however,.will increase as
: the number and size of the sleeves increase.
'

! 5.2.2.5 Specifications

*

Only standard pipe sizes should be specified 'or sleeves, since
sleeves are made from pipe,;

i 5.2.3 FLOODING PROTECTION
l
; Flooding protection should be provided to prevent postulated
j flooding sources from preventing required safety functions. For

|
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general flood protection guidelines, see Section 5.1.2.2.1.
Potential flooding sources include:

Tanks*

Fire Protection Piping*

Moderate Energy Piping*

Note that potential water spray damage from pipe ruptures in high
energy lines should be enveloped by jet impingement interactions.

5.2.3.1 Areas of Interaction

The following guidelines should be used to evaluate the possibility
of nuclear safety-related components being sprayed by water.

5.2.3.1.1 Moderate Energy Pipe Ruptures

Water spray can result from (postulated) pipe ruptures in moderate
energy piping. Water spray (a direct consequence of the fluid
emitting from a pipe rupture) should be considered only as the
physical wetting of a component without pressure effects. Water
spray should be assumed to occur as a constant area jet (i.e., no
jet expansion assumed) .

5.2.3.1.2 Inadvertent Actuation of Fire Protection System

Inadvertent actuation of the fire protection system in any given
area has the pot ential for causing water spray interactione and
should be considered.

5.2.3.1.3 Inadvertent Actuation of Containment Spray
.

Inadvertent actuation of containment spray in containment has the
potential for causing water - spray interactions and should be
considered.

5.2.3.2 Evaluation of Water Sorav Effects

A review of water spray effects-is required to determine if there
are any nuclear safety-related components (i.e., equipment, .

instrumentation, electrical equipment) within the general routing
area which might be damaged by the water spray.

5.2.3.2.1 Damage Assessment

5.2.3.2.1.1 Equipment
,

Safety-related electrical- componencs such as pump motors, motor
control centers, and switchgear should be assumed . incapable of
performing their required safety function upon being sprayed by
water.
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5.2.3.2.1.2 Instrumentation

Water spray should not preclude the ability of instrumentation to
initiate and complete any required safety function. A loss of
redundancy is permissible only if, after assuming a single active
failure of any component, the safety function of the
instrumentation can still be completed.

5.2.3.2.1.3 Valves

Nuclear safety-related valves with electrical operators should be
assumed to be incapable of performing their intended function upon
being sprayed by water unless the valve operators are qualified for
water spray. Specific valve operator qualifications should be
checked for water spray qualifications.

,

5.2.3.3 Flooding Prevention / Protection

Structural components should be used to the maximum extent possible
for flooding protection. Following are typical methods of flooding
prevention / protection:

Division / Quadrant Separationa>

Pipe Routings *

Equipment Locations*

Sump Pump Redundancya

Sump Hi-Level Alarms*

3.2.3.4 sf.her Floodina Prevention / Protection Methoda
s

If adverse interactions cannot be resolved by rerouting the pipe or
relocating the equipment as discussed above, one of the following
methods should be used to show protection.

5.2.3.4.1 Component Qualification

Safety-related components which are designed such that they are not
affected by water spray need not be further protected from water 3

spray.

5.2.3.4.2 Spray Shields

Spray shields may be used for situations where pipe rerouting or
relocation of safety-related equipment.is not possible.

5.2.3.5 Floor Drains

Floor drains should be adequately sized to drain spray from fire
protection nozzles to prevent area flooding.

:
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5.2.3.6 Floodine Tsolation

Structural members should be used to the maximum extent ; ssible
for flooding isolation. Other methods include:

Flood Doors*

Curbs*

Sump Pumps*

5.2.4 EMBEDDED PIPING

The location of the interface point between embedded and exposed
portions of piping should allow for easy fit up to the macching
exposed piping. Generally, a minimum of 6" is needed (See Figure
5.2.4-1).

5.2.4.1 Picina/ Concrete Interaction

Interaction of embedded piping and the concrete should be
considered based on ACI 318, " Building Code Requirements for
Reirforced Concrete". Parameters to consider include:.

Temperature*

Thermal Expansion*

Pressure*

Material*

Seismic Interaction*

5.2.4.2 _ Embedded Drains

The following'are suggested practices for the design of embedded
drains:

A. Minimize the length of the run for drains.

B. Minimize the number of fittings used in-routing drains.
i

C. Avoid low points and dead legs.

D. Butt welds should be used in lieu of socket welds. -

:

E. Eccentric reducers with the flat side on the bottom are.
more desirable fittings than concentric reducers. If
there is a possibility of choked-flow, and crud build-up
is 'inlikely, eccentric reducers with a flat side on top
are acceptable.

F.- Cloan-outs should be placed every - twenty - feet, where
possible.
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FIGURF 5.2.4-1 .
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G. Pipe shculd be 11oped 1/8" per foot in the direc .on of
flow, where possible.

H. Straight-in approach and abrupt changes of direction
should be avoided (see Figuros 5.2.4-2 and 5.2.4-3).

This design approach will minimize potential hot spots and crud
traps from forming in the orain lines in potentially radioactive
piping.

5.2.5 BURIED PIPING

5.2.5.1 Free z e_P; rot ect ion

Piping and equipment located in potential freeze zones should be
considered for insulation and possibly heat tracing.

The effects of freezing temperatures on pipe, equipment, and
instruments should be considered during the--design phase. There
are several methods which may be utilized to prevent freezing.
Recommended methods of freeze protection are listed below:

A. Reroute to an Interior Area

B. Heat Tracing

C. Insulation

D. Localized Heating

From a piping design standpoint, method A or C is preferable. It
method B is to be used, the electrical impact must be considered.
If method D is to be used, the HVAC impact should be considered.

5.2.5.2 Inscection and Access Recuirements_

Access for required inspections should be providei, usually by
accessible pipe trenches or pits. Trenches should also be
considered to provide access for piping which could require
replacement over the life of che plant.

5.2.5.3 Physical Protection

Physical protection should be provided for buried piping. Usually
freeze pr_otection also provides physical protection, either by an
enclosed pipe trench or burial below the freeze line.
Administrative requirements should be .aplemented to prevent damage
due to excavation.

m
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FIGURE 5.2.4-2

Floor Drain Conficuration
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! FIGURE 5.2.4-3
1

! Eauinment Drain Confiouration
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4

j Saddle-in or Saddle-on preferred and less
; expensive than half coupling.

:

i

; 5.2.5.4 Seismic Interaction with Structures

; Seismic interaction of buried piping and structures is described in

|
CESSAR-DC, Section 3.7.3.l?..l.

I 5.2.6 EXPOSED PIPING

j 5.2.6.1 Freeze Protection

Exposed piping, especially instrament lines are susceptible to
! freezing damage and should be avoided, especially in cold climates.
| If exposure is not avoidable, the freeze protection- met. hods

! discussed in Section 5.2.5.1 should be considered depending on the
fluid medium and winter climate conditions.

5.2.6.2 Physical Protection

Exposed piping is also susceptible to physical damage and should be
avoided where possible. Where not avoidable, appropriate

.

protection should be provided. Protection from postulated hazards
must be shown by analysis for safety-related piping.
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l

5.2.7 FIRE PROTECTION !.

i |
; Fire prctection is required throughout the plant, but adds special

interactions that should be c1nsidered for all pip)ng systems.;

5.2.7.1 Plant Layout
:

- Plant layouts should be arranged to isolate safety-related
equipment from unacceptable fire hazards and separate redundant

,

: safety-relataa systems from each other so that both are not subject ,

i to damage from a single fire hattr'.

| 5.2.7.2 Eire Protection Sorink.ey Svstem
,

The location of process piping in plant areas servec by sprinklers
,

Ild allow free dispersion of the sprinkler liquid. Routiing
-ing close to sprinkler heads should be avoided,*

! .J Ff.rs Protection Valves,

! .

he protection valves shculd be located away from t.he areas they
j -vice. The nature of these valves require quick and _asy
! .;essibility at all times. Therefore, process piping routed in

t:.ese areas should facilitate accessibility.,

!

i 5.2.7.4 Hose Reni Cabinets _
!

! Hose reel binets should be easily accessible. Al1 proces ng
should be n;uted to accommodate this.'

:

| 5.?.7.5 D re seals
>

i- Fire als r-e used to seat penetratior.. through fire walls. Two

| appropt 1 . hods for sealing wall sleeves are described b. low:v

f 5.2.7.5.1 Boot Seal !

'

: A boot so l is an approved fire barrier. The ceal is n.ade frcm a
flexible fire resistant material and looks somewhat like a
concentric reducer.

f The use of a boot seal normally requires. that . ;.he wall sleeve
| project approximately 2 inches from the wall, thus allowing one end

of the seal to be clatped to the sleeve and the other end to be
4

: clamped to the pipe passing through the sleeve. Note that there
are methods of applying a boot seal to sleeves which are ' flush with
the wall.

F

A boot seal should be specified_for use in situations where -- the
; pipirg passing varough the sleeve is subject to thermal movements

which cannot be tolerated by fire seal foam (see Swetion
i 5.2.7.S.2).
i
i
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5.2.7.5.2 Fire Saal Foam

Fire seal foam is an approved fire barrier which is used to seal
fire wall penetrations. Fire seal foam is applied in a liquid
state and then cures to a foam-like material.
Fire seal foam is an effective fire seal, however, its application
is governed by the geometry of the piping in the sleeve and the
thermal movement of the piping. The geometry restrictions are
addressed in Section S.2.7.8.1.A, B, and C while the thermal
movement restrictions are addressed in Section 5.2.7.8.2.

5.2.7.6 Drains

Floor drains, sized to remove expected fire fighting liquids plus
liquids from other sources (e.g., tanks), should be provided~ in
those areas where water suppression systems are installed. Drains J

should also be provided in other areas where hand hose lines could
be used if such fire fighting water could cause una- eptable damage
to equipment.

5.2.7.7 Flusnina and Testina Provisions

Provisions should be provided for flushing and testing of fire
protection piping.

5.2.7.8 Fire Barrier Penetrations

All piping penetrations in fire barrier walls should be sealed
'

appropriately.

5.2.7.8.1 Design Considerations v

Fire barrier penetration design considerations are as follows:

A. Multiple pipes and cables through the same sleeve should
be avoided.

B. The annular space should be no more thar. 4" if fire seal
foam is to be used.

C. The maximum normal sleevn size should be 14" Sleev7s
larger than 14" should praject from the wall at least 2"
to allow boot seal instal;.ation.

D. Pipes penetrating a steel a tud drywall should have a space
envelope of at least 2" arcund the O.D. of the pipe and 8"
from the wall. This allows fce boot installation and
should be checked for interferences (e.g., hangers).
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'

E. Fire wall penetrations by non-metallic piping (e.g., PVC).

should be changed to steel pipe for a distance of at least
i 5 feet. on either side of the wall.

I 5.2.7.8.2 Piping Penetrations Subject To Movement
:

; Foam fire wall sealant can absorb 4" of movement per 2" of foam
; radial thickness. Thickness is measured from the pipe CD to the

sleeve ID. Movements greater than that allowed for foam require a
3

boot seal or anotner acceptable fire seal.
,

! 5.2.7.9 Other Fire Protection Interaction Considerations

i 5.2.7.9.1 Fire Hazard Prevention -

! .

! Provision should be made to preclude fire hazards for pip'ing
carrying petroleum-based or other potent. 'l flammable materials.

5.2.7.3.2 Cxplosion Prevention.

| Prvrision should be made to preclude explosion hazards for piping
: carrying combustible gases such as hydrogen.
.

i 5.2.7.9.3 Personnel Protection From Exposure to Incapacitating
Gases

i

| Incapacitating gas protection, such as chlorine gas ' protection for
! the Control Room, should be provided for where warranted.

| 5.2.8 PIPING INTERACTION WITH ELECTRICAL EQUIPMENT / CABLE-

5.2.6.1 Electrical Ecuiement Interaction

5.2.8.1.1 Piping Guidelines

! Piping should be decigned and routed so as to not adversely impact-
electrical equipmen'; operation or cable- opersoility. Piping'

i guidelines include the following:
i

i A. Piping snould not be routed above electrical equipment te
avoid water and/or collision damage in the event -of a pipe,

rupture..

2
'

B. Piping should not interfere with electrical cabinet door
swing space or enter in the cabinet maintenance access;
area.

C. Piping should not be routed close to electrical- eq;ipment.
A typical minimum distance of'30" to the side and below

: electrical equipment should be-maintained.

?
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! 5.2.8.1.2 Guideline Compromises

Wherever possible, the guidelines listed in Section 5.2.8.1.1-

should be applied. The following compromises may be made, though,
for situations where these guidelines are impractical:'

A. Moderate energy or seismically designed high energy piping
may be routed above non-safety related electrical

,

equipment if only straight pipe is involved (i.e., no in-

line components such as valves or instruments) and anti-
sweat insulation is installed.

B. A minimum clearance of 30" below or to the side of
electrical equipment is desired but may be compromised,
taking into account the characteristics of the pipe such

: as:
;

1. Type of fluid in pipe.

2. Temperature of fluid in pipe.
.

3. Seismic /non-seismic design of pipe anu/or electrical'

i equipment.

4. Whether or not the electrical equipment is safety-

| related.
i

5. Other pipe or electrical equipment characteristics
which influence accident damage possibility.

5.2.8.2 Cable Trav interaction

Where a single pipe crosses perpendicular to a cable tray, a
;

minimum vertical c earance of 6 inches should always be maintained
between the piping and the cable tray. Wherever possible, use the'

spacing requirements of Table 6.2,6-1.'

,

5.2.8.3 Other Pinine Interaction Considerations

A. Piping should not be located in, above, or below
electrical shafts.

4

B. High energy piping should not be routed in the Control
Complex, Electrical Penetration Rooms, Vital
Instrumentation and Electrical Rooms, or Remote Shutdottn
Panel Rooms to xeep potential adverse. interactions to a
minimum. See Section 7.1.8.1.1 for a description of high
energy piping.

C. Moderate energy piping should not be routed in the Control
Room to prevent potential flooding interactions.'
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5.2.8.4 Senaration of Electrical components

Piping of one train connecting to electrical equipment for control
purposes should be routed so as to comply with the electrical
separation of redundant components requirement. Redundant circuits
should be separated three feet horizontally and five feet
vartically in the General Plant Area and one foot horizontally and
three feet vertically for the Ccntrol Complex Area.

Electrical requirements dictate that there should be a minimum
separation distance between redundant Class lE and Non-Class lE j
circuits and equipment. This separation distance must be free of
interposing structures, equipment, or materials which could aid in
the propagation of fire or could disable Class 1E circuits. Thepiping layout should not interfere with the separation distance.
5.2.8.5 Fiber Ootic Cable Interaction

Radiation effects should be considered in potential fiber optic j
cable applications. Where the radiation levels preclude the use of
fiber optic cable, coaxial cable should be used.

/5.2.9 PIPING INTERACTION WITH HVAC EQUIPMENT /DUCTWORK

5.2.9.1 General

3eneral HVAC ductwork/ piping interaction considerations arecontained in Section 5.1. In addition, piping should not be routed
through ductwork due to potential adverse interactions,

i5.2.9.2 Access to Dameers and other HVAC Eauiement '

Access should be provided to HVAC dampers, fans, and filter units 1

so as to facilitate maintenance activities.
5.2.10 POSTULATED PIPE BREAKS

s I

Postulated pipe breaks, their interactions, and analysis
requa.rements are discussed in Section 7.1.8.

s

i

s
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6.0 DISTRIBUTION SYSTEMS ROUTING GUIDELINES

6.1 ,QENERAL

6.1.1 PIPING /DUCTWORK/ CABLE TRAY RELATIVE ELEVATIONS

Pipino should generally be routed belos HVAC ductwork and cable
tray. to protect the ductwork and cable trays from spray and
impingement damage due to leakage and postulated pipe ruptures.

6.1.2 DIVISIONAL AND QUADRANT SEPARATION

Structural walls should be utilized for divisiona; separation in.

the Nuclear Island. Quadrant separation should be maintained for
ECCS components in the Reactor Building subsphere. This separation
is intended to prevent pipe ruptures or other failures ,in ~one
division / quadrant from affecting redundant equipment in another
division and/or quadrant.

6.1.3 STANDARD COMPONENTS '

Use of standard components should be maximized for all distribution
systems. Stand,ard components are more interchangeable, -more
readily availab1'e, and less costly.

6.1.3.1 Pioina

For interchangeability and ease of procurement, standard pipe sizes
and materials should be utilized'wherever possible.

6.1.3.2 Fittinos

A. Standard fittings should be used in all possible
applications. Non-standard fittings as shown in Figure
6.1.3-1-should be avoided.

B. Fittings in sleeves hinder access for welding and
inspections. Fittings and welds in sleeves should be
avoided.

C. Branch fittings should be checked for compatibility and
compliance with piping and installation specifications.

6.1.3.3 Valves

Manual and control valves, as well-as valve operators, should be
standardized to the maximum extent possible.
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i FIGURE'6.1.3-1
.
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6.1.3.4 Pipe supoorts

| Standard pipe support designs and materials should be utilized to
the maximum extent possible. Optimum envelopes for support designs
should be developed for use during pipe routing. Support
guidelines are described in Section 6.2.3.'

.

6.1.3.5 HVAC Comoonents

Similar to piping, HVAC systems and components should be
:

standardized to the maximum extent possible. HVAC components
include ductwork, ductwork supports, fans and dampers.

; ,

Elec;I cal Comoonents_i 6.1.3.6 t

,

Similar to piping and HVAC, electrical comp:nents should ' be
: standardized to the maximum extent possible. Electrical components
! include cable, supports, cable trays, conduit, junction boxes and

MCCs.

6.1.4 CONSTRUCTABILITY

6.1.4.1 Tolerances'

~

Adequate tolerances should be provided in the design to facilitate
i construction and preclude rework and field change delays.

; 6.1.4.2 Standard comoonents
4

Standard compenents should bc utilized to the maximum extent
i possible (see Section 6.1.3).
;

I 6.1.4.3 Accessibility

6.1.4.3.1 Clearance'

;

f Clearances should be provided in' the design to allow for
construction, preservice/ inservice inspection, operation, and
maintenance..

6.1.4.3.2 Testing Provisions
,

Testing provisions should be incorporated into the design. Access
shJuld be provided for both preservice and inservice testing.
P<2rsonnel and testing equipment access should also be considered.
Isolation valves, test connections, and recirculation / bypass't lines H

saould be incorporated into the design to preclude abncrmal system
lineups.

*

|

|
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.

6.1.4.4 Interferences
i

.ield changes during construction result in significant delays and
costs. These problems are best circumvented in the design phase by

; preventing interferences. Interferenc_es should be precluded by
utilizing an integrated 3-D plant model with interference check
capability.

6.1.5 SEGREGATION*

d

i 6.1.5.1 Seismic /Noa-seismic

To the extent practical, non-seismic and seismic system segments
j should be segregated to lower the amount of non-seismic piping

requiring seismically analyzed supports (see Section 6.2.3.5) .
t

-

| 6.1.5.2 Radioactive /Non-Radioactive Picine

Radioactive piping should be segregated to the extent possible in
: order to utilize the shielding provided by the structure while

maintaining radiation levels within limits i.nposed during design.4

! 6.1.6 SUPPORTABILITY

Distributien systems- should be rcuted to be supportable. The
,

routing guidelines in this section facilitate supportability.
,

6.1.6.1 Proximity to succort structures
,

*

Distribution systems should be routed close to support structures
(walls, columns, ceilings, floors). This simplifies support
designs and allows support standardization. .Close proximity is
especially important near in-line components suca as valves,'

flowmeters and dampers. Valve supportability is discussed in
Section 6.2.2. Structural interactions are discussed in' Section

'
5.1.2.

| 6.1.6.2 Base Plate Provisions
i
'

Embedded plates should be utilized wherever practical to minimize
embedded anchor bolt use. Spare embedded plates should be provided

,

to allow for modifications over the plant life.
:

l

4

I
!
l

.

1
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4

i 6.2 PIPING

6.2.1 EQUIPMENT CONSIDERATIONS
i

6.2.1.1 Ecuionent Arrancement
a

| 6.2.1.1.1 Accessibility |
! \

. Accessibility for installation, testing, operation, and maintenance
of equipment should be provided based on equipment requirements'

provided by the sendor and past plant experience.
.

!- 6.2.1.1.2 Pull Space

| Equipment pull space should be provided based on vendor
requirements. Pull space provisions include equipment 'and
equipment module (i.e., tube bundles, pump motors) removability.

6.2.1.1.3 Maintenance

*.
Maintenance provisions should be provided, including monorails, jib

| cranes, removable wall sections, hatches, and flanged connections.
Orientation and requirements of other equipment in the vicinity
should also be considered.

; 6.2.1.2 Connectina Picina Reauirements

6.2.1.2.1 Nozzle Loads

Equipment nozzle loads should be minimized to be within equipment;

vendor specifications. If nozzle -load limits are not .known,
conservative nozzle loads may be assumed and verified with vendor,

specifications. Tyoical nozzle loads that maythe used for these
conservative assumptions are listed below in Table 6.2.1-1.

i

TABLE 6.2.1-1

Tvoical Allowable Nozzle Loads
,

Service Level Forces (1bs) Moments (In-lbs)

Normal 200 x A 2000 x S
Upset 400 x A 4000 x s
Faulted 500 x A 5000 x s

.

2Where: A = Pipe cross-sectional metal area ' (in )
3S = Pipe section modulus -(in )

.
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.
6.2.1.'2.2 End Connections

(
End connection's _ should be designed _t o be compatible- with
interconnecting piping.;_

i
: 6.2.1.2.3 Heat Tracing
a

j Heat tracing is used for liquid-containing pipelines to prevent the

| liquid from freezing or becoming - too viscous.- In pipelines-
containing gases, heat tracing prevents gas components. from

! condensing. Piping may be heated by using fluid heating media

| (steam, hot WE.ter,- hot oil, or Dowtherm@), .or by electricity. Heat.
!. tracing should be minimized due-to the-reqJired maintenance.
1
'

Typical heat traced piping applications include borated. water-i
[ lines, and lines subject to freezing during_ccid weather. Borated

'

i water lines greater than 2.5% by weighti require heat. tracing to
| prevent precipitation. Note that-for System.80+, the only borated
|- water piping requiring ._ heat tracing should be for CVCS- boron
I batching-due to.the RCS boron concentration being less than 2.5%.
!
j 6.2.1.2.3.1 Requirements .

;- i

F When a - piping system requires heat tracing, the-designer should~
i take into account the installation- and maintenance of: the. heat.--

i' tracing system. Guidelines are'as follows:
i

.L In order to. minimize tha. possibility'of'short-out due-to
i flooding .or loss of heat, piping requiring electrical-heat
! tracing should not bc located near floors or at low' points-
| in the building.
.

B. Heat traced piping should not be located in_high trafficz

areas ;where physical damage: 'could occur : -(e .g, access:;
aisles). If' piping.must be-. located innaihigh traffle-

;

area, a minimum clearance:of 30 inches.should be provided--

i and-protective shields should be_ installed.
!

!- C. Heat traced' piping should be separated from other piping,
L walls, floors, 'andy ceilings, with sufficient space s for
j- installation of cables and-insulation. Typically,:a 12"
!- minimum clearance is needed. . General spacing requirements

~, 2, - and -- 3 piping are . given- in Sectioni for ASME Class 1'
! 6.2.6.2.-

D._ Flange cc : nections should be - kept E to .a.' minimum to avoid
; -the need for heating' cable adders. '

t
'

f . . . .

E.. When1 choosing a sleeve. for a- pipe that is being heat.'
,

-

1 traced, the sleeve should be11arge enough to accommodate
; the heat L tracing - cables and necessary : insulation -(see-

_

Section 5.2.3.4).-s
4

(
>
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F. -Outdoor piping should meet the intent of- Section.
6.2.1.2.3.lsB and should remain easily accessible'from a
standpoint of setting and maintaining locally . mounted
temperature controllers.

'
6.2.1.2.3.2 Steam Tracing Of- Pipelines

Heat to piping may'be provided by steam pipes: either.inside or
~

outside the line. Steam jacketing _ may also be used, but due to-its
high cost, it is_ employed only for special situations _invalving
high heating loads. Since steam has- a high film -heat-transfer-
coefficient, it conder..ses at constant temperature and flows to-the
point of:use without_ pumps. Typically, this practice is not. used
in nuclear plants dee to the unavailability of'high temperature,
superheated steam._ In' other -plants (coal, oil) where. high
temperature, superheated steam is availab] e, _ this method -is: r..~ ore
!ractical.

4

6.2.1.2.3.3 Electrical. Pipe Heating |

External _ heat tracing consists. of ~ installing -- electric heating
'

cables .in contact with the outer surface of the pipc with stainless
steel straps, and-then applying insulation to the pipe. The most
common size cable used is 3/8" OD with an option of .5/2"-OD wiring.

~

After the - wires are connected, the-heat tracing.is-covered with
aluminum lagging. Heating by electricity to maintain temperatures
in pipelines has advantages over steam. These'are:-

A. Heat can be provided with automatic controls.

B. He:ating of the pipe is more uniform.

C. Operating and maintenance cost are lower than steam,

D.- Heating-.can be applied: equally 'to -short and 'long_.o _

pipelines.
.

Some borated . water system use two heat tracing systems. The
; primary system can have a -temperature setting L of _'175?F, ' and the -
4 secondary system a-setting-of1160*F. : The : secondary- system can. ha-

used as- a backup system, or itt can be used- as an additiona_l- heating -
system along with the primary syster__to prevent crystallization;of-

"

borated water at higher: concentrations.
-

' Note that- at boron ' concentrations: less than _ 2.5% by weight,
crystallizatit.1 c'oes not- occur- down to 32'F. Since the1 System 80-
' maximum bore.. concentration is.'2.5%, Tonly the borated water pipi.i ,
used ' in the- mixing and transfer from the - CVCS batching tanks --

requires; heat tracing.-
,
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6.2.1.3 Flowmeters

Twenty pipe diameters of straight pipe should be provided upstream, |'
'

and ten pipe diameters cf straight pipe should be provideds

downstream of flow elements unless otherwise specified by |

manufacturer's instructions The inside diameter should be used |
.

for the pipe diameter computation.'

f

6.2.2 VALVES

6.2.2.1 Valve Ftmetions,

General valve applications and guidelines are stated ba1.ow.
Specific applications should be researched further, as appropriate.

6.2.2.1.1 Gate Valve
~

6.2.2.1.1.1 Solid Wedge

This valve is recommendeo for lines at ambient temperatures and in
line sizes 4 inches and smaller. Thermal differentials and pipe
loads can dierrrt critical body interfaces that the solid wedge
cannot adapt to.

Additionally, the solid wedge is not suited for use with power
| actuators. Changes in operating characteristics of actuators and

environmental changes dictate _its use to be limited to applications
where manual actuation is acceptable.

6.2.2.1.1.2 Flex-Wedge and Split Wedge

Tnese are probably the best general purpose gate valves available.
i The flexibility of the wedge allows operation over a broacer range-

of conditions. They should not be used in applications that are
i subject to extreme temperacure variations or fast closure. The

limitation on speed of operation is a result of the tendency of the
wedge to lock ir bind when closed quickly.

6.2.2.1.1.J Double Disc

The double disc valve is designed to provide tight -shat-off and
reliable operation la extreme environments. Its free floating disc
and parallel seats eliminate the criticality of the seat-disc
angles, permit tight sealing under the most adverse temperature and
pipe 1cading conditions, and greatly simplify maintenance. The
wedging mechanism allous the valve to be used at temperature
extremes and assures reliable opening regardless of closure speed.
This type of valve should be considered whenever one or more of the
following conditions are required: (1) the valve must- close
quickly, (2) bubble cightness is desired, or (3) air seat leakage
testing is required.
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6.2.2.1.1.4 Conduit

The conduit gate is a valve that is designed for use in service-

where an unobstructed flow passage through the seat area is
required. It has been extensively used in pipeline services where
the practice of running " pigs" through the pipeline necessitates-

the elimination of any surfaces that they could get hung up on.'

Conduit valves are also used in lines where the media is " dirty"
and contains particles like rocks or metal chips.

:

6.2 2.1.2 Globe Valve

Globe valves are generally used for throttling and shut-off. When
used in throttling applications they should be installed with flow
under the seat. The configuration of the disc is such that only.

~

the bottom presents a smooch flop profilo. The sharp profile of
the top of the disc, when exposed to high velocity fluids can cause
turbulence. 'cnis results in unreliable throttling and possible
valve damage.

Globe valves can also be used for shut-off, but are also
unidirectional in this application. In order to obtain a tight
seal, the valve chould be installed with flow over the disc. With
flow under the disc, the actuator has to. provide a force equal to
the full differential plus an additional amount to provide a
sufficient unit load in the seat to achieve a seal. This force
must b- maintained if the valve is to remain tightly sealed.

With flow over the disc, the pressure acts as the sealing force.
In this-situation, the actuator is required only to overcome the-
differential pressure force when the valve is operated.

Aside from the different types of discs suppliad, globe valves are
also supplied in ?our differene body configurations. They are the

: Regular (hord zontal or pattern. "Y" (wye), Angle,Jand the Y-Angle

(elbow down).

Note that packless globe valves are used as isoladion service with
flow under the disc. Packless globe valves should not be used for
throttling or reversible flow conditions. These . valves should also
be installed in clean systems as they are very susceptible to seat-
damage caused by impurities in the system.

6.2.2.1.2.1 Horizontal Globe

This is the most commonly used of the gisbe valves even-though it
has-the greatest flow resistance.
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6.2.2.1.2.2 Y-Globe
.

This design is used where throttling capability is required but
lower flow resistance is desired. The inclined stem angle makes

4

maintenance more difficult than with a horirontal globe.
.

! 6.2.2.1.2.3 Angle Globe

2 This design takes advantage of a 90* bend in the piping and
j replaces the elbow with a throttling valve. This eliminates extra

j welds, reduces system pressure drop, and permits the most efficient
use of available space.

6.2.2.1.2.4 Y-Angle Globe

i Thle design ;ombines the installation versatility of the arigle
valve with the lower pressure drop of the Y globe. The

; installation limitations of this type are opposite of those for a
regular angle valve.

6.2.2.1.3 Check Valve*

.

| Check valves differ considerably in their construction and
; operation from the other groups of valves designed either to stop
; the flow entirely or to throttle the flow to the degree desired.

I There are three basic designs of the check valve; the swing check
valve, the lift check valve, and the tilting disc-valve.

.

*

6.2.2.1.3.1 Swing Check

These are the most popular of all check, valves since.they offer'

very little resistance to flow when in the wide open position.;

They are generally used in all piping where the pressure drop es of
prime importance. Swing check valves are _used fcr _ handling'

liquids, and can be installed in vertical (flow up) or horizontal,

| position without impairing their performanca. To allow for
maintenance, swing check valves 8" and larger should - not ' be
installed in vertical pipe runs unless horizontal installation is'

not possible or feasible, or other applications where the reversal
of flow is frequent, since this could cause the valve disk-to
fluctuate rapidly-and result in " valve chatter."

6.2.2.1.3.2 Lift Check

Lift checks are based on globe valve body designs and as a result
are available in either the legalar, angle, or wye configuration.
The regular is the most common, even though it has the highest
pressure drop. The angle lift check is designed to be used in a
90 pipe bend. Installed in place of an elbow, this valve

;

|
eliminates extra welds, and minimizes the additional pressure drop

|_ in the system. The wye lift check has the lowest pressure-drop of.
!

I.
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the three lift checks but is still greater than most swing checks.
It is not generally supplied in larger sizes because the weight of
the disc on the guides can impair operation. In many designs wye
lift checks are supplied with a spring above the disc to compensate
for friction between the disc and guides.

All lift uhecks should be installed with the bonnet vertical. This
means that regular lift checks should only be used in horizontal
lines, and angle lift checks should be installed with the normal
flow up. Wye lift checks can be installed in either horizontal
lines or in vertical lines with the normal flow upward. Packless
type globe and lift check valves should only be used in relatively
clean environments as close tolerances promote dSmage to the seat.
area from slurries ur particulates.

6.2.2.1.3.3 Tilting Disc Check

The tilting disc check (TDC) valve offers significant advantages
over swing checks or lift checks, when high velocities are present, 3
but perform poorly when return velocity and differential pressures
are small. Without a large force in the reverse direction, TDC's ,

with metal seats will not sial ;ightly. A TDC has less flow
resistance than a lift c h e c'.- . ,ut has a greater flow resistance
than a swing check valve.

6.2.2.1.4 Plug Valve

The major application for this valve is to function as a complete
shut-off. It may be use. for throttling where accurate adjustment
is not necessary. It .s aormally used in applications with low
temperatures and pressures. Tne simple design offers easy
operation, positive closure, and therefore lends itself .o
automatic control. In addition to the two-way valves, multiple
port arrangements are possible for special applications such as
flow diversion or blending. Plug valves are limited to low
temperature, low pressure application (i.e., 300 lb. ANSI Class,
200*F).

6.2.2.1.5 Butterfly Valve
4

The butterfly valve has the advantage of combining in one valve, ,

the block-valve (on/off) function with the throttling-control
function. This could require a positioner' to assure that proper
valve control is obtained, but it does allow for combining the two
functions into one valve. Alsc, the single wafer-disk'that pivots
in the body can easily be operated m n ually or automatically. The
use of geared operators, levers, electric-motor drives, air-
cylinder, or hydraulic-cylinder operators, nr diaphragm operators
is quite common for local or remote operation of butterfly valves.

.

2

T
j~
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6.2.2.1.6 Diaphragm Valve

Diaphragm valves rely on a flexible diaphragm to block fluid flow,
Both high and low weir designs are available. The high weir causes
less flexing of the. diaphragm, but produces higher pressure drop.

Diaphragm valves can be used for throttling and to handle solids-
laden streams as well as in clean service. They have no pockets to
trap material. Pressures and temperatures are usually low (215
psig and 300'F maximum) because the diaphragm is not able to
withst.and en remes . Diaphragm failure and replacement can occur
and cause considerable damage when handling corrosive chemicals.

'

6.2.2.. 7 Ball Valve

The ball valve is limited to those temperatures and pressures
allow 3d by the seat material. They are not. limited to a particular
fluid material. |

These valve- are o the on-off variety. However, the-ball valver

provides not only t..ght shutoff but also good flow ch racteristics
approaching those of an equal percentage valve. For tnis reason,
it is often applied as a combination throttling a.m shut-off valve.

6.2.2.1.8 Relief Valve

Relief valves are realired to protect against exceeding the design
pressure of a system or component. The desion pressure of the-
equipment the pressure relief valve is intended to protect will ~

determine its set pressure. These valves are desianed primarily i
for liquid service.

The furction of the relief valve is to sense a pressure builc up in
the system and to provide a slow path for material out of the
system. Pressure build up is sensed by a force-balance arrangement
that consists of process pressure acting on a fixed area and
opposed by a spring or weight.

The direct, spring-opposed precsure relief valve usually has an
angle bocy. The inlet connection is suitable for the upstream
temperature and pressure, while the outlet side and bonnet are
designed for lower pressures. The outlet side is normally larger
to allow for expansion of the flowing medium,

g 6.2.2.1.9 Safety Valve

Safety valves are generally used in steam service. When used in
superheated steam service over 450*F, the body, bonnet, and spindle
should be carbon steel or higher alloy material'.

.

,

&
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6.2.2.1.10 Safety-Relief Valve

This valve is an autonatic pressure-actuated relieving device
suitable for use either as a safety valve or relief' valve,
depending on the application. It is also used on the dis.:harge of
positive-displacement puaps and compressors for thermal expansion
of liquids and gases. Lifting levers are required for hot water '

(greater than 140 *F) , air, and steam service.

6.2.2.1.11 Contro.1- Valve

The three major types of .ontrol valves; globe, butterfl , and
ball are used in throttling applications. The throttling action is
a function of the pressure-drop across the valve.

~

Cage guided globe valves are typically used for steam letdown or
large differential pressure applications. _ Butterfly control valves
would be used for steam or water service with a low to moderate
differential pressure. Ball valves are general service, low

' differential pressure throttling devices that coulo be used in
superheated steam lines or for corrosive process fluids.

6.2.2.1.12 Solenoid Valve

There are two types of solenoid valves -- the modulation type and
^

the shut-off (iaolation) type. Modulation s71enoid valves are
normally used for small line rires. Precautions for solenoid-
valves include:

A. Limiting interpass temperature when welding ~in-line.,

B. Using in clear systems since many splenoid valves are>

pilot-operated and have small passages.

in an upright position for proper operation.C. Installat w

6.2.2.2 Valve Orientation Considerationa
6.2.'.2.1 valve Types i

6.2.2.2.1.1 Gate Valve

The gate valve is extremely versatile as an isolation valve. The
use of pressure as the primary-sealing force enables it to seal
tightly at high pressures. Gate. valves are ' designed to take
advantage of differential pressures, using the resultant force to--

seal the disc. Where gate valves incorporate a'aecondary wedging.
force, they can be used to seal reliably at low pressures _as well.
In-the absence of a differential _ sealing force, the wadgiag force .

provides the unit loading-required for-metal-to metal'sealinq.
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Because the sealing force is normal to the d'.eection of disc
movement, operation requires less force than most other valves.
The force that must be overcome is mainly due to the fric: ion of
the disc being forced against the seat by the differential
pressure. The actual force a gate actuator must overcome is a
force equal to the differential pressure times a coefficient of
friction, (generally 0.3 for a wedge gate and 0.2 for a parallel
seat gate). This resulta in the use of a relatively small actuator
on most gate valves. Small bypass valves ara sometimes used to
equalize pressure prior to opening large, high pressure 'alves.

Gate valves should not be used as throttling devices due to erosion
at the edge of the disc and seat ring when they are exposed to the
turbulence produced by the partially open gate.

6.2.2.2.1.2 Globe Valve

Globe valves are used as throttling devices. The streamlined
sur. face that the plug presents to the flow, minimizes turbulence
(and resulting erosion; and permits reliable control of M.e flow,

rate. The smooth profile is especially critical when high energy
fluids must be controlled over a wide range. The high' velocities
through the seat area, when the valve is throttlad, can cause,

severe erosion of sny obstructions in the flow path. In addition
to the potential damage to the disc, the turbulence created by
using a valve not designed for throttling service can cause erosion
of the adjacent body service.

9

The cpposite unidirectional nature of the globe valve for
throttling and shut-off should be ccrefully considered. There two A

functions should not be combined in a single _ valve if sealing and
throttling are in the same direction. When the throttling. function
is required in one direction and shut-off is desired in the other, ,

.a globe valve is an ideal choice. Because globe valves have poorer
flow characteristics (i.e., greater pressure drop), and require
larger actuators than gate valves, they are not considered as good
a choice for solely isolation service. Note that globe valves must
be procured for their throttling service conditions. Also, they
are not designed fer large dif ferential pressures in the reverse
direction due to the tendency to unseat the disc.

6.2.2.2.1.3 Check Valve

Check valves are designed to prevent the reversal of flow in a line
automatically. Where the flow in a line is in one direction.and
isolation is in the opposite direction, the ability of a check *

valve to close -independently of any outside sicnal can be very'
usefal.

4
Because the sealiag force in a check valve s obtained solely as a
result of differential pressure, obtaining a tight seal at low'
differential pressure is difficult, particularly with metal seated
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valves. The large unit loading nacessary for a tight seal at low
pressures is not present in a check valve, but when en"ironmental 9*conditions permit the use of a resilient seat material, the weight
of the disc can sometimes provide enough force to seal. This
aspect is useful where low pressure differentials exist.

6.2.2.2.1.4 Plug Valve

The plug valve is cf the " block" or comriv a u t-off type.
Several basic features make the plug valve 12 cal for power plant
application. It has no projecting yokes or b,onnets, no exposed
threads, and no underhanging body to waste vital space. The plug
valve can safely and etficiently handle gas and liquid fuel, boiler
feedwater, condensate, and similar mediums.

The plug is the only movable member. The valve is opened'by
rotation with tne plu; turning on a seat. Rotation eliminates the i

need for raising and lowering a movable valve member, and protects
seating surfaces from exposure to corrosive elements.

One feature-of the plug valve is the quick opening and closing
operation, a quarter turn fully opens or closes the vaJve._ Valves
are wrench, gear, cir, or motor operated. Plug valves have a
polymer base sleeve which limits normal operating f1t.id
temperatures to approximately 200'F. They are not restricted to
one-way flow, (i.e., the valve can be iretalled in either direction
because it holds plussure in either direction).

" 2.2.2.1.5 Butterfly Valve.

Butterfly valves often appear in modified form to suit requirement.s
such as tight shut-off, tailored characteristics, better control
performance, or higher rangeability.

They are normally used in isolation- and moderate throttling
cppli' cations for low pressure / temperature services. In leak-tight
shutoff applications, soft seats should be specified. Advantages
of butterfly valves are compactness and ease c * installation. Two
disadvantages are poor cavitation performance and the possibility
of damage to the seat and Cisc when thrcttling at low flows.

6.2.2.2.1.6 Diaphragm Valve-

This valve consists of three simple elements; the valve body, valve
diaphragm, anc valve bonnet assembly. The diaphragm in this valve
serves as the closing, or-seat, member as well as the partition
that separates the valve working parts (bonnet) from the fluid.
passageway. The diaphragm is not used as a packing substitute, but
instead is'used as a-dynamic seating element, and eliainates the
necessity for. conventional valve stem packing matoria;
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;

) The attribute of bubble-tight seating in this valve design results
in its principal application where drip-tight, bubble proof closure,

is required.'

The standard elasttuacric rubber-base diaphragm operating
temperature is from 180*E to 200*F for special heat resisting

,

i diaphragms. The use of Teflon as a diaphragm material permits the
use of the valve at temperatures up to 300*F.

6.2.2.2.1.7 Ball Valve
,

$ Ball valves are basi.: ally modified plug valves. The wall has a
port opening that joins with the body in the open position. Ball*

valves are ma:'.nly used for on-off services, however, they can also
be used satisfactorily for throttling service in low differential
pressure applications. They are quick to operate, easy to
maintain, require no lubrication, give tight sealing with low'

torque, and exhibit a pressure drop that is a function of the port
; size selected.
!
'

One disadvantage is that when closed, some fluid is trapped between
the seats and in the hole of the ball, which might be damaging at;

high temperatures.

6.2.2.2.1.8 Relief valve

Relief valves prevent overpressurization of process equipment and,

piping. Such valves operate automatically at a predetermined
j pressure to vent fluid and relieve the excess pressure.

2

I The pressure-relief valve usually consists of an angle type body
i having an inlet flange at the bottom and an outlet flange at'the

side. The inlet flange is designed for inlet pressure and inlet'

i tewerature ratings. The larger outlet flange usually has a lower
pressure rating.>

i

6.2.2.2.1.9 Safety Valve
,

J

| The overall design of the safety valve is similar to that of the-
relief valve. In steam, air, gas., and vapor services, the safety-
valve pops open when pressure reacres the set pressure. Pressure.

! will continue to rise - usually 3% :o 33%:above the set pressure.-

L After relieving (called blowdown) , the disk reseats at about 4%
below the set pressure.

1

6.2.2.2.1.10 Safety-Relief Valve,

This valve-incorporates the same basic design as the relief valve.
Its function is to sense a pressure build up in-the system and to.

! prcc de a flow path from ths system. Pressure build up'is sensed
i - by a force-balance arrangement that consists'of_ process pressure

acting on a fixed area and opposed by a spring. 1
- |

'
,
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6.2.2.2.1.11 C:atrol Valve
.

| Control valves are the basic regulatory devices in any process
operation handling fluid streams. They are usually the same size'

: or one size smaller than the upstream pipe size, never larger,
f Control valves are much smaller than line size when high pressure
| differentials have to be absorbed.

; The three basic types of velves used for control valve design are
globe valves, specially designed ball valves, and butterfly valves.'

Globe valves with cage style trim are standard for control valves.
The cage offers valve-plug guiding for stability in the region
where maximum pressure drop occurs,

|

6.2.2.2.1.12 Solenoid Valve
,

! Solenoid operated valves, normally referred to as simply solenoid
i valves, get their name from the fact that they are actuatea by a
! solenoid motor. The valve cody is normally a globe style.

Solenoid valves can be either on-off or modulating valves, although
,

the latter is seldom used ercept for small valves. Actuation can'

be direct acting for moderate pressures or pilot assisted for high -
pressures. A major advantage of solenoid valves is that they'can

i be real welded to prevent external-leakage.
,

| 6.2.2.2.2 Valve Body

| A. Valves should be oriented with the stem-vertical unless
i specifically permitted by the manufacturer's drawing (see
: Figure 6.2.2-1), or if required otherwise.to comply with
! an overriding requirement.

$ B. Check valves must be oriented vertically up or horizontal.
unless specified otherwise by the valve manufacturer (see

; Figure 6.2.2-2).

I C. Swing check valves may be placed in vertical runs
: providing the normal flow is upward. Swing check valves,

8" and larger should-not be. installed in vertical pipe'

runs unless horizontal installation is not possible or'

j feasible from other good installation practices. For
: swing check valves adjacent to fittings, the plane of the
_

fitting should be perpendicular to the clapper arm hang
'

pin. If the requirements of Section 6.2.2.3.1.1 cannot be 1

met, as a minimum, a G" spool is needed cetween a swing
i check valve and a downstream valve or= fitting to prevent
i clapper arm interference.

.

!

1
,

;
.
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| FIGURE 6.2.2-1

Valve Body Orientation
,

'

:

i

! The preferred valve body orientation is with the
bonnet vert:ical, in a horizontal pipe run. This
produces a symmetrie natural-balance in the-;

; valve yielding minimum. wearing forces-on moving;
valve parts . Also, stresses are - greatly- reduced-
with the--valve in'this orientation.:
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FIGURE 6.2.2-2

Check Valve Bo'dv Orientation

C' neck valves should be placed in horizontal
pipe runs _with the bonnet vertical. While not
recommended, most check valves _may be placed in
vertical runs, provided that the normal flow
direction is vertical.
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D. All lift check valves should be installed with the bonnet'

pointing up. Therefore, regular lif t check valves should
be located in horizontal piping, and angle lift _ check
valves should be located with normal flow up. ' Wye lift
check valves may be located in either horizontal piping or

,

vertical piping if the normal flow is upward.
1

E. Relief valves should always be oriented with the bonnet I

vertical (see Figure 6.2.2-3) . {
i

F. Large butterfly valves (36" and up) should have at leastI

i
8 diameters of straight pipe both upstream and downstream
(see Figure 6.2.2-4). If this cannot be met, the

: followinc guidelines should be used.

1. Adjacent to elbow, the valve shaft should be in~the
plane of the elbow centerline.

2. Adjacent to centrifugal pump discharge _ with the pump
shaft vertical the valve shaft should be horizontal,
and with- the p' ump shaf t horizontal, the vaa.ve shaft
should be vertical.,

,

j 3. Adjacent to vertical lift pump, the valve shaft should
{ be vertical.

G. Control valves should have a 6" minimum spool piece to
! allow for hanger attachment and/or inservice inspection

requirements between the reducer (if required) and valve
body._ Note that this reducer does not violate the

; straight run requirements.

H. Gate valvds, which are subject to temperatures in excess
of 200 F, 24 inches and larger, should-be oriented with
the valve stem horizontal .or above to prevent
overpressurization of the valve due to possible heat
expansion of entrapped fluid in the bonnet cavity.,

I. Valves should be oriented. with the bonnet vertical to
prevent creation of crud traps (See Figure G.2.2-5) .

,

J. When locating valves, the orientation should allow for
required valve disasuembly and reassembly activities (seei

Figure 6. 2. 2-6) .
d

6.2.2.2.3 Operators

6.2.2.2.3.1 Electrohydraulic

Electrohydraulic valves should be installed with the operator stem
vertical.
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FIGURE 6.2.2-3

Relief Valve Body Orientation

Relief valves should be oriented withthe bonnet / spring vertical.
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FIGURE 6.2.2-4

Butterfly Valve Conficuration

Butterfly valves should have eight
pipe diameters of straight both
upstream and downstream of the valve.

8 Pipe Diameters 8 Pipe Diameters ,

~= = = =

V D- a- -

.

BUTTERFLY VALVE

,
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FIGURE 6.2.2-5

Valve Bonnet Orientation

valve bonnets create crud traps when
installed below the pipe centerline.
With the bonnet vertical, the valve is
better able to drain. This is
especially important in radwaste
systems.

w-

BONNET

NON-PREFERRED VALVE ORIENTATION
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FIGURE 6.2.2-6

Non-creferred Bonnet Orientation

Valve reassembly is extremely difficult
with the bonnet facing downward. Valve
parts such as rings, seals, springs, and
sleeves must be inserted in the valve
before the bonnet and stem are inserted.

:.7%.

+ ~~

O ()
n.K /~..'

,) ' I.

_.

.

EXTREMELY DIFFICULT TO HOLD SMALL
PARTS IN PLACE DURING REASSEMBLY

NON-PREFERRED CONFTGURATIONt
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6.2.2.2.3.2 Electric Motor-Operated -

Electric motor-operated (EMO) valve operators should be oriented
such that neither the motor nor limit switch housing is below
horizontal. If, due to other restrictions, it is not possible to
meet these criteria, it may be necessary to rotate the operator on
the valve until these criteria are satisfied, unless shown to be
acceptable by the valve manufacturer.

6.2.2.2.3.3 Chain Wheel Operators

Valves to be equipped with chain operators can be rotated to
horizontal unless specifically stated otherwise _ by the
manufacturer's drawing. If a listing is not availab.9.e~ which
identifies chain operated valves, the following guidelines ca.n be
used to determine the possibility of a valve requirine; a ch'ain
operator.

A. The valve is operated on a routine basis (monthly or more
often).

B. The valve is operated in the plant startup sequence.

C. The valve is operated in the plant shutdown sequence.

D. The valve is operated for emergency bypass and/or
isolation purposes.

6.2.2.2.3.4 Pneumatic Piston Operators

valves equipped with pneumatic piston operators should be limited
to vertical orientations. Orientations other than this will
severely reduce the operator life.

6.2.2.2.4 End Connections

Valve end connections should be selected considering removability,
welding, and bolting access.

6.2.2.2.5 Manufacturer's Instructions

Manuf acturer's instructions should also be considered, in addition
to these general routing guidelines.

6.2.2.3 Valve Location Considerations

6.2.2.3.1 Valve Arrang7 ment

6.2.2.3.1.1 Line Valves

Generally, valves should not be located adjacent to fittings, (See
Figuro 6.2.2-7), especially with corrosive fluids because of the
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l

turbulence produced at the fittings. Valve performance and life is
greatly increased by adding straight runs of pipe before and after
valves. Spool pieces between fittings and- valves aid in
supportability. Optimum length spool pieces upstream and

j downstream of the valve would be 4 pipe diameters.

6.2.2.3.1.2 Butterfly Valves

Ideally, butterfly valves should have at least 8 pipe diameters of
straight pipe both upstream and downstream of the valve (see Figure
6.2.2-4).

6.2.2.3.1.3 Control Valves

Contro) valves should have at least 10 pipe diameters of straight
pipe upstream and 8 diameters downstream, for maximum pressure
recovery (see Figure 6.2.2-8) . If these cannot be met, a minimum
of 4 pipe diameters upstream and downstream may be used.

Where the Minimum requirements of 4 pipe diameters upstream and
downstream cannot be achieved, piping should be rerouted to conform
to these requirements.

For high flashing flow situations, such as into a flash tank or
condenser, the control valve should be placed Ts close as possible
to the vessel with no directional changes after the valve.

s

6.2.2.3.2 Maintenance

The valve location can hinder maintenance without proper design
considerations. The following guidelines are applicable to all
valves, but first consideration should be given to valves with
operators, switches, or other types of moving parts, or electric
controls which will be more likely to require maintenance.

6.2.2.3.2.1 Location Requirements'

A. Frequently operated valves should be more accessible than
infrequently operated valves. For the purposes of this
criteria, infrequently operated valves are listed below.
All others should be considered frequently operated
valves.

1. Drain Valves
2. Vent Valves
3. Equipment Isolation Valves
4. Pressure Test Valves
5. Local Sample Connection Isolation Valves
6. Tell-tale Isolation Valves
7. Relief Valves
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FIGURE 6.2.2-7

_Line valve Configuration

a

FITTINGS PRODUCE TURBULENCE IN THE FLOW AREA
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FIGURE 6.2.2-8

Control' valve-Conficuration

It is preferred to have ten pipe
diameters of straight pipe upstream
of the control valve and eight pipe
dirmeters downstream of the-valve.
Placing control valves immediately
adjacent to fittings should be
avoided.

8 Pipe Diameters 10 Pipe Diameters
- q _ i

I

_P - ~ ,- n

u -p- - -

1-

CONTROL VALVES

.

-
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B. Valves should not be located next to walls where they are'

j not easily accessible.

C. Valves should be placed- close to floors or operating
; platforms to make them more accessible, but not in
; maintenance access areas,
,

i

D. Valves should accommodate reach rod configurations.

| 6.2.2.3.2.2 Removal Requirements

! For valve maintenance andA. Maintenance and Removal -

removal, manufacturer's opecifications should be reviewed
,

to determine if special tools are required. Space should
,

i be provided for use of these tools.
'

,

j B. Disassembly - Space should be allowed for disassembly of
I valves. Disassembly dimensions should be shown-on valve-
j outline drawings.

! C. Flanges - For flanged valves with stem leakoffs, flanges
; or another type of disconnect should be provided for the
i stem leakoffs to eliminate cutting and rewelding.

D. For val.ve packing leakoffs, tubing connections should be
;

used .nstead of flanges.;

:

E. Clearance should be provided above check valves for
pulling internals during maintenance. This is especially

; important for ASME Class 1 check valves.
:

F. Clearance should be provided for pulling relief valves
| which must be bench tested periodically.

k G. Routing piping over and around valves, blocking their
? access, should be avoided.

M. Relief valves should always be flanged.

6.2.2.3.2.3 Valve Type
,

6.2.2.3.2.3.1 Gate Valve'

l Most c- * valves will at some point require reworking of the
seating arface. Allowing adequate maintenance space will aid in
the abil_cy to relap the valve seat in-line. Proper maintenance

j pull spaces also allows quick, - easy removal. It is extremely

) important that gate valves 24" and larger with service temperatures
4 above 200 F be oriented with the stem horizontal or above (vertical

is preferred) . Orientations other than this could cause the valve

.
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to become overpressurized due to possible heat expansion of
entrapped fluid in the bonnet cavity.

6.2.2.3.2.2.2 Globe Valve

Globe valves are. fairly low maintenance items. Replacement screw-
in type seats improve maintenance greatly. The horizontal globe is
the easiest to maintain when the stem is vertical. It can be
installed in either horizontal or vertical lines with flow in
either direction. The Y-globe can also be installed in either
horizontal or vertical lines. In vertical lines it is not
recommended for installation with the stem angled down. Besides
maintenance concerns, the bonnet becomes a crud trap. The angle
globe allows the replacement of an elbow with a valve and takes
advantage of the 90* bend. This elim'. nates welds, reduces pressure
drops, and efficiently uses avaliable space. When used 'for
throttling, the flow in the vertical leg should be upward, and for
isolation service should be downward. Tia Y-angle. globe
installation should be opposite that of an angle glom.

6.2.2.3.2.3.3 Check Valve

Swing check valves can be insts.tled in either horizontal lines or.
in vertical lines with the nermal flow upward. Swing checks should
not be used in lines where the flow pulsates- or fluctuates
frequently without special attention being paid to the hinge
bearing areas. The angle lif t check is installed in place of a 90*
pipe bend. Installed in place-of an elbow, this valve eliminates
welds and minimizes the additional pressure drop in the system.
All lift checks should be installed with the bonnet pointing up.
This means that regular lift checks should only be used in
horizontal lines, and angle lift checks should be installea with
the normal flow up. Wye lift checks can be installed in either
horizontal or vertical lines with the normal flow upward.

Check valves should not be installed more than 45* .from vertical.
Maintenance becomes more difficult when installed below the
horizontal.

Swing check valves downstream of fittings (i.e., elbows, tees)
should have the fitting oriented to the plane perpendicular to the
swing check valve clapper arm hang pin.

6.2.2.3.2.3.4- Plug Valva

Plug valves can be used in vertical or horizontal piping and for
two-way flow. Plug valves are fairly low maintenance items which
can be reclaimed after extended use by a simple resleeving process.
Sufficient maintenance space above the valve should be provided: to '

permit in-line-resleeving.
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6.2.2.3.2.3.5 Butterfly Valve
4

$ Butterfly valves can be used in either vertical or horizontal
; piping and for .wo-way flow. The amount of maintenance required

depends on the type of operation, process fluid, and the seatingf

material.

The valve stem should be in the same plane as the upstream fitting.
This allows loading of the valve disc by the process fluid which
minimizes torque on the disc.4

4

1 6.2.2.3.2.3.6 Diaphragm Valve
i

Diaphragm valves can be used in either vertical or horizontal
piping and for two-way flow. The bonnet should remain above the,

:

i horizontal to eliminate the creation of a crud trap.
'

!

The diaphragm acts as a part of the seat and as a separating member
: of the bonnet, eliminating the need for packing. The three element

j construction has the advantage of permitting in-line maintenance
without requiring removal and it eliminates stem repacking, seat-

| grinding, and the necessity for selective fits during reassembly,

i Note that typical vendor recommendations are that diaphragms be
replaced for all valves at five year intervals. Each time the

: diaphragm is replaced, the stem travel stop should be reset.
.

Therefore, ample space should be provided to allow this maintenance
| to be performed. Also, placement of these valves in high radiation

zones should be minimized.;

6.2.2.3.2.3.7 Ball valve
,

Ball valve maintenance usually requires the installation of new

| seat seals, a new ball and stem, new packing, gaskets, bolts, and
; nuts. Little remachining of ball valve-components 1. necessary.

Generally, improper seating can be corrected in-line.
I

These valves can be used in either vertical or horizontal piping

|
and for two-way flow.

6.2.2.3.2.3.8 Pressure Relief Valve
,

.
. 1

i Pressure relief valves are relatively low maintenance items, having
a simple design and few moving parts. However, provisions for

, removing these valves for bench testing should be provided.'

The inlet piping on relief valves, safety valves and safety-relief
?. valves should be at least equal in area to the valve inlet
| conditions. Safety valves on power boilers must be mounted on

nozzles directly connected to the boiler without intervening pipe.
Otherwise, relief valves and safety-relief valves protecting
vessels may have their inlets connected to a common piping header.,
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,

Pressure relief valves should be mounted. upright with the spindle
in the vertical position in such a manner 'that liquid does not
accumulate on the discharge side of_the valve.

'

.

Relief valve discharge piping should be oriented - and routed . to :-
minimize the valve backpressure. The backpressure s h o u l d -_ b e
verified to be within the valve manufacturer's allowables.- Safety
valve discharge piping which could contain steam should be routed i

to drain any condensation to-prevent water slug damage during valve
actuation.

6.2.2.3.2.3.9 Control Valve

For in situ maintenance, clearance space is required below and
above the valve for removal of the seat, plug, actuator cover,.
spring, and yoke. Clearance space requirements .should be obtained
from the manufacturer's drawings.

, The best position for a control valve is with the stem vertical.
t A control valve can operate in angular, horizontal, or vertically.-
! downward position. The actuator determines the-best operating
| position. Large angle control valves are an exception; a
! horizontal position is the most practical.
|

! 6.2.2.3.2.3.10 Solenoid Valve
i

i The best orientation is with the stem vertical (pipe horizontal)
|- for both operability and maintenance. Space-should be provided
! above the valve to permit disassembly.
:

i 6.2.2.3.2.3.11 Pressure Seal-Valve

!=
! Available pressure seal valves are gate, globe, and check valves,
; 600 lb. ANSI Class and_ greater,-24 inch and-' larger. These valves
i should be in a vertical orientation to facilitate disassembly /-

reassembly. Correct line-up of the body and' bonnet is critical and
orientation in any other position hinders; proper-assembly. Space
above the valve is required to allow maintenance. -._

|

! 6.2.2.3.3 ' Operability
l'
| A. Reach rods should be - used for, _ remote : actuation of

'

L infrequently _ operated valves which require _ . shielding.
This _ allows -' valve operation .from behind; the safety - of ~a -!

shielded wall.
|

|_ B. Manually operated valves more. than 5 feet above the floor
should-be oriented such thar: they'can be equipped'with a-

-

! chain: operator.

L _- l
|

'

;. ;

L

L
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6.2.2.3.4 Accident Accessibility
e Manual valves requiring operation during an accident should be in! low radiation areas or have provisions for temporary shielding.1

i 6.2.2.3.5 Equipment Proximity-
The valve function should be considered in its placement (e.g.,

4

i heat exchanger isolation valves should be in the proximity of the'

heat exchanger). Also, valves that are normally operated togethershould be in close proximity.2

|
i 6.2.2.4 Seismic Acceleration
i
i

Valve seismic accelerations should not exceed allowable vendori allowables. In lieu of specific values, generic seismic valvei

accelerations may be used provided the valve is specified to these
; seismic acceleration limits.

6.2.2.5 Water Hammer Considerations
:

| Valve specifications should specify any limitations on valveoperating times to preclude water hammer.
,

j 6.2.3 SUPPORT GUIDELINES
.

! 6.2.3.1 General Guidelines
i

In order to avoid costly support / restraint (S/R) rework andreanalycis, the designer should follow these layout guidelines for'

either new systems or modifications. Compromises to these
guidelines are sometimen necessary but doing so risks creating

i

; other complications, such as awkward S/R design and interferences,
i

One of the goals of the System 80+ piping design effort is the
development of a standard piping support system for all sites.

,

the guidance provided herein proves to be too conservative to-If3-
!

uphold this goal, project. management must be consulted.
t

6.2.3.1.1 Grouping and Locationss

i A. Piping should be routed close to structures (ceilings,
walls, columns, floors) which can be used for _ support -cttachment.

B. When poss.ible, piping should be grouped for commonsupports. Interactions should be minimized by separatingnon-seismic and seisetic piping. See section 6.1. 5.1 fornon-seismic interactions. See Section' - 6.2.3.5.2.6 for! interactions between seismic and non-seismic piping.~

. C. In pipe groupings, a horizontal or vertical pattern orgrid should be maintained. The pipe bottoms should be
located at the same elevation in each horizontal row tofacilitate common vertical supports (see Figures 6.2.3-1and 6.2.3-2).

.

'
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D. When possible, piping should be separated.or. grouped by
temperature. This will ensure similar thermal performance
for gang support design.

6.2.3.1.2 Clearances

A. A 12" minimum clearance should be provided near walls and
columns for clamp and support at_tachment (see Figure
6.2.3-3).

B. A minimum 12" vertical clearance should be provided to
floors and ceilings.

C. Sleeves should be located a minimum of 12" from the
corners of walls (see Figuro 6.2.3-4) .

.

D. For high temperature (2200'F) seismic piping, the lateral
and vertical minimum clearance to support points should be
increased to 3 feet on pipes smaller than 12" nominal pipe
size (NPS), and to 4 feet on pipes 12" NPS and larger to
allow for installation of snubbers.

E. Where space permits, a 12" minimum lateral and vertical
clearance should be maintained between pipes in groupings
except for high temperature seismic piping where the
provisions of Section 6.2.3.1.2.D could necessitate
staggering of pipe locations (see Figures 6.2.3-1 and
6.2.3-5).

F. For high temperature piping where large vertical movements
art expected, spring supports and, for seismic lines, '

vertical snubbers could be required. In this case,
additional vertical clearance should be provided above or
below the piping (see Figuro 6.2.3-6) .

G. Figures 6.2.3-7 through 6.2.3-10 show typical
support / restraint standard components. Figures'6.2.3-11
through 6.2.3-23 show typical support / restraints.

6.2.3.1.3 ?iping

A.. Piping runs should be avoided below large ducts, cable
trays, or other wide obstructions where the line would be
supported from above (see Figuro 6.2. 3-24) .

B. Piping should not be routed near concrete block walls if
possible.

C. Piping should be routed along embedded plates as much as
possible.

4

1
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FIGURE 6.2.3-1
'
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FIGURE 6.2.3-2;

i
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FIGURE 6.2.3-3

Wall Column pipe Clearance
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FIGURE 6.2.3-4 I

Sleeve Clearances
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FIGURE 6.2.3-5

Vertical Clearance Between Pipes
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! FIGURE 6.2.3-6

Non-oreferred Conficuration for Pipina With Larce Movements
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FIGUF3 6.2.3-7-
-
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FIGURE 6. 2. 3-8
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FIGURE 6.2.3-9

Tvoical Standard Snubber
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FIGURE 6.2.3-11

Tvoical Suecort/ Restraint
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FIGURE 6.2.3-12

Tvolcal Succort/ Restraint

_

%., .

i
.

t-
,

! |e'
1 <

- '
i .

| | l
'

- 4

.- ,

-|r
|-- . .

i- ;

~
- s a
i

I*

.',

T
~._ -----

1__

| |
,

'

.I T
i
4

1

1. i 1
i y-

I I
- ,

,

J i

.

>e
. , , ,
/,,

f

I

i

!

i

i

,

I

|
DRAFT 6-46 July 25, 1992

|

,



_ . _ - - .- - . - -- - . .. .- .

SYSTEM 80+* DESIGN CERTIFICATION
~

DISTRIBUTION SYSTEMS DESIGN GUIDE

FIGURE 6.2.3-13

Tvoical Succort/ Restraint
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FIGURE 6.2.3-15

Typical Support / Rest rai nt
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FIGURE 6.2.3-16
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FIGURE 6.2.3-17

Tvolcal Sucoort / Restraint
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FIGURE 6.2.3-18

Tvoical Support / Restraint
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FIGURE 6.2.3-19

Tvolcal Support / Restraint
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FIGURE 6.2.3-20
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FIGURE 6.2.3-22

Typical Support /Res*raint
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FIGURE 6.2.3-23
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Typical suoport/ Restraint
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FIGURE 6.2.3-24!
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D. Avoid fitting-to-fitting and fitting-to-component
configurations. A minimum of 6" should be provided
between all fittings, if possible (see Figure 6.2.3-25 and
sections 6. 2. 5. 3.1. 2 and 6. 2. 6. 4 ) .

E. For seismic piping, if the nominal pipe size (NPS) ratio
of the pipe run to the branch is less than 4:1 then the
branch should consist of a straight tee followed by at
least a 10" spool, then a reducer. If the ratio is
greater than 4:1, then no 10" spool is required. The_10"
spool allows a lateral support on the branch to act as an
axial restraint on the run.

F. Valves and other concentrated weights or eccentricities
should be placed at-least one span, if not two, away from

*

nozzles.

G. Large, heavy valve operators should be_placed directly
above or below the pipe center 12 3e, preferably =directly
above. -

H. The lengths of seismic and safety-related piping should be
minimized to the extent possible (see Figure 6.2.3-26) .

I. Where high temperature piping is insulated, space should
be allowed for a saddle to be used to support the piping.

6.2.3.2 Snubber Minimization

Supports that serve as seismic restrain:s only - (e .g. , snubbers)
should be minimized to the maximum extent possible. Minimizing
snubbers _ reduces the inservice testing (IST) and - maintenance -
requirements over the life of the-plant, along with.the resultant
reduction in personnel radiation exposure.

6.2.3.3 Pipine Desion by Analysis

For larger piping, particularly greater than B".MPS, the optimum
pipe routing would have the centerline of the pipe.a distance "L"
from tha walls and ceiling. This would enable the use of struts,-
snubbers, and springs without having to build a- frame. Figure
6.2.3-2*/ provides recommended distances "L" for typical pipe sizes.
Figures 6.2.3-28 and 6.2.3-29 illustrate de'sirable and undesirable-
pipe routings.

All ASME Class 1, 2, and 3 piping -is designed by analysis.- Other-
piping is also analyzed excluding that which:ia non-safety related-
and low temperature and low pressure - (see- Section" 6.2.11 for field
routing guidelines and restraints). -Piping analysis is generally
performed with the aid of a computer, and-therefore the following

. DRAFT 6-59 July _25, 1992
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FIGURE 6.2.3-25

Spool Pieces for Haricor Supports
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FIGURE 6.2.3-26

Seismic Pipina Lenoth Minimization
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FIGURE 6.2.3-27*

Pice Clearance
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FIGURE 6.2.3-28
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' FIGURE 6.2.3-29
.

Pipe Clearance fer Gano Support
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guidelines are not intended to replace those calculations but to
serve as a conservative guide for locating supports and/or
restraints through simple calculations.

6.2.3.3.1 Seismically Supported Pipe

Seismic support spans should b9 assumed to be the same span length
as those for simple gravity support spans (see Table 6.2.3-1) .

6.2.3.3.2 Vertical Supports

Table 6.2.3-2 shows maximum gravity support spacing with the
limitations as noted on the chart.

6.2.3.3.2.1 Support Locations .
,

Gravity supports are located using the recommended hanger spacing.
This does not take into account concentrated weights such as in-
line pumps, flanges, or valves.

6.2.3.3.2.1.1 Concentrated Loads

For significant weights, supports should Pe located as close to the
concentrated weight as possible. Inservice inspection tolerances
could limit how close a suppr - can be. See Section 6.2.6 for
inservice inspection tolerance.

6.2.3.3.2.1.2 Equipment Connections

The span by should be decreased by 1/2 for the first support from
any equipment.

6.2.3.3.2.1.3 Tern'nal Ends

Penetrations and points of embedded piping should be considered the
beginning of the required span. Support points should be located
using no greater than the calculated spans.

6.2.3.3.2.1.4 Vertical Piping

ISupports at the upper or lower end of risers should be located as
close as possible to the elbow. This will norna11y be limited by 1

Iinservice inspection requirements.

6.2.3.3.3 Lateral Supports (Seismic)

6.2.3.3.3.1 Concentrated Loads

Lateral restraints should be assumed at each concentrated weight.
Inservice inspection requirements will limit how close a restraint
can be placed.

DRAFT 6-65 July 25, '992
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TABLE 6.2.3-1
|

Seismic Sean Lenoths
(with concentrated weights)

1

tips (* j. Schedule Conc. Wts Scan "L" (Ft)

% 80 40 0.9
| 70 0.5
.

'

4 80 40 1.5
70 0.9,

|

100 0.6

1 80 70 1.6
100 1.1

| 150 0.8
!

! 14 80 70 3.6
100 2.9
150 2.1|

200 1.6

! ' 80 100 4.3
l -150 3.3

200 2.7
300 1.9

2% 80 100. 6.1
150 5.5
200 4.9

| 300 3.5
500 2.4

l 3 80 200 6.3
300 5.3
500 3.7

1000 1.9

| 4 80 200 8.1
i 300 7.4
'

500- 5.9
1000 3.4 ,

!

|
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TABLE 6.2.3-2

Sugaested Pipe Support Spacing

succested Maximum Spacina

Ncminal Water Steam, Gas, or
Pipe Size Service Air Service
NPS (In) (Ft) (til (Ft) (m) =

1 7 2.1 9 2.7
2 10 3.0 13 4.0
3 12 3.7 15 4.5
4 14 4.3 17 5.2
6 17 5.2 21 6.4
8 19 5.8 24 7.3

12 23 7.0 30 9.1
36 27. 8.2 35 10.7
20 30 9.1 39 11.9
24 32 9.8 42 12.8

i

Note 1 Suggested maximum spacing between pipe supports for
horizontal straight runs of standard and heavier pipe at
maximum operating temperature of 750*F (400*C).

Note 2 Does not apply where span calculations are made or where
there are concentrated loads between supports such as
flanges, valves or specialties.

Note 3 The spacing is based on a fixed beam support with a
bending stress not exceeding 2300 psi (15.86 MPa) and
insulated pipe filled with water or the equivalent weight
of steel pipe for steam, gas, or air service, and the
pitch of the line is such that a sag of 0.1 in. (2.5 mm)
between supports is permissible.

Re f . AS2'E B31.1-198 s Edition, Table 121.5
t
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1 0.2.3.3.3.2 Support Spacing
i

j Span lengths for lateral restraints, except those which restrain
I

: concentrt.ed weights, may be increased up to two times the normal
| gravity support distance.
4

Lateral restraants are most effective when placed near changes in
'

: dirnetion at already e.xisting gravitj support positions. If unsure f
about exact lateral placement, these can be assumed at every'

gravity support location-<

! 6.2.3.3,3.3 Equipment Nozzles

! A lateral restraint should be assumed at the first gravity support
i from all equipment.

| 6.2.3.3.4 Non-Seicrically Supported Pipe

j Maximum gravity spans have been previously calculated using the
T'e twoequs.tiorts t ar minimum deflection sad stress requirements. n

equaticns a et se follhus:
,

I For minimum deflection: ,

i

4

n.h
384EI(,7jng3) (Eqn. 6.2-l'

3

Su
,

,

4

a minimum stress:.

i

4
82 (Eqn. 6.2-2){ g,h o (15001bs/ inch 2)

,

l

i

Where: E = Young's Modulus (psi)
I = Moment of Inertia (in')

(1bf/in)o = Weight per Unit Leng)thZ = Section Modulus (in

Table 6.2.3-2 shows maximum gravity support spacing with the
limitations as noted on the chart.
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6.2.3.3.5 Leak-Before-Break Considerations

See Foction 7.1.9 and Appendix 7A for leak-before-break (LBB)
considerations and analysis techniques.

6.2.3.4 Gano succort criteria

6.2.3.4.1 Gang Supported Pipe

The limitations for gang supports are analyzed piping equal to or
less than 8" NPS and 300*F. Larger pipe sizes have higher loads
making it impractical to design common supports.

6.2.3.4.2 Routing Gang Supported Pipe
!

Pipes that are routed in close proximity to each other should be -

lined up vertically or have BOP elevations the same to allow the
piping to be gang supported.

Tho largest piping should be closest to the wall with the smaller
piping cut into the room and at higher elevations. See Section
6.2.5.2 far Nrc information on constructability and piping design.

| Piping should be routed cicae to structures which can be used for
support attachment and group piping for common support.

Seismic and non-seismic piping interactions grouping should comply
with the requirements outlined in Section 6.2.3.5.2.6.

6.2.3.5 Non-9eismic Pioing

Non-seismic piping has not been analyzed to withstand an earthquake
and thus cannot be credited for operability during earthquake
conditions. Note that while non-safety related piping is generally
non-seismic, it may be seismically supported to prevent adverse
interactions with safety-related piping and equipment.

6.2.3.5.1 Routing Considerations

The following routing consideration should be taken into account
when routing non-seismic piping.

A. Non-seismic piping u;,ould be separated from seismic piping
to keep potential interactions to a minimum. If the
piping cannot be completely separated, it should be
located as far apart'as possible.

B. Non-seismic piping should not be located-above seismic
components (i.e., piping, equipment, cable trays,
ductwork).
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i C. Seismic piping should not be routed in areas wnere walls,
stairwells, and other supports are not seismically
supported.

,

; D. Non-seismic piping should not be located above seismic
i valve operators.

: E. Non-seismic piping, where possible, should not be routed
I in rooms containing safety-related equipment. When non-
]'

seismic piping is located in these areas, it should not be
routed above the equipment.

6.2.3.5.2 Interaction Analysis-

,

| The following are assumed failures as a result of a seismic event
and should be used to determine the reaction of non-seismic piping

: on other seismic components and structuros. This criteria deals
only with the physical effects of a non-seismic pipe falling,

j 6.2.3.5.2.1 Non-Seismic Cable Tray and HVAC Duct

These guidelines deal with non-seismic piping interactions.
i Failure of non-seismic cable trays, ductwork, and stairwells are

not considered but if there is a possibility of an interaction'

involving these components, they should be assumed to fail.

6.2.3.5.2.2 Hangers
,

All non-seismic hangers should be assumed to fail instantaneously.
.

6.2.3.5.2.3 Mechanical Connections-

All flanges and bolted connettions should be assumed to fail,y

; allowing each section of piping to fall independently.
1

6.2.3.5.2.4 Rigid Constraint

Welded piping should be assumed to fail at all '.gidly constrained
piping locations such as seismic structures, tanks, and equipment
unless shown to be sufficiently supported.

Non-seismic piping which is supported by or within a seismic
structure and is within the suggested pipe support spacing of Table
6.2.3-2 (Table 121.5 of ASME B31.1), should be considered to lose
pressure boundary but not sever and fall.

A31 cases outside of the limits of Table 6.2.3-2 should be assumed
to fail.

-
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6.2.3.5.2.5 Piping Area of Influence

All moderate energy piping should be assumed to fall vertically
downward from its original position. Side motion should be assumed
to be s6 inches (centerline to centerline) from the original pipe
position. Pipe whip should be considered for high energy piping.

6.2.3.5.2.5.1 Arrest

Safety-related piping equal to or greater than the diameter of non-
seismic piping may be assumed to stop the downward motion of non-
seismic piping.

6.2.3.5.2.6 Seismic /Non-Seismic Interaction

For seismic /non-seismic interfaces, the piping is assumed to fail
in the non-seismic piping beyond the last seismically designed
support.

6.2.3.5.3 Targets

when non-seismic piping is routed in the area of safety-related
equipment and seismic piping, all piping and equipment located
below the non-seismic piping and within the assumptions of Section
6.2.3.5.2 are potential targets.

6.2.3.5.4 Damage Assessment

No secondary interactions should be considered for damage
assessment for moderate energy piping. Only primary interactions
should be evaluated for damage.

6.2.3.5.4.1 Piping

All non-seismic piping, two and one-half-inch NPS and greater is
capable of damaging other piping equal to or less than its
diameter. Non-seismic piping, less than two and one-half inch NPS
and greater than one-inch NPS, should not be considered capable of
damaging any component except instrumentation devices and tubing,
flex-hose, and unsupported cables. Non-seismic piping, one-inch
NPS and less, should not be considered capable of damaging any
component. >

6.2.3.5.4.2 Valves

Valves without operators may be treated the same as piping.

6.2.3.5.4.3 Electrical Equipment and Instrumentation

Cables in seismic cable trays should be assumed to be damaged by
non-seismic piping greater than eight-inch NPS. Non-seismic piping
between four and eight-inch NPS should be assumed to damage cables
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I and cable trays if the piping centerline elevation is more than one
| foot above the cable tray top elevation.

6.2.3.5.4.4 Mechanical Equipment

For purposes of evaluating impact effects on mechanical Equipment
from piping interactions, four-inch NPS and greater piping should
be considered capable of damaging mechanical equipment.

| 6.2.3.5.5 Protection

6.2.3.5.5.1 Pipe Rerouting
!
! Adverse interactions with non-seismic piping should be eliminated

|
by rerouting the pipe if an acceptable alternate route can be i

i found. Alternate routes should incorporate applicable piping |
| layout criteria. ;

I l

|
6.2.3.5.5.2 Classification of Pipe Supports

| Supports for non-safety related piping may be upgraded to _a seismic
Category II classification. This upgrading includes the
requirement that the piping be seismically supported in order to

| protect safety-related equipment and systems.

6.2.3.5.5.3 Deflector Shields

Deflector shields may be designed around seismic systems to prevent
interaction. These shields should protect the seismic equipment
from any possible failura of non-seismic components. These shields
should be designed and constructed to seismic standards.

6.2.3.5.5.4 Impact Analysis

An analysis may be performed to estimate the amount of damage that
will occur when a non-seismic component fails. The impact load,

should be analyzed from a conservative standpoint and damage
potential determined. If no damage potential exists, no needs to
be taken.

6.2.3.6 Hydrostatic Testina Provisions for Steam Pipinq

, Gravity support provisions shall be providdd for water filling of
| steam lines for hydrostatic testing. Any provisions that are only

used for the testing (e.g., pinned hangers) should be specified to
allow return to the normal configuration following the hydrostatic
test.

|
!

I
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i

i

6.2,4 ALARA

: 6.2.4.1 General
i

Incorporating ALARA --inciples in the design phase is essential toc

minimizing personnen. radiation exposure over the life of the plant..

The following ALARA methods should be utilized in pipe routing.a

,

A. Routing should minimize required operation and maintenance
time in areas with high radiation levels.

B. Distance should be maximized between radiation sources and
personnel during operations and maintenance.

C. Low points and dead leg crud traps should be minimized.

D. Adequate shielding should be provided.

E. Evaporators should not be used.

F. Piping containing highly radioactive liquids and gases
should be routed in shielded pipe chases and trenches.

Implementation of these design methods is discussed further in the
following sections.

6.2.4.2 Radioactive P i r>p Routina

6.2.4.2.1 Ridiation Zones / Personnel Areas

During preliminary design, the plant is divided into several
radiction zones. These zones indicate maximum dose rates based on
normal operation of the station (i.e., location of high radioactive
major components, personnel pathways, and period of human
occupancy). Zone number designations can be found in CESSAR-DC,
Table 12.3-1. Generally, zone designation numbers increase as the
permissible level of occupancy decreases. These occupancy levels
vary from continuous occupancy, as is the case for areas outside
the plant, to infrequent occupancy around highly radioactive
sources.

6.2.4.2.2 Fluid Radiation Intensity

Radioactive piping differs in both degree of radioactivity and
density. Routing considerations vary- according to these ;

differences. The appropriate system description will aid in |

determining fluid density (gaseous, liquid, or slurry). This |
'

information can be used with the following sections to determine
proper routing considerations.

4
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:

!

: 6.2.4.2.2.1 Reactor Coolant Prior to Processing

Reactor coolant fluid prior to processing contains fission and'

corrosion products generated by the reactor and associated piping.
This fluid can be liquid or gaseous. Liquids are later processed i

; via degasification, demineralizers, filters and concentrators.,

Gases are filtered and released through the unit vent.

i 6.2.4.2.2.1.1 Pipe Area

Reactor coolant fluid prior to processing (both liquid an:. 3aseous)
should stay in the most infrequently occupied zone (Zone 5) but may

i

j enter the next lower zone (Zone 4) if its radiation level is within
the limits of hat zone.3

1

} 6.2.4.2.2.1.2 Pipe Configuration

Dead legs and lowered legs should be avoided in liquid lines
i because they collect radioactive particulates and thereby form-
4

localized " hot" spota in the system. Lowered legs are acceptable
4

i only when unavoidable and when lines are routed thrcugh

i inaccessible areas such as pipe chases. Gaseous lines are less

prone to be crud traps.
,

Valves should be oriented to prevent crud accumulation and to allow
: drainage (liquid lines only).
1

) 6.2.4.2.2.2 Spent Resins

Spent resins are slurries, usually of radioactive particulates and!
i

isotopes that have been processed out of reactor coolant fluid.
Resins are removed from the demineralizer during sluicing

operations. Spent resins are typically the most radioactive of allt

.

fluids in the plant.
,

( 6.2.4.2.2.2.1 Pipe Area

The layout of piping for spent resins should be confined to the
most infrequently occupied areas .of the plant (Zone 5) . Any
deviation of this layout consideration constitutes a potential-

i radiation concern.

t 6.2.4.2.2.2.2 Pipe Configuration 1

Because of the slurry nature of resin lines, traps for particulates
i should not be designed into the lines. Any further concentration

would result in extreme levels of radioactivity, and possibly

i
restrict flow sufficiently to require manual clean-out. Such a,

i clean-out operation would expose personnel to an unnecessary

radiation dose. Suggested practices to avoid such particulate
traps in both radioactive and nonradioactive spent resin Aines are

|listed bt. low. !

|a
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A. The length of pipe run should be minimized; the most
direct routing permitted by zones should be used.

B. The number of fittings should be minimized.

C. Low points and dead legs should be minimized.

D. Piping should be sloped in the direction of flow.

E. SD pipe bends should be used where practical.

F. Butt welds should be used instea6 of socket wolds - socket
weld applications should be specified.

G. Laterals should be used wherever possible/ if tees ^are
unavoidable, orient branch above main run.

H. Cleanouts should be located every 20 feet except for
straight pipe runs where wider spacing is acceptable.

I. When reducers are necessary, eccentric reducers with the
flatside on the bottom should be used.

J. Valves should be oriented to prevent crud accumulation and
to allow drainage. Refer to Section 6.2.2 for specific

( valve information.

Lowered legs should be avoided in all radioactive piping. They
allow the buildup of crud deposits, and thereby concentrate
radiation. Lowered legs are acceptable only when unavoidable and
when lines are routed through inaccessible areas such as pipe
chases.

6.2.4.2.2.3 Diluted and Processed Fluid

Diluted radioactive fluid consists of the liquid waste which is
collected from the floor drains and valve stem leakoffs throughout
the station. Processed fluid is reactor coolant downstream of the
demineralizers and filters.

6.2.4.2.2.3.1 Pipe Area

Diluted radioactive fluid and processed reactor coolant fluid
should be confined to the most infrequently occupied zone (Zone 5)
and the first lower zone (Zone 4) but may pass through the second
lower zone (Zone 3) if its radiation level is within the limits for
that zone.

6.2.4.2.2.3.2 Pipe Configuratian

Diluted and processed radioactive fluid requires no special
configuration provisions.
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j 6.2.4.2.2.4 Concentrates

During processing, reactor coolant is passed through a concentrator
5 which boils off water thereby :oncentrating particulates.

Therefore, concontrate fluid is essentially concentrated reactor

|
coolant and should be treated accordingly.

.

! 6.2.4.2.2.4.1 Pipe Area

i Concentrates should be confined to the most infrequently occupied
j zone (Zone 5) of the plant.
i

j 6.2.4.2.2.4.2 Pipe Configuration
;

Dead legs should not be designed into concentrate lines, and clean-
outs should be oriented so as not to form crud traps.4

Valves should be oriented to prevent crud accumulation and to allow;

] drainage. Refer to Section 6.2.2 for specific valve information.
1

: 6.2.4.2.2.5 Post-LOCA Fluid
)
'

After a loss-of-coolant accident, i percentage of the radioactive
isotopes present in the fuel rods are assumed to be released into

j the coolant. The assumed release percentages result in post-LOCA '

fluids being even more highly radioactive than spent resins.

| 6.2.4.2.2.5.1 Pipe Area

Post-LOCA fluid piping should be limited to areas inside4

'

containment. If maintaining the fluid inside containment is not
; possible, it should be located in inaccessible arens of the highest

radiation zone classification. Refer to the post-LOCA zoning
drawings in CESSAR-DC, Section 12.3 for permissible areas. Post-
LOCA :one designations are contained in CESSAR-DC, Table 12.3-3.

; 6.2.4.2.2.5.2 Pipe Configuration

! The configuration constraints of Section 6.2.4.2.2.1.2 apply to
; post-LOCA piping.

6.2.4.2.3 Field Routing

3 Pipe which is field routed has its layout determined by
construction personnel. As such, field routed pipir.g has very
little design control of its layout. For this reason, field routed
piping of potentially radioactive lines is prohibited. For
specific considerations of field routed piping see Section 6.2.11.,

|
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6.2.4.3 Sleeve and openina Locarlon
!

!' Scattering _ and streaming are two -cases _ of radiation leaving a.
shielded area -due to di.scontinuities in thelshield-wall. ~ These'

factors shou'd be considered in the sleeve design.
;

; 6.2.4.3.1 Sleeve Selection-
!

f Sleeve selection into or out of a shielded area should be made with
! priority given to streaming. The sleeve should not be in a direct
! line with major radioactive components. This would give a direct-

: path for radiation out of shielded area. See Section 6.2.4.3.3 and
i Figures 6.2.4-1 and 6.2.4-2.
:

6.2.4.3.2- Scattering Considerations'

;

i I f- streaming is properly designed ,for,_ then scattering will
i generally'be insignificant.- The primary criteria, therefore;, will. '

! be to design against; streaming,
i
j 6.2.4.3.3 5'reamingiConsiderations
i

! Usual passages -for streamed radiation . are openings _ - to shiL1ded
i areas, unused sleeves, an-t any open space between a sleeve and what
$ i t allows through the shield. There are three considerations to
j avert streaming: See Figures 6.2.4-1_and1 6.2.4-2;
; -

-

i A. All shield area openings-should'be labyrinthed so that
! there is no direct path for radiation to follow out of the
; shield area.
.c ,

I B. Attention _ should be given to sleeve location. Sleeves
should not be placed in a direct. line with major;

: radioactive components, as this _could. allow a direct path
; for radiation to leave the shielded area,
!

I C. Close attention should be_given to theLusage of_ sleeves.
Spare sleeves should be filled after - the design and
erection in a particular area is complete, thus.

; eliminating them from consideration.

! 6.2.4.4= . general Plant Arrancement
,1

i All hazardous radiation sources should be located in ' shielded
areas. The primary consideration.is to-prevent'any'line of sight.

between normally accessed personnel 1 areasce.nd radiation sources.
Specific-considerations are. described below.

:

:

j .

!
t
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FIGURE'6.2.4-1
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Penetration # 3 is an improper location since it is in direct line
with the source and therefore results in excessive streaming..
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FIGURE 6.2.4-2

Radiation Streamino7
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Gamma-Ray;

The.above sketch shows " streaming _"' radiation through-a
doorway. - Locati~ons_1 and 2 indicate two possible areas
where the pipe near the doorway,could be! relocated to.
reduceistreaming.. ,

!
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6.2.4.4.1 Additional Shielding for High Radiation Components

High radiation level components (i.e., ion exchangers, filters,
tanks) require additional shielding. Shielded valve galleries
should also be considered.

6.2.4.4.2 Labyrinths

To prevent a line of sight between components in a shielded area
and a personnel area, labyrinths should be used in the design of
entrances to shielded areas.

6.2.4.4.3 Sleeves

Sleeves should be placed through shield walls in such a location as
to allow piping through the wall while minimizing streaming 'and
scattering.

6.2.4.4.4 Isolation of Components

Generally, to minimize personnel radiation exposure during
operations and. maintenance, only one radioactive component should
be located per room. When two components are located in the same
room Edditional radiation barriers should be considered and located
where practical. -

.

6.2.4.4.5 Pipe Chases

Pipe chases should be provided such that piping serving radioactive
components does not need to violar.e a radiation zone to reach the
component.

6.2.4.4.6 Sampling Rooms

Sa.npling areas should be separate from radioactive component rooms
so that personnel can sample system fluids with a minimum of
radiation exposure.

4

6.2.4.4.7 Curbing Around Tanks Containing Radioactive Liquid or
Slurries

Curbing should be placed around tanks containing radioactive liquid
or slurries to prevent the spread of contamination in the event of
a leak.

6.2.4.5 Maintenance considerations

Normal plant maintenance can constitute ' substantial personnel
radiation exposure. There are, however, design considerations that I
should be used to reduce this exposure. j

|
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6.2.4.5.1 Vendor-Specified Removal Space

As a minimum, the vendor removal space dimension should be
available at the component to be serviced. This ensures that the
component can be disassembled for servicing. Any additional
allowance for special tools should be used along with this removal
space requirements (see Figure 6.2.4-3).

6.2.4.5.2 Accessibility

Components requiring maintenance should be easily accessible. This
allows personnel to arrive and depart from the component quickly
with minimum exposure. For this reason, maintenance components
should never be located in radioactive pipe chases.

6.2.4.5.3 Equipment Separation in Compartments

Piping runs with components that require servicing should be
separated from other radioactive piping.

6.2.4.5.4 Non-Radioactive Piping and Components

Non-radioactive components requiring maintenance should not be
located in areas containing radioactive components. This will
allow personnel to maintain non-radioactive equipment without
receiving unnecessary personnel radiation exposure.

6.2.4.5.5 Direct Drive Fans

Direct drive fans should be used in areas of high radia* ion
minimize maintenance requirements and the resultant exposure.

6.2.4.6 valve Shieldina

6.2.4.6.1 Valve Galleries

For high radiation components, valves should be located in shielded
valve galleries to allow valve operation and maintenance away from
highly radioactive components.

!

6.2.4.6.2 Valve Operator Rooms

Valve operator rooms may be used to separate radioactive component
rooms and valve galleries so that valves remotely operated by reach
rods can be manipulated with shielding between the valve operator
and the radioactive valve (s) .

DRAFT 6-81 July 25, 1992 l

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

_ _ _ _ _ _ _ _



. . _ . . . . - -.

.

SYSTEM 80+" DESIGN CERTIFICATION
DISTRIBUTION SYSTEMS DESIGN GUIDE-'

3

FIGURE 6.2.4-3
i

Valve Pull Soace
4

:

Adequate space should be provided
to remove the topworks (bonnet,

yoke, stem) from the valve and-
perform necessary repairs.
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6.2.4.6.3 Remote Valve Operators

Remote valve operators may also be used to minimize personnel
exposure. However, valve operator maintenance should be considered
along with the radiation effects on elastomers and lubricants in

; the valve operator.

6.2.s.7 Mechanical Comeonents

Ill components which process radioactive fluids (gas or liquid) can
pose a radiation hazard. Specific considerations are described
below.

6.2.4.7.1 Pumps;

Pumps are generally a small radiation source. However, pumps 'are
,

a high maintenance item, and therefore, could contribute*

significantly to the total station dose. The following items
should be considered in order to minimize the dose rate.

6.2.4.7.1.1 Low Points

Low points should be minimized in suction lines for two reasons.
First, low points tend to collect radioactive particulates.
Second, suction lines cannot be drained during operation. These
combine to make suction line low points potential crud collectors.

6.2.4.7.1.2 Leakage

Leakage of pumps seals should be accounted for along with the
conditions of pump drains.

6.2.4.7.2 Heat Exchangers

Heat exchangers associated with radioactive systems are susceptible
to crud plateout on the tube side, leading to radiation
concentration. There is also the possibility of tube leakage,
which would contaminate otherwise nonradioactive- systems. Heat
exchangers should be designed to reduce maintenance exposure by
providing flushing and draining provisions and making the
radioactive fluid the lower pressure fluid. They should also be
separated or shielded from high maintenance items.

6.2.4.7.3 Demineralizers

Demineralizers remove radioactive - source materials by absorbing
them into a resin bed. Periodically, this resin is sluiced out and
replaced. Because demineralizers concentrate radioactive source
materials, they represent a substantial radiation exposure source.
Exposure during operation and maintenance should be minimized by

_ placing valves, motors, switches, and other items outside
demineralizer equipment rooms or behind shielded partitions.
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6.2.4.7.4 Tanks

Tanks associated with radioactive systems contain large volumes of
radioactive fluids. While the fluids themselves may not be highly
radioactive, the large volume, and any crud in the liquid, make the
tank a radiation source. Streaming and scattering usually
represent the primary exposure potential in these rooms. -The
design should consider serviceability in the same manner as
demineralizers.

Curbs should also be placed around tanks containing radioactive
fluid to minimize the spread of contamination in the event of a
leak.

6.2.4.7.5 Concentrators

Concentrators separate radioactive particulates from reactor
coolant water and concentrate them. As such they represent varying
degrees of radiation exposure potential. As these components are
often skid mounted, care should be taken to locate valves and other
maintenance' items away from the " hot" side of the skid.

6.2.4.7.6 Strainers

Strainers present a potential radiation source as they remove
relatively large chunks of material from the fluid and may warrant
shielding. The design should consider serviceability in the same
manner as demineralizers.

6.2.4.7.7 Filters

Filters remove moderate size particulates from the fluid, ' thereby
concentrating radiation. Filters, therefore, represent a radiation
hazard. The design should consider serviceability in the same
manner as demineralizers.

6.2.4.7.8 Valves

Valves should be located and oriented to minimize the potential of
crud traps. Some valve types are more prone to be crud traps and
should be considered in the valve selection. Care - should be
exercised to avoid placing valves near any highly radioactive
component. They should be in valve galleries whenever possible or
in areas of lower radiation dose rate and accessible for-
maintenance. For more'information of valve orientation to avoid
crud traps and facilitate drainage as well as valve descriptions,
see Section 6.2.2.

_

..
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6.2.4.8 Protection

6.2.4.8.1 Pipe Rerouting

Pipe rerouting may be required as the design progresses to satisfy
sometimes conflicting design considerations (see Section 6.2.4.2) .
From a purely economic viewpoint, rerouting during the design
process is generally the preferred method to minimize radioactive
pipe routing concerns. Other methods should be considered as
second alternatives. Rerouting may be required for any of the
following reasons.

6.2.4.8.1.1 Radiation Zone Violations

Several rerouting methods are possible for radiation zone
violations, each depending on the degree of violation.

A. Increase Separation Distance For cases where the-

radiation dose rate at the nearest personnel path is only
slightly higher than the allowable rate for-the zone in
question, an acceptable method is to increase- the
separation distance from the source to the personnel path.
This can be accomplished by raising or otherwise
relocating the pipe within the zone.

For cases where theB. Reroute Through Higher Zone -

radiation dose rate of the pipe in question is much higher
than the zone it is routed through, or it is not possible
to provide sufficient separation distance, rerouting the
pipe through a higher zone is the preferred method.

6.2.4.8.1.2 Streaming

Streaming can be minimized by routing pipe such that stresming from
large components cannot occur. This involves rerouting pipe and
locating sleeves so that there is no direct line from a cornponent
through the shield wall.

6.2.4.8.1./3 Crud Traps

Rerouting of pipe to eliminate crud traps can be accomplished by
revising layouts to satisfy the guidelines of Section
6.2.4.2.2.2.2.

'

6.2.4.8.2 Wall Construction-or Relocation

The construction of a wall solely to contain radiation is a !

possible method to increase radiation shielding. It is, however,
usually not practical unless all rerouting possibilities have been )
exhausted. If the wall has not yet been erected, the consequences !
of relocating the wall are lessened end could be more feasible than
relocating the pipe.

DRAFT 6-85 July 25, 1992
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6.2.4.8.3 Lead Shielding-

Construction of a lead shield.f to contain radiation is another
possible shielding method. This method should only be considered i

when rerouting of the piping is not practical. 1

6.2.5 CONSTRUCTABILITY |

14

! 6.2.5.1 Standard Comoonents

Standard components should be used to the maximum extent possible
for piping, fittings, valves, and supports (see Section 6.1.4.2) .

6.2.5.2 Pioe Assembly

6.2.5.2.1 Banked Piping Assemblies
3

(
j The requirements for the~ location of. piping _ assemblies in banked

piping differs for seismic and non-seismic.- For specific.4

guidelines on banked piping with analyzed piping.and gang supported,

.

piping interactions, refer to Section 6.2.3.4.

''
6.2.5.2.1.1 Field-Routed Piping

! For field-routed piping, field personnel prefer the largest pipe to
i- be closest to the wall with the smaller pipe out into the room and
i at a higher elevation. See Figure 6.2.5-1 for the preferred
: location of the piping arrangement and Section 6.2.3 for support-
i requirements.
;

{ 6.2.5.2.1.2 Piping in Trenches
t

|- Stacking of' pipe in a horizontal trench should- be . done from the
! bottom to the top beginning at the wall. . _T e center of the trenchh

should be left open to provide access to piping toward:the walls.,

i Clearance from walls, ceilings and-floors.should_be at_least 12
L inches for purposes of construction, maintenance and inspection..

~

For inservice inspection considerations for piping in trenches, see .
,

|
Section 6.2.6.5-and Figure 6.2.5-2.

:

[ 6.2.5.2.1.3 ' Elevations

! The' bottom elevation of non-seismic ~ piping _should-be kept the same
i to. facilitate the use of common hanger steel when. running banks.of
L piping (see Figure.6.2.5-3). See Section 6.2.3.4-for pipe routing-
i-- for supportability.

L
I( z

!

|
i:

!
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I FIGURE 6.2.5-1
1

!. Field Routina Conficturation
i
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; FIGURE ~6.2.5-2'
;

[ Pipe Trench Conficuration

e
4

[- . .

|' Section-in center of trench should-
! be left open to:' allow. access,

-

-

;
;

;

3 --
1

i ( 9 ,<

| 4
-- p 4).4 y

3 h.$
i L

|- ,,

*
v >

' >.g.
t

- s .
, , ,

p y

| -i l
7

;
3- ,3 , , ; ri

I - h. - 2 FEET - - 1
MINIMUM \- o 'A|

- *
.. .

8j. .

,
..i

; > , i -

* '
-

.

t a
'

t
.~ ' ;- . Ip .

- +
.

t p ,. A .*

.. -- t . - . i . - -,.

I
-

, t- 4 + + - ','a-- -

*b
,

\.i > -

p
..

>u-. .

->t 6:- . . _ , . . .

. *.a-.,'$;
. .

p g... ,

>. .p
:| . - > .,- : f- -- - 6-- . .

)
,

. ,.

.
-

. ,;
, ,

,-
6-

.

. '.
k-'* s.o;g.

..
-

.-
g.

_

. . . .

; ., . ..,. . .

f~-
.

."
- -; p , .* ' b,...? $ ,/

_-
- . _' s .

,

. -.

! '

;

j LARGER PIPE:
'

;. TOWARD WALL
:
!

! ' DRAFT- 6-88 July 25i 1992
.

i-

2
-- . . _ - . _ . _ . ,, U . m w 1..., --.,~.i,nh- , , , , ,, , . y , , , , , ,_,s.-.9.,,



_ . _ . _ _ . . _ _ _

i

) .

SYSTEM 80+" DESIGN CERTIFICATION-
~ ' ' DISTRIBUTION SYSTEMS DESIGN GUIDE
:
:!

FIGURE 6.2.5-3.

i-
| Common Succort Conficuration
i
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-

i~ --6.2.5.2.2 Pipe' Bends
i

L '6.2.5.2.2.1- Radius Bends
I

[ When designing long -radius ~ bends, .as in' the - Reactor Building,
i branches from the long radius bend to another_ 3D or 5D bend should

~

! be avoided. These -branches are_ very difficultLto fabricate'. A' tee
! should be installed in_ a tangent' area' with- the branch bend-

| connected to the' tee _ branch.

! 6.2,5'2.2.2 Sloped Piping
i
: If a piping system requires _a_ slope, the slope may be.obtained-if
[- butt welds or socket welds are used. - Specific slope considerations
j for socket welds and-butt welds are as described below.
1-

| 6.2.5.2.2.2'.1 Socket Weld Piping

f-
; Due to the geometry _ of a = socket weld fitting,, there is enough play _
;- between the pipe and fitting so that the pipe can be welded.into
j- the fitting at ' an- angle. If -a -~ greater slope is required, the
t inside of-the fitting may be ground.to 87.5% of.the nominal. wall
1 thickness. This will allow the pipe to_be welded at a. greater -

angle. When a slope is required,; which-cannot b_e obtained by one-;

| of the above methods,-the piping may' require a-bend.
2

f' 6.2.5.2.2.2.2 Butt ideld Piping

i
Fittings for butt weld pipe may be. mitered-in order to obtained a.

i slope in the pipe. The_ fit-up gap for the backing ring bevel gap
! in butt weld pipe may be maneuvered within tolerances to obtain a.

sloped pipe.

; 6.2.5.2.2.2.3 Arced Piping

| Arced piping _ should --not be additionally sloped. ' This requires
i forming a 2-plane bend, which is beyond the capabilities-of-field
: personnel, cnd also increases-the radius- of- the original arced

- pipe.

[ 6.2.5.2.2.3 Bend Constraints
i

j- - 6.2.5.2.2.3.1 Bend Clearances-
| .

. .

.

.

_

.

-

( Fittings, equipment, and connections should_notibe|placed-within
_

j- six inches of the' tangent; to the bend radius -(see Figure 6.2.5-4) .

[ - 6.2.5.2.2.3.2- Bend Deflection-

;. - Bends should.not be specified unless- the Jmaximum ' deflection is.

| greater than one-inch, which is' generally the tolerance for. field

U
n
i
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i

personnel to-form theses bends. Table 6.2.5-1 lists the radius of_
j a bend and_the angle _where the-deflection becomes one inch..

6.2.5.3 Construction Assembiv

| 6.2.5.3.1 Layout
i

6.2.5.3.1.1 Fitting-to-Fitting Restrictions-
.

i
| From a field fabrication standpoint, fitting-to-fitting connections

| should be eliminated since they do not. allow any adjustment during
; fit-up. This is especially true when the piping passes through a-
| wall or floor (See Figure 6.2.5-5).
1

[ The following restrictions apply to fitting-to-fitting connectio.ns:
:'
! A. Elbows should only be connected to spool-pieces, other

| elbows, or-reducers.
1

L B.- Reductions in line size of 4:1 or-more should be done in
} at least.two: steps with-spool pieces in between.
;

C. ASME Class 1, 2, and 3 piping shouldIhave a spool piece2

between all' fittings.with a minimum length of 6 inches.
p
i 6.2.5.3.1.2 Spool Pieces .

i
I 6.2.5,3.1.2.1 Construction Fit-up

I' Piping layout should include a large enough_ spool-piece to-allow-
|- for: (1) -adjustment- during fit-up, especially_ in the case of
~

= equipment hook-ups, (2) flexibility to adjust for thermal _ growth,
i and (3) construction tolerances - (see Figure 6.2.5-6) .-- .

!

|- 6.2.5.3.1.2.2 Minimum Spool' Pieces

The following should have a 6" minimum spool' piece:

i )

!_ A. Piping discontinuities (see =Section 6.2. 6.4) .
!-

! B.- Fitting-to-fitting or fitting-to-component ' configurations-
< ~ (see Section 6.2. 3.1.3) . - o
i !

[ C. Adjacent valves to serve as a weld ! safe. See Figure-
6.2.5-7 and'Section 6.2.6.4.

~

D. Traceability.information and overlapping;of fillet welds
; on socket weld pipe (see; Figure 6.2.5-8) ~.

A minimum 6" spool ~ piece should be used for small diameter pipe (6"
; NPS or'less) and a 6" to 12" minimum spoo1~ piece for NPSjlarger
i than 6".
e i

!
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TABLE 6.2.5-1 y

Bend Radius

-

-R S 0-

120' (1440") 9 ' -d " 4.3*
-

,

115' (1380") 8 ' -10 " 4.4'

110' (1320") 8'-8" 4.5' Deflection = 1"

105' (12 6 0 ") - 8 ' -5 " 4.6' S

100' (1200") 8'-2" 4.7*

95' (1140") 8'-0" 4.8'
'

90' (1080") 7'-8" 4.9' " 'R

85' (1020") - 7 ' -7 " 5.1'

80' ( 960") 7'-3" 5.2*

75' ( 900") 7'-1" 5.4'

70' ( 840") 6 ' -10 " 5.6'
8'

65' ( 780") 6 ' -7 " 5.8'

60' ( 720") 6' -3 " 6.0*

55' ( 660") 6 ' -1 " - 6.3*

50' ( 600") 5'-9" 6.6'

| 45' ( 540") 5'-6" 7.O' -R = Radius

| 40' ( 480") 5'-2" 7.4'- 0 = Angle-

t

i
;

i |- 1
;

* * ~ A inl' (
! / g T h

-

| DEFLECTION'< 1"
~~

~~

!

I BEND DOES NOT-<

NEED TO BE ;

SPECIFIED-
, 1 l
!

i

h-
,

-=
.

L,

p-

i
-

--

t.
,
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1

FIGURE 6.2.5-4 =
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FIGURF. 6.2.5-5
,
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FIGURE 6.2.5-6.
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' FIGURE 6.2.5-7
4
..
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FIGURE 6.2.5-8-
1
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i 6.2.5.3.2 Equipment
!
A

j , 6.2.5.3.2.1; Equipment End Connections
f

; All valve-and equipment connections -should be checked against the >

~ manufacturer's drawing to ensure that the nozzle.is of the same-
2 schedule as the pipe and the same type of connection -(flange, butt:

.

| weld, socket weld) . A transition piece should - be provided .if -
3 necessary.
4
s

6.2.5.3.3 Tolerances
j

,

Tolerances should provide adequate flexibility for field.

installation. Spool pieces-in three directions.are a method-to *

,

i prevent tolerances from being overly restrictive '(see Figure
*

f 6.2.5-7)
!

j 6.2.5.3.4 Weld Types

) 6.2.5.3.4.1 Field Welding Provisions
\ .

. .

I- Field welding is performed under-less. controlled conditions'-than
i shop welds. Adequate fit-up tolerances should-be provided so as to
1 not make erection overly restrictive, thus requiring excessive

field changes.
9

} 6.2.5.3.4.2 Minimize Field-Welds
I -

conditions for field welding,. fieldDue to the less controlled ,

welds should be minimized where,possible.
;

'

i 6.2.5.3.4.3 Butt Welds
?

! Butt welds are standard in'p_iping greater than 2" NPS,.but may be-

;. used in smaller = piping where there = is the potential ifor crud
! buildup. The minimum size for butt welds should;be _1" -_ (see Section-
| 6.2.4.2.2.2).
!

! 6.2.5.3.5 Insulation Allowances
.! ..

i Allowances - should be _ provided -.for_ insulation. For . removable -
{ insulation (reflective,_ blanket), access and clearance should:also
ji be adequate for -. insulation . removal and replacement. : Additional _ i
;: clearance should-also be provided to prevent contact of1 adjoining
i piping ano. insulation under maximum allowable thermal movement ~.
. -

j

!

t 6.2.5.4 Accessibility for Construction

;.-

|
6.2.5.4.1. Clearance-

! A. Adequate ~ clearance should be . given at all points ' for
j. weldirg, inspection, testing and maintenance. Typically,

!,

,

I
i
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at least 12** of clearance isineeded from walls, ri] ors,
and ceilings - For seismic piping, a~-clearance--of-- at -least
18" should be left for-installing snubbers. If the piping
is ASME - Class 1, 2,.or 3, _ Section - 6. 2. 6. 3 gives the
minimum clearances. For= piping support' considerations,
see section 6.2.3.1.2 for clearances.

B. When-locating equipment, theLneeded for installing studs
and flanges around equipment should be considered.

C. An envelope should be left around piping and: structures,
depending on. diameters,. for the installation of
insulation.

s
6.2.5.4.2 Flanges

,

A. Flange connections should be used for all high maintenance
equipment .for easy removal. All - connections' to the-
equipment-should-be flanged, not*iust major connections.
Equipment with lower maintenance priority may have welded
connections.

~

B. -When flanging equipment that is frequently disassembled,
laydown consequences should be considered. _ Flanges should'
be- placed so as to permit the part to be laid down without -
damaging the - piping or equipment -(see Figure 6.2.5-9) .

6.2.5.4.3 Valves / Isolation

When designing piping and locating valv'. the orientation-of the-
valve and space -required for- instai. tion,- operation, and
maintenance should be considered (see Section 6.2.2) .

6.2.5.4.4 Door Swing Space-

When designing piping in the area-of control cabinets, door _ swing _-
space should be considered.

6.2'.5.4.5 Testing Provisions

Testing-provisions are described in Section 6.'2'.7.
,

6.2.5.4.6 Inspection Provisions

Inspection provisions are described.in:Section-6.2.6.
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FIGURE 6.2.5-9
,
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j 6.2.6 ACCESS!BILITY FOR INSERVICE. INSPECTION.-

I Inservice inspection -(ISI) -involves' four; main . examination

i procedures: (1) _ visual examinations, (2) surface examinations, (3)

i- volumetric examinations and- (4)- pressure testing. Most ASME Class
_

j' 1 and_2 components require a_ combination of the four types of_
j inspection, while Class - 3 - components - require - only visual and
i pressure examinations. This also. includes preservice-inspections

} (PSI) prior to placing the system in service.
.

I In order to perform inservice. inspection, the layout and design of
j the piping should provide adequate access-to the various ASME Class
j 1, 2, and 3 components. This section describes _ minimum' spacing

j requirements needed_to perform inservice inspection.
1 . - . '

i 6.2.6.1 Clearance For Insoection'Ecuipment
2

! Provision for placement of inspection equipment _ should be provided -

j for all ASME Class 1, 2, and 3-riping.

f. 6.2.6.2 Parallel Pipe-Seacine

1

; For ASME Class 1, 2, and 3 piping, the. piping _ design and layout
should provide the following clearance between pipes:

_

| A. For piping (including necessary insulation)-with an OD'of
! 9 inches or.less, an minimum envelope ofJ (1. 3 3 - x - OD)
j should be left around - the . pipe, separating it from
j parallel piping. For ease in design calculations, 1.5

[ (OD) is an acceptable design value ~(see- Figure 6.2.6-1) .
!

; B. For piping (including necessary insulation) with an-OD
'

greater than 9 . inches, a- 12- inch parallel spacing
-

requirement should be used. Additionally, a-2 foot square
: area should be maintained above and below the_ piping _for
! visual inspection'.
i - -

1 C. The separation requirements for the' larger line-including
! necessary insulation sh'ould - be used -when - different line-

i sizes are-run parallel.

I 6.2.6.3- Structural Clearance
1

! The minimum al]owable distance from floors, ceilings,. and walls for
.

j piping should .'be in accordance with the values given in Table
i 6.2.6-1. This piping may or may - not contain insulation ~. The-

minimum distance designated here will be free _-space between theE

structure and the outside of the piping insulation. See Section; -

] 6.2.3-on support / restraint requirements.

!

:
f

i-
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6.2.6.4 Discontinuities

The following requirements apply to all ASME Class 1, 2, and 3
piping in order to meet inspection requirements.

Piping discontinuities are items that break-up linear runs of
piping, such as tees, elbows, valves, and other fittings. These

,

discontinuities should not be joined directly together. There
should be a minimum spacing of six inches between discontinuities.
This space allows a clear sound path for ultrasonic inspection of
the joining welds. Support requirements and constructability
requirements also necessitate this six-inch minimum spacing. Note
that not all fitting-to-fitting designs are undesirable; however,
for ASME Class 1, 2, and 3 piping, no fitting-to-fitting
configurations should be used. Examples of spacing requirements
for several piping discontinuities are given in Figure 6.2.6-2.

6.2.6.5 Pine Chases and Trenches

In horizontal and vertical pipe chases, the piping layout should be
'

in accordance with constructability requirements as provided in
i Section 6.2.5.2.1.2. Only ASME Class 2 and 3 piping should be
; placed in chases and trenches; Class 1 piping should not be

located in chases or trenches.

6.2.6.5.1 Horizontal Pipe Chase
.

s

Class 2 and 3 piping should be run in the lower third of horizontal-

pipe chases and near the access aisle to allow for inservice
inspection. The spacing requirements of Section 6.2.6.2 should be
met, except where other criteria (i.e., interactions or support /
restraints) will affect them. Access aisle width should be at
least 3 feet (see Figure 6. 2. 6-3) .

6.2.6.5.2 Vertical Pipe Chase.

ASME Class 2 and 3 piping should Ia run in close proximity to the
ladder provided for access. The pipe spacing requirements of

,

Section 6.2.6.2 should be met. See Figure 6. 2. 6-4 for allowable
zones. Access around the ladder should be 3 feet.

6.2.6.5.3 Trenches

ASME Class 2 and 3 piping should be run in the top third of the
trench with priority to accessibility given to Class 2 piping.
Section 6.2.6.2 spacing requirements only apply for Class 2 piping
as Class 3 piping can be pressure tested in the trenches. The
access area should be 3 feet in width (see Figure 6.2. 6-5) .
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TABLE 6.2.6-1

Minimum Structural clearance

d
$'y

INSULATION CEILING
IF NECESSARY f X % FLOOR

1/4 WALLa

.

Eb
%

PIPE OD INCLUDING CLASS 1 AND 2 CLASS 3
TNSULATION PIPING "X" (In)_ PIPING "X" (In)

1" 12" 12"

2" 12" 12"
3" 12" 12"
4" 12" 12"

* 3" 12" 12"

6" 12" 12"

8" 12" 12"

10" 14" 12"

12" 18" '2".

14" 18" 14"

16" 18" 16"
18" 18" 16"
20" 18" 16"

2 24" 18" 18"

Non-stancard pipe size.*
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<

; A
I FIGURE 6.2.6-1 *
i

Parallel Pioe Soacina
-

, M
! m.
, ._

| V
1

! @ l.33(OD) @ f.33 (O.D.) _@__

$ 9 INCHES ~ ' 24"_
,

,

24" MINIMUM'

VERTICAL
SPACING FOR

|
A . OD 2 10"

|

,lIMI 12' MIN,

! , -

'

i

kN
! DISSIMILAR4

PIPE SIZES

-,

USE SPACING REQUIREMENTS
I| FOR PIPE WITH LARGER OD
,

s

k
Outside diameter includes insulation.Note:'

!
'

,

:
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2

i FIGURE 6.2.6-2
'
,
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FIGURE t, . 2. 6-3
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i- FIGURE 6.2.6-5
i
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6.2.6.6 Insulation.

'

Proper design of component insulation can greatly improve the ease :

and time required for inspection. Where used, reflective
i insulation should be designed for ease of removal and replacement
j to allow access to welds in order to meet ALARA standards.
,

j 6.2.6.7 Guard Pipe Interference
,

j At present, there are no inservice inspection requirements for
guard pipe; however, the guard pipe should not prohibit access to

: the process piping. Figure 6.2.6-6 illustrates inspection
requirements for a ASME Class 1, 2, or 3 process pipe enclosed in2

I a guard pipe.
1

i 6.2.6.8 Penetrations

; 6.2.6.8.1 Containment Penetrations 1

1
'

The containment isolation valves should be located no closer than
j six inchee t4 the containment penetrations.

j The cbility to inservice inspect containment penetration piping is
a function of penetration design. The attachment welds to the

: penetrations should be inspected and therefore should be
accessible. See Figure 6.2.6-7 for an example of containment-

penetration weld access.

! 6.2.6,0.2 Wall and Sleeve Requirements

! Where it is necessary to run piping through walls, welds should be
avoided adjacent to and within wall sleeves. Access should be'

j provided for a distance of at least 3t (t = pipe wall thickness)
and a minimum of 6 '.nches on either side of the weld. Where systemj

requirements dictate a weld adjacent to or within a wall
penetration, an annulus of at least 6 inches around the pipe should
be provided. In all cases, the annulus should provide at least a
30* projection from the weld centerline to the containment barrier.

Supports for piping at penetrations should also consider inspection
accessibility. Supportability of the 1tems such as in Figure
6.2.6-C is also necessary, therefore, the use of removable supports

,

may be warranted in order to provide accessibility to these areas.
'

6.2.7 TESTIMG PROVISIONS

Testing-includes both preservice (i.e., hydrostatic and operability
testing) and periodic inservice testing (IST). Provisions should-
be provided in the design and routing to-allow this testing. These
provisions include bypass lines / valves, isolation valves, drains,
and vents, as described below. ;

,
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FIGURE 6.2.6-6
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FIGURE 6.2.6-7
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FIGURE 6.2.6-8 |

:.
Access.for Walls and Sleeves !,

>

[ ,

!

!
1

1 1

1
'

}
-

.

: ,.

kk'
i ?EE SECTION |

1 6.2.6.8.2 j
| 4 -

+

! i
e

i e m
4

.. 30
?$.5A. f

'

.YN.V
a

'

I ,A 4, g- 6"-MINIMUM

( 8
-

,
',

: 0 )
.

| WELD CENTERLINEI ,

@ %.ki -
. . .
.

,
,

*
,

!'

h. t

g .

,

I

,

i
.

. DRAFT 6-111 July 25, 1992

- __ _ _ -..- _. _ ._. . . _ . . , . . - - - . . _ _ . . . _ . _ . . . - . _ . _ _ . . , . - . _....,._ .._._ __ _ _.._._,



_ _ _ _ - - - _ - _ .

,

SYSTEM 80+" DESIGN CERTIFICATION
DISTRICUTION SYSTEMS DESIGN GUIDE

6.2.7.1 Presarvice Testino

Preservice testing is performed prior to the system being placed in
service to ensure system design requirements are met. Preservice
testing requirements are governed by the applicable piping code:
ASME Doller and Pressure Vessel Code for ASME Class 1, 2, and 3
piping / and ASME B31.1 for non-safety related piping.

6.2.7.1.1 Hydrostatic Testing

Prior to being placed in service, hydrostatic testing of the piping
system is required per the applicable piping code. This testing
requires filling the system with water, pressurizing to greater
than the maximum operating pressure, and checking the system for
leaks at welds, flanges, and other seams. The following provisions
are required to perform this testing. '

6.2.7.1.1.1 High Point Vents

To allow filling of the system with water, high point vents are
required. These connections may also be used to provide venting
capability during the hydrostatic test. These vents may also be
used when refilling the system following maintenance.

6.2.7.1.1.2 Low Point Drains -

Low point drains are primarily used for system draining and
flushing for maintenance, but may also be used for the-hydrostatic
pump connection.

6.2.7.1.1.3 Instrumentation

As a minimum, pressure instrumentation is required during the
hydrostatic test. For hydrostatic testing cf isolated sections of
the system, instrumentation testing connections may be used.

6.2.7.1.1.4 Isolation

Isolation capability is required to set the testing boundaries
using valves, blank flanges, and other isolation methods.

6.2.7.1.1.5 Steam ?iping

The water filling of steam piping imposes a larger than normal
gravity load on the piping and supports. This additional loading
shall be considered'in the design and could warrant features such
.as temporary supports, and pinned hangers.

6.2.7.1.2 Operability Testing

Operability testing ensures that the system will perform as
designed. Primarily, instrumentation is required to verify system
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.

parameters such as flow and cooling. Testing connections may be
;

; used for temporary instrumentation requirements.
;

6.2.7.1.3 Inservice Tecting
1

Periodic inservice testing (IST) is required for ASME Class 1, 2,
and 3 components in accordante with ASME Boiler and Pressure Vessel
Code, Section XI. Provisions for required IST should be considered
throughout the design und routing, as described below.

;

! 6.2.7.1.3.1 Bypass / Isolation capability

Some IST is required during plant operation and requires isolation
and/or hypassing the component to be tested. These provisions
include testing stations, and close proximity valve / component4

operations wherever practical. These provisions should support
i ALARA goals and minimize / eliminate technical specification

challenges by minimizing the number, and the time required with
components nor4-operable to perform the testing.

6.2.7.1.3.2 Full-Flow Pump Testing

A System 80+ design goal is to provide full-flow test capability
for all ASME Class 1, 2 and 3 pumps. Proper system design,

(bypass lines, isolation valves, etc.) and routing are required to
meet this goal.

6.2.7.1.3.3 Instrumentation

Adequate instrumentation and its proper placement are required to
monitor IST parameters such as pump flow and pump differential
pressure.

6.2.7.1.3.4 Accessibility

Accessibility should be provided for required IST. This access is
needed to perform valve lineups, place test equipment, and
instrumentation monitoring.

6.2.8 EROSION / CORROSION PIPE WALL THINNING PROVISIONS

Erosion / corrosion wall thinning of carbon steel piping has caused
extensive piping replacements and unplanned shutdowns at existing
nuclear power plants. In addition to the material selection and
piping schedule (see Section 4.2.1.3.5.2), proper pipo routing is
vital to minimize pipe wall thinning degradation.

|
1
|

I

,
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i

6.2.8.1 Routino Guidatinen

6.2.8.1.1 Dry Steam Pipe Routing Guidelines

Erosion / corrosion wall thinning of steam piping is primarily due to#

impingement of water droplets in the high velocity steam. Since
dry steam is not susceptibic to erosion / corrosion, the primary

; routing guideline in dry steam lines (e.g., Main Steam) is to
minimize low points and provide moisture removal at the 1.ow points
in the piping.

6.2.8.1.2 Wet Steam Pipe Routing Guidelines

Wet steam piping (e.g., Extraction Steam) is susceptible to
erosion / corrosion and should be routed to minimize moisture droplet
impingement. The following guidelines can be used to achieve this:'

,

A. Minimize long runs of straight pipe ending in an elbow.

B. Route equipment inlet and outlet piping so as to minimize
impingement damage to the piping and equipment.

C. Minimize flow restrictions which will further accelerate
the wet steam, especially with close proximity to
downstream elbowa.

D. Consider laterals rather than tees.

E. Place piping takeoffs on the top of the main line to
minimize moisture carryover.

F. Minimize wet steam entering a tee from the branch.

! 6.2.8.1.3 Flashing Liquid Pipe Routing Guidelines

| Water lines with flow restrictions (i.e., orifices, control valves)
can experience flashing to steam or cavitation, causing very high'

. localized velocities immediately downstream of the restriction and
severe piping degradation. The primary method of damage prevention
should be proper valve and pipe material specification (see Section
4.2.1.3.5.2). Degradatier can also be reduced by placing several
pipe diameters _ of straight pipe immediately downstream of the
restriction, or by increasing the downstream pipe dialueter.

Note that normally closed valves with large differential pressure
are also susceptible to water flashing degradation due to valve
leakage. Pump recirculation lines to the condenser are especially
susceptible. The same' methods described above should be used to
reduce the pipe wall thinning potential. Also, the isolation valve
should be placed as close as'possible to the -condenser with no
downstream directional changes,

,

i
l
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6.2.8.1.4 Liquid Pipe Routing Guidelines

For liquid piping systems with fluid and material properties making
it susceptible to erosion / corrosion, the piping should be routed to ;

'

preclude high localized water velocities. This is mainly
accomplished by minimizing close proximity fittings, especially
downstream of tee branch connections.

6.2.8.2 Pipe Wall Thinnino Inspection Provisions

Piping systems susceptible to pipe wall thinning should be included
in the plant pipe wall thinning inspection program. Accessibility
for inspection (ultrasonic or internal) should be considered in the
routing. Items to consider include:

Accessibility*

Scaffolding erection*

Use of removable insulation*

6.2.8.3 Manway Access for Internal Inspections

For large bore piping requiring internal inspection, adequate
manway access should be provided.

6.2.9 WATER / STEAM HAMMER PREVENTION

Water and steam hammer has caused piping and piping support damage,
and unplanned shutdowns at existing nuclear power plants. Proper
design and pipe routing is vital to mirimize damage during
transients over the life of the plant. Water hammer and steam
hammer can be minimized by the following pipe routing features.

6.2.9.1 vertical Pipino Loco Minimization

For liquid lines which are close to saturation conditions, or that
encounter sizable pressure changes during transients, vertical
piping loops should be avoided. These configurations provide an
area for steam formation and collapse and the resulting water
hammer.

6.2.9.2 Hich Point Ventina Provisions

Venting provisions should be provided at piping high points to ,

prevent air pockets during system startup or transients. )
i,
'

6.2.9.2 Condensate Removal From steam Pioirm

For steam piping, low points should be minimized and condensate
removal provisions should be provided at those low points.
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6.2.10 THERMAL STRATIFICATION MINIMIZATION

Thermal stratification occurs when low (laminar) flow occurs with
large thermal gradients in the horizontal piping. This condition
can be minimized by reducing long horizontal runs of pipe with
large temperature changes, or by reducing the potential temperature
difference by system design changes.

6.2.11 FIELD ROUTED LINES

Field routed lines are those lines and associated components which
have their layout determined by field personnel. Engineering
personnel may stipulate connection points and general guidelines,
but the bulk of the layout is done in the field. . it is much lessBecause there is
little design input into this type of line,
expensive to install than lines with detailed. design input. -From
a commercial standpoint, field-routed lines are very desirable. On-
the other hand, the reduced control by design personnel in locating -.

these lines could later lead to interferences with other piping
design routes.

6.2.11.1 Scor>e

All of the following restrictions should be met _for any piping to-
be considered for field routing:

Non-nuclear Safety (NNS) class*

Operates less than 150*F and 275 psig*

2 inches or less NPS, or any size tubing*

Information to make this determination ~can be found on the flow
diagrams. Note that portions of systems as' well as entire systems,
can be field routed.

The above described lines could be further restricted by system
turnover dates. Systems required early during construction which
are candidates for field routing should be - designed to avoid
interferences with designed piping.
6.2.11.2 Field Routina Constraints
6.2.11.2.1 Non-Safety Related__

Safety-related. lines are necessary for safe shutdown of the
reactor. Because'of.their safety function they must be routed so
as to' be operational under emergency conditions. Due .to the-importance of safety-related-lines, -they shall.not be field routed.
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6.2.11.2.2 Cannot Interact With Safety Related Equipment

r*. eld routed lines cannot impair operation of safety-related
equipment. For this reason, 200'F and 275 psig limits shall not be
exceeded for field routed pipe in areas of the plant where safety-
related equipment is located. This is to avoid assessing the
interactions of a field routed high energy line with safety-related
items (piping operating over 200'F and 275 psig is considered high
energy). See Section 7.1.8.1 for more information.
For areas where there is no safety-related equipment, field routed
lines may operate at temperatures up to 300'F. This maximum
temperature 11 governed by stress analysis requirements.

6.2.11.2.3 Does Not Require Analysis

Piping operating at temperatures greater than 300'F should not be
field routed. The stress analysis required in piping with
operating temperatures above 300'F requires detailed layout
information that i= not available for field routed lines.
6.2.11.2.4 Cannot Carry Radioactive Fluids

Lines carrying radioactive fluids must be routed so as to avoid
possible excessive . ad.'.ation exposure . Possible hazards include
routing radioactive lines through personnel areas as well as the
formation of crud traps in lines. In order to avoid these
potential hazards, lines containing radioactive fluids shall not be
field routed.

6.2.11.2.5 Small Liameter

| The absence of detailed drawings for . field routed piping is a
potential cause of interferences with designed piping. Theset

interferences can-be minimized by selectively field routing small
| diameter lines. For purposes of this criteria, only two-inch and

| smaller lines can be field routed. This includes both piping and

| tubing.

6.2.11.2.6 Not Required EarAy In Construction

Even lines which meet all of the above fie,1d routing constraints
could be required be designed in some cases. These. systems would
be designed in order to meet early turnover dates. Designing these
systems is justified due to their. potential for interactions with

| designed piping during design and erection.

Representative system lists are cresented as a means to aid the
i engineer in his- determination of the affect of system turnover
'

schedules on lines which meet all other requirements for field-
routing constraints. These-lists are not all inclusive nor are
they definitive. They are meant to be used as a guide.

DRAFT 6-117 July 25, 1992

-- - .. .- .. - . _ - .



. ._ - - - - _

SYSTEN 80+* DESIGN CERTIFICATION
DISTRIBUTION SYSTEMS DESIGN GUIDE

The following is a list of the types of systems which have been
field routed in the past. However, since they were required to be
operational relatively early in the construction stages, they
caused interferences with designed piping, and thus should not be
field routed.

Demineralized Water*

Drinking Water*

Gas Systems - Nitrogen, Hydrogen, Oxygen, Carbon Dioxide*

Instrument Air*

Station Air*

Breathing Air+

Fire Protectiona

Conversely, the following list is comprised of systems which may be
field routed, and because of their relatively late turnover
schedule will result in few interferences.

Feedwater Seal Water*

Conventional Condensate Sampling*

Stator Cooling Water*

Condenser Tube Cleaning*

Chemical Addition*

Cooling Tower Chemistry*

Vacuum Priming*

In order to determine the effect of turnover schedules on the
applicability of field routing, consult the two lists above. If
the system in question is part of the latter list or if its

| turnover schedule is more in line with the latter list than the
former, then field routing of the system could be practical.

6.2.11.3 Field Routina Desian Recuirements

Design requirements should be specified on the field routing
drawir.g . The following are design requirements that could be
specified:

Sloping for drains*

Special fittings*

Sleeve locations*

Avoidance of dead legs or pockets*

Limitations of routing near equipment*

DRAFT 6-118 July 25, 1992

- _ _ _ . .- _ _ _ _ _



_ ___ __ . _ _ _ _..__ _ _

SYSTEM 80+" DESIGN CERTIFICATIONi _

DISTRIBUTION SYSTEMS DESIGN GUTDE;

:

Minimum dimensions*

Area access requirements*

6.2.11.4 Interface Reauirements
,

Field routed lines should not be connected directly to designed
piping. Enough of'the field routed line should be designed to

i ensure that it will not impart significant loading to tne designed
line. For purposes of this criteria, three spans of " field routedd
line should be designed at the interface. Typically, the first
support into the field routed pipe at the design pipe interface isi

'
analyzed as designed piping. The three spans also provide.a type

: of isolation between the designed piping and field routed piping.

If the three span requirement cannot be satisfied, the use of flex
hose may be permitted. However, flex hose is a high maintenance
item and a potential crud trap.

6.2.12 PUMP SUCTION PIPE ROUTING

Pump suction piping should be routed for minimum friction-loss to
maintain adequate NPSH to the pump. Generally, low velocity
(larger NPS) piping is used with a minimum number of elbows, tees,
and other flow restrictions (see Section 5. 2.1. 6.1) .
6.2.13 FLOOD PROTECTION >

Flood protection is required for all safety-related piping. In the
Nuclear Annex, divisional separation is required to ensure a
failure in one division does not affect redundant equipment in the
other division. Divisional cross-connects should be minimized, and
where cross-connects are required, they should be adequately sealed
to prevent propagation of the flooding to the other division.

|

In the Reactor Building subsphere, quadrant separation should be
maintained to ensure a moderate energy pipe break does not flood
ECCS equipment in the other quadrant in that division,

i

I
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a

!

7.0 DISTRIBUTION SYSTEMS ANALYSIS REQUIREMENTS

'
7.1 PTPING

7.1.1 GENERAL;

! Seismic Category I piping, as defined in CESSAR-DC,, Section 3.2.1,
| shall meet the analysis requirements of the ASME Boiler and
i Pressure Vessel (B&PV) Code, Section III, Subarticles NB-3650, NC-

3650, and ND-3650.

Seismic Category II piping, as defined in CESSAR-DC, Section 3.2.1,
should be analyzed to the same requirements as Category I piping.,

1 Category II requirements are conservative 1y' satisfied by analyzing,

the piping to the same criteria as Category I.
,

Non-Category I and II piping shall be designed to meet the
i requirements of ASME B31.1, Power Piping.
1

! The analysis requirements described in Section 7.1 apply only to I

Seismic Category I and II piping. Note that in some cases, other
analysis methods may be utilized, such as new analysis techniques.

and computer codes, where justified.,

;

J 7.1.2 DESIGN CONSIDERATIONS

7.1.2.1 Pressure,

,

The pipe wall thickness shall-be sized to accommodate the specified
internal pressures and meet the requirements of the ASME E&PV Code,

'

Section III, Subarticle 3640. Stresses due to the system design
pressures and maximum peak pressures should be included in the
acceptance criteria.

7.1.2.2 Gravity

The weight of-the pipe, in-line components, contents of the pipe
and insulation shall be included. The weight of water during
hydrostatic testing shall be considered for steam or air-filled
lines.

7.1.2.3 Thegmal

The effect of thermal expansion of the system due to the design
temperature shall be included. Possible oparating modes of the
system that will result in more severe thermal expansion stresses
than the entire system at design temperature should be considered.
The maximum operating temperature may be used in lieu of design
temperature where available.

The effects of anchor movement due to thermal expansion of
equipment, or other piping should be considered.
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7.1.2.4 Seismic

The ef fects of earthquake loading shall be considered. The inertia |
loads and movements, including earthquake anchor movements, and the
effects of fatigue shall be included in the analysis.

7.1.2.4.1 Seismic Anchor Movements

Seismic anchor motica shall be included for piping supported by
more than one structure by applying / 1) the building seismic
movements, and/or 2) equipment seismic movements, as support
movements on the pipe.

The support movements should be assumed in the most conservative i

combination for adjacent structures to give the maximum stress in i

the pipe, unless the relative time phasing of the motions of'the |

supporting structures or equipment is determined by simultaneous '

time history analyses. The effects of seismic anchor motion on the
,

piping should be incluced for the operating basis earthquake (CBE)|
only. Seismic anchor motion produces secondary stresses and shouldI

not be evaluated with the safe shutdown earthquake (SSE) except for
supports.

.

7.1.2.5 Wind / Tornado
:

Exposed piping shall be designed to withstand wind and tornado'

| loads. Simultaneous wind and tornado loads are not considered.

7.1.2.6 Fluid Transient Loadinos

7.1.2.6.1 Relief / Safety Valve Thrust

Valve thrust loads should be considered for both open and closed
| valve discharge cases. All thrust loads should first be considered
'

for their significance. If considered a significant transient,
steady state thrust loads should be applied to the piping system.
If determined insignificant, then thrust loads need not be applied.

! 7.1.2.6.2 Water and Steam Hammer
!

| Water and steam hammer are dynamic loadings on piping that are
| caused by a sudden change in momentum of the flow medium due to a

rapid system transient.'

|

Although hammer effects can potentially occur on any line where
valve closing time is less than 3 seconds, the effects on small
lines are generally negligible and only large lines with high

,

pressures, large flow rates, and very rapid closing valves need toi

be evaluated.

|
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7.1.2.6.3 Other Loadings

Other fluid transient loadings such as pump start, check valve
slam, and filling empty lines should also be considered.

7.1.2.7 Pipe Break Loads

Pipe break loadings can consist of pipe whip, jet impingement,
differential pressure, support movements, or temperature increases
resulting from the ropture of nearby pipes other than the line
under consideration.

7.1.2.8 Thermal Stratification

Piping subjected to stratified flow conditions should be evaluated,

for the effocts of thermal stratification.

7.1.2.9 Missile Loads

Piping subjected to the loads described in CESSAR-DC, Section 3.5.1
shall be evaluated for the effects of missiles.

7.1.3 DESIGN LOAD COMBINATIONS
,

Loading combinations, in accordance with CESSAR-DC, Section
3.9.3.1, applicable to ASME Class 1 piping shall be as detailed in
Tables 7.1.3-1 and 7.1.3-2.

Load combinations applicable to ASME Class 2 and 3 piping shall be
detailed in Table 7.1.3-3.

7.1.4 ANALYSIS

Static and dynamic analyses, as defined in this section, should be
based on linear elastic analysis methods.

7.1.4.1 Gravity Analysis

The gravity analysis shall include the weight of the pipe or piping
component, cae weight of the enclosed fluid, the weight of all
other sustained mechanical loads, and the weight of any attached
insulation. Also, if the system contents. vary during operation,
the analysis should consider all modes of operation. Weight due to
attached support / restraints should be included if determined to be
significant.

DRAFT 7-3 July 25, 1992



.. . . .

SYSTEM 80+5 DESIGN CERTIFICATION
DISTRIOUTION SYSTEMS DESIGN GUIDE

,

I TABLE 7.1.3-1

Desian Conditions and Load ccmbinations for ASME Class 1 Pining

2 ;
4

l

CONDITTON LOADS COMMENT,S
2

1. Design Condition Design Pressure
Weight
Other Sustained Mechanical
Loads
OBE Inertia (1/2 range)

2. Normal and Upset Range of Operating Combination used;

| Conditions (1) Pressure for Eq. 10, NB-
- (Reference Table Thermal Expansion and 3653.1 :

7.1.3-2, Notes 1 Transients I

,

i and 4) Anchor Movements (TAM,

] OBE, SAM, DFL)
f OBE Inertia
! Other Mechanical Loads

Dynamic Fluid Loads (2);

! Thermal Expansion Combination used
Thermal Anchor Movements for Eq. 12, NB-*

Thermal Transients 3653.6 (if
required)

;

| Weight Combination used
Other Sustained Mechanical for Eq. 13, NB-*

i Loads 3653.6 (if
OBE Inertia (1/2 range) required);

: Range of Operating
Pressures
Dynamic Fluic'. Loads (2)

3 3. Emergency Conditions Maximum Pressure
Weight*

! SSE Inertia (1/2 range) ,

| Other Sustained Mechanical
d Loads

Dynamic Fluid Loads (2)

1 4. Paulted Conditions Maximum Pressure
(3) Weight

4 SSE Inertia (1/2 range)
Other Sustained Mechanical'

. Loads
Pipe Rupture Loads
Dynamic Fluid Loads (2)4

!

| DRAFT 7-4 July 25, 1992
2

5

r- , --



_ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _ ._ _ __. ._. _ _ _ __ .

'
;

SYSTEM 80+" DESIGN CERTIFICATION
'

DISTRIBUTION SYSTEMS DESIGN GUIDE,

4

i

j TABLE 7.1.3-1 (Cont ' d)
4

Desian Conditions and Load Combinations for A9ME Class 1 Pipino

i

1

CONDITION LOADS COMMENTS
l '

5. Testing-Conditions Pressure, Temperature, and
,

Hydtostatic Test as
. defined in established4

; system tests

!

NOTES: -+

4

1. The method for analyzing Upset Conditions is the same as for>

Normal per NB-3654..

i 2. Dynamic Fluid Loads (DFL) are occasional loads such as
safety / relief valve thrust, steam hammer, water hammer or-okher
loads associated with Plant Upset or Faulted Condition as

,
applicable. The worst ccmbination of pressure, weight,

j sustained, seismic, and DFL loads should be checked.

! 3. Dynamic loads are combined by the square root of the sum of the
squares (SRSS).,

t

|
:

)

i
i
l

,

N

d

't
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TABI.E 7.1. 3-2

Code gpmnliance Criteria fer ASME Class 1 P itii no

CitECK FOR CODE
CONDITION STEP COMPLIANCE PER (0)

1. Design 1A Primary Stress Eq. 9/ND-3652
Conditions Intensity Limit

2. Normal and 2A.1 Primary Plus Eq. 10/NB-3653.1
Upset Secondary Stress (1)
Conditions Intensity Range
(5) (6)

2A.2 If Eq.10 is met, Eq. 11/NB-3653.2
calculate Peak (2)
Stress Intensity
Range (S,) . If
not, skip to Step i

2B.1 j
1

2A.3 Calculate San, = 1/2 S )
Alternating Stress NB-3653.3 ($) j

Intensity (Saa ) i

; 2A.4 Evaluate Cumulative t'B-3653.4, 3653.5

! Usage. If NB-3222. 4 (e) (5)
acceptable, proceed
to check Faulted
Conditions

4 2B.1 If Eq.10 is not met, Eq. 12/
perfnrm Simplified NB- 3 6 53 . f., ( a )

4 Elastic-Plastic
Discontinuity
Analysis (4)

2B.2 Check Primary Plus Eq. 13/
Secondary Stress NB-3653.6(b)
Intensity Range

2B.3 Calculate San, Eq. 14/-

: NB-3653.6(c) (3)

2B.4 Evaluate Cumulative NB-3653 4, 3653.5
Usage. If NB-3222. 4 (e) (5),

acceptable, proceed
to check Paulted
Conditions

.
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TADLE 7.1.3-2 (Cont ' d)

Code Compliance Criteria for ASME Class 1 Pipino

CHECK TOR CODE
CONDITION STEP COMPLIANCE PER (9)

3. Emergency
Conditions I.ATER

4. Faulted 4A Determine maximum App. F (8)
Conditions faulted pressure

4B Check Primary App. F (8)
Intensity Limit

5. Testing SA Check General NB-3226 (a)
Conditions (7) Primary Membrane

Stress Intensity ,

|
'

SB Check Primary NB-3226 (b)
Membrane Plus
Bending Stress
Intensity

SC Check External NB-3226 (c)
Pressure

SD Incorporate Test NB-3226 (d)
Condition into NB-3226 (e)
Fatigue Evaluation

NOTES:
1

1. If Eq. 10 is not met, the component may still be satisfactory
provided Eq. 12/ NB-3653.6 is met or the requirements of NB-3200
are satisfied.

2. The purpose of this equation is to calculate the value of S,
using the same load sets used to evaluate.Eq. 10.

3. Sm, is used in conjunction with the Design Fatigue Curves to
determine the allowable number of cycles per NB-3653.4.

4. Qualifying Normal / Upset Conditions using-the simplified Elastic-
Plastic Discontinuity Analysis per Eq. 12 is necessary only for
t"ints v>nt do not satisfy Eq. 10.
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TABLE 7.1.3-2 (Cont'd)
Code comoliance Criteria for ASME Class 1 Piping

5. The method for analyzing Upset conditions is the same as for
Normal per !!B-3654.

6. There limits must be satisfied for all possible ranges.

7. Alternatively, Test Conditions may be included as par' of Normal
and Upst' Conditions to be checked.

8. Articles referenced is taken from the ASME Boiler and Pressure
Vessel Code, Section III.

.

.

i

l

s

1

4

:

i
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| TABLE 7.1.3-3
|

] Desian Conditions, Load Combinations, and Code Compliance

| Criteria for ASME Class 2 and 3 Pipinq
i
)

i

| CHECK TOR CODE
CONDITION LOADS COMPLIAf1CE PER (5)

1. Normal
l

i a. Sustained Pressure Eq. 8, NC/ND-3652
| Loads (4) Weight (6)
1
. b. Thermal Thermal Expansion Eq. 10, NC/ND-3653.2
i Expansion Thermal Anchor (3)

Movements
'

c. Sustained Pressure Eq. 11, NC/ND-3653.2 l
i Loads + Weight (6) (3)

Thermal Thermal Expansion
Expansion Thermal Anchor

Movements

j 2. Upset Pressure Eq. 9, NC/ND-3653.1
Weight (6)

i DFL (2)
OBE (Inertia)4

| OBE (Anchor
4 Movements) (1)

or Wind (8)
' 3. Emergency Pressure Eq. 9, NC/ND-3652.1
'

Weight (6)
DFL (2)
SSE (Inertia)*

, or Tornado (8)
I
j 4. Faulted Pressure Eq. 9, NC/ND-3653.1
i Weight (6)

| Pipe Rupture
-

SSE (Inertia).

DFL (2)+

<

5. Functional Pressure See Note 7
; Capability ' Weight (6)

SSE (Inertia)
DFL (2)
Pipe Rupture

4
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TABLE 7.1.3-3 (Cont'd)
Desion Conditions, Load Combinations, and Code como11ance

Criteria f or yfj,5: Class 2 nnd 3 Pipina

NOTES:

1. Stresses due to seismic displacements such as anchor movements
i

may alternatively be considered as secondary stresses and
combined with thermal expansion in Eq. 10 or 11 and omitted from i

Eq. 9.
,

5 2. Dynamic Fluid Loads (DFL) are occasional loads such as
safety / relief valve thrust, steam hammer, water hammer or loads

; associated with Plant Upset or Paulted Condition as applicable.
;

j 3. Stresses must meet the requirements of either Eq. 10 or Eq. 11
(i.e., both conditions need not be satisfied),

i !
4. If, during operation, the system normally carries a medium other

than water (air, gas, s t e mn) , sustained loads should be checked
i

; for weight loads during hydrostatic testing as well as normal
operation weight loads.

5. Articles referenced f rom the ASME Boiler and Pressure Vessel4

Code, Section III.

6. Weight loads include all sustained Mechanical Loads.

7. Functic.el capability is not a standard loading condition as,

defined by the ASME Code. However, functional capability must be
maintained for ASME Class 2 and 3 stainless steel elbows. See
Appendix 78 for the acceptance criteria.

8. Wind and tornade loads are not combined with earthquake loading.

9. Dynamic loads are combined by the square root of the sum of the
squares (SRSS).

.
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7.1.4.2 Thermal Analysis

A thermal analysis of piping systems shall take into account forces
and moments resulting from expansion and contraction. For all
analyses, the ambient temperature should be taken to be 70'F.
Flexibility analyses should be based on the material property
values at the temperature under consideration. Therefore, the
analyses should be based on the value of Young's modulus at
temperature, Esos. ASME Code requires that stresses should be based
on E,,io . This may be accomplished by multiplying the analysis

j results by E,oi,Mn..

All possible operating modes should be evaluated to determine the
highest range of thermal expansion stress. The effects of anchor
movement due to thermal expansion of equipment or other piping
should also be considered.

7.1.4.2.1 Specific Thermal Requirements for Class 1 Piping

The thermal analysis tall include a check of the stress intensity-
range and shall eva.aa .e f atigue (as expressed by cumulative usage)
for all normal and upset operating temperature distributions, the
transient events experienced in going from one operating mode to
another, thermal anchor movements associated with the operating
conditions and transients, and all test conditions.

7.1.4.2.2 Thermal Stratification
,

riping systems with low flow rates and potentially subjected to
stratified flow may require evaluation for additional thermal
stresses due to thermal stratification. Stratified flow exists
when a hotter fluid flows over a colder region of-fluid. This
condition induces a vertical thermal gradient resulting in'

increased overall betiding stresses and localized thermal gradient
stresses.

A linear thermal gradient will cause a convex upward curvature, K,
in an unconstrained pipe equal to:

U
K= " D

(Eqn . 7.1-1)

Where: AT = T,,, - T,ot t. (with T,n, > T. . . )
Pipe outside diameterD =

Thermal expansion coefficient- a =

The resulting bending stresses should be calculated by allowing the
pipe to thermally expand unconstrained and then applying a set of
equal and opposite displacements at the rigid support points.
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3

If the temperature distribution in the pipe is nonlinaar, the above
curvature formula is only approximate and the nonlinear
distribution should be considered in terms of its effect on
curvature and local thermal stresses. This may be done by means of
a finite element analysis comprised of a heat transfer analysis to
determine the pipe wall temperature variation based on fluid
temperature, followed by a thermal stress analysis to determine the
initial pipe curvature and maximum stress intensity. This stress

I
intensity should then be used in Equation 11 of the ASME Boiler and |
Prosaura Vessel Code, Section III, Subsection ND-3650 as the
nonlinear through-wall temperature gradient stress. These analyses
consider botn steady state and transient conditions.

7.1.4.3 Seismic Annivsis

Seismic analysis of a piping system generally involves both dynamic
and static evaluations. A dynamic analysis is performed to
evaluate the inertia loads developed as the mass of the piping is
accelerated due to seismic motion. The static analysis is
performed to determine loading resulting from differential seismic
movements of structures or large lines to which piping is attached.

7.1.4.3.1 Static Analysis

Standard seismic analysis is a dynamic analysis using the modal
superposition and response spectrum method. The design response
spectra for earthquake grou! I motion indicate that at a frequency
higher than the frequency corresponding to t.he zero period
acceleration (ZPA), all mcdes respond like a rigid body without
amplification. This cut-off fr aency defines the rigid range. Ifw
a piping system is so rigidly supported that its ir 'e st natural

3

frequency is higher than the frequency correspond!r to the ZPA,
then the system will respond like a rigid body. The imum effect
is due to an inertia force equal to the maximum floot. 4 :celeration,
and therefore, a static analysis is sufficient for predicting the'

i maximum effect due to an earthquake,
i

The analysis is similar to a gravity anelysis. Attention should be
paid to the following points in performing the analysis:

| A. Inertia loads should be applied separrtely_in the x, y,
and z directions, and the results of the. 3 separate4

analyses combined by SRS.C . The accelerations are obtained
from the respective floor response spectra with values
corresponding to the zero period.

B. The active supports are seismic supports, rather than'

gravity supports (i.e., snubbers will be active and low
stiffness spring hangers inactive).
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7.1.4.3.2 Dynamic Analysis
7.1.4.3.2.1 Responso Spectrum Analysis '
7.1.4.3.2.1.1 General

The response of a flexible system to seismic forces depends uponits natural frequencies and the frequencb a of excitation. For
these systems, it is necessary to know the natural frequencies, and
the seismic orcitation which is usually defined as acceleration
response spectrum. The development of response spectra for piping
systems must be consistent with the goal of a standardized piping i

support system, stated in Section 6.2.3.1.

To determine the system natural frequencien, each pipe should be
idealized as a mathematical model consisting of lumped masses
connected by clastic members. Lumped mannen should be located at
carefully colected points in order to adequately represent the
dynamic and clastic characteristics of the pipe system. Using the
clastic proporties of the pipe, the flexibility for the pipe should
be determined. The flexibility calculations should include the
ef fects of torsional, bending, shear, and axial deformations (i.e. ,the degrees of freedom) . Node point spacing should be selected toobtain accurato dynamic results. As a minimum, the number of
degrees of f reedom should be taken as equal to twice the number of
modes with f requencies less than the frequency corresponding to theZPA.

Once the flexibility and mass of the mathematical model are
calculated, the frequencies and modo chapes for - all significant
modes of vibration should be determined. Piping stresses and
displacements should then be determined utilizing standard modal
response spectra analysis techniques.
7.1.4.3.2.1.2 Response Spectrum

A response spectrum is a curve which represents the peakacceleration response verses frequency of a single degree of
froedom spring mass system which is excited by an earthquake motions time history. It is a moacure of how a structural system with
certain natural frequencies will respond to an earthquake appliedat its supports.

The response spectra curves for System 80+ have been developed
using several ground motion time history analyses. These analyseswere used to cover a range of possible. soil conditions. The-resulting floor responso spectra may be enveloped or . considered in
subgroups up to individually in the seismic analysis to account for
all of the various soil-caans.

Most analyses will consist of multiple supports with differentcharacteristic response spectrum. To account for this, theapplicable response spectra for all structures and elevations
;
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<

! supporting the pipe in the dynamic . model - may be envelop s to
[ determine the response spectra for that piping.
!-
] If this method is determined to b, overly conservative, a multiple-

support spectra method may be used.- The response-spectrum-of the-+
'

individual support locations - may. be ' input - . separately- with the
esponse due to.each support combined in a conservative manner.v

; This method should not be used in combination with variable- !

j damping.
!

j 7.1.4.3.2.1.3 Spectrum Peak Broadening
4

- To account for possible uncertainties, the initially computed floorL
: response spectra are usually smoothed, and peans associated wit'

-

the structural frequencies are widened. The method used - te
determine the amount of peak widening, associnted - with 'the ',.

i structural frequency, should be as detailed in ASME Code, Section
III, Division I, Appendix N,-Section N-1226.3-

f 7.1.4.3.2.1.4 Damping
t

-

. i

i Damping values are provided in CESSAR-DC, Section 3.7.1.3 and < e-
j summarized below;

j OBE SSE

| Piping diameter 5 12" 1% 2%

j Piping diameter >-12" 2% 3%
!

| Alternately, when using response spectra' analyses,- variable damping
'

:. values in accordance with the_ requirements and limitations of the
| ASME Code Case N-411-1 " Alternative Damping Values for Response

i

; Spectra Analysis of Class 1, 2, and 3-Piping, :Section III; Division '

[ I" is acceptable. Howevar, no combination .of L the ' two o damping -
;- criteria shall be used. The . variable _ damping curve is provided in -
: CESSIG-DC, Table 3.7-41

-

j 7. 1.4.3.2.1.5 Modal Cutoff and Rigid Range ~ Acceleration Effects
!-
* The nuiner of. modes included in the analysis should-be' chosen to
! correspond with-the range of seismic excitation frequencies:up to- 1
!. the frequency corresponcifag to the ZPA. There is no limit on the-
] nup er of modes.- - The -nember of modes included- inLthe analysis -

should be selected so that the response from the remaining. higher-1

i modes does not result' in mom car n a 10% -increase in- total system
j response.
3

i .t moda. frequencies above the frequency corresponding to the ZPA,
.

pipe members are corsidered rigi1. The acceleration associated |! with t5ese rigid modes is usually _ -small . - Howeve r, in '' certain- ]j situutions the r eponse -to high 'frequenr.y modes can significantly .j
: au et suppcr* loads, particularly ax a1 restraints on long runs.

-1) 4ne effects o:. rigid range accelerations may be evaluated - by - '

2

.

!

}
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approximating the higher mode response using the spectral
accaleration at the frequency corresponding to the ZPA and
%mbining this response with the dynamic analysis results in an

a. ..: .onal mode (using the square root of the sum of the squares,
t RS F ', .

7.1.4.3.2.1.6 Modal and Direction Result Combination

As stated in CESSAR-DC, Section 3.7.3.7, the seismic response of
each mode shall be calculated and combined with the other modal -|
responses using the methods described in Regulatory Guide 1.92, l
" Combining Modal Responses and Spatial Components in Soismic '

Response Analysie".

If the modes are not closely spaced (two consecutive modes .are
defined as closely spaced if their frequencies differ from each
other by 10 percent or less of the lower frequency), the results
may be combined by the square root of the sum of the squares
(SRSS). Closely spaced modes should be combined by one of the
following methods: (1) Grouping Method, (2) Ten Percent Method,
or, (3) Double Sam Method. '

The responses due to ich of the three separate directions ofe

scismic excitaticn should be 'ombined by SRSS.

7.1.4.3.2.1.7 Seismic Anchor Movements

The effects of ceismic anchor motion shall be considered in the
seismic analysis. For models with piping in more than one
building, it should be assumed that the buildinga move 180* out of
phase. Movements within all buildings except the-Reactor Building
should be assumed to be in phase. Within the Reactor Building
there car b differential movements between the-Reactor Building,
the Cont m. 07 t Vessel, Reactor Interior Structures, and the NSSS.
These r . 'enn 3, when applicable, should be assumed to act -180' out
of pha.a. Th< rest 2 :ing relative movement should be applied as
static n m ers displcicements with all dynamic supports active.

Support lw' shall be obtajned and defined for both OBE and SSE
motions.

7.1.4.3.2.1.8 Fatigue

The cyclic load basis for fatigue analysis of the OBE earthquake
shall be a minimum of 75 full load cycles for Class 1 piping
systems.

7.1.4.3.2.2 Time History Analysis

7.1.4.3.2.2.1 General
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; J
4 .t
: Time history analysis may be used as an alternative method to-

~

;

j' response spectrum analysis for any piping-system.. <

i. --

i For -those piping systems analyzed by time history' methods,
*

j development'of mathematical-models,~which: define' flexibility and
_

L mass, and_ calculation of natural frequencies and mode shapes, as
described in-Section 7.1.4.3.2.1.1,yshould first be performed.

i 7.1.4.3.2.2.2 Piping' Dynamically Decoupled from the_NSSS
i

Most piping systems can;be' dynamically decoupled from the nuclear.*

L steam supply system (NSSS), following the guidelines of Section-
| 7.1.5.2.2.- The surge line, which-is functionally part of the NSSS,:
j- -is included in those piping systems which can be shown to meet the
L decoupling' criteria, and.should therefore be analyzed separately-
| from the rest of the NSSS.
; .

.

j The solution of _ the differential equations-_ of motion,: which
|- -describe the dynamic response of a system;to a seismic excitation,
i can be-obtained by the method of modal' superposition or --by the
; method of direct integrations, using time history-analysis. These
! methods are-described in CESSAR-DC, Section 3.7.2.1.1.2.
! .

;- -The mathematical model should.be subjected to seismic-excitacions
; at the anchor points (terminal ends) and at building supports.. For
i statistically independent earthquake motions, input excitations in

|- all three translation directions and, as applicable, in all-three
rotational directions should ~ be . applied -simultaneously to the;

j anchor points and building supports.
;-

Input of multiple time history excitations, which allow. calculation.
1

i
of the effects of both differential motion.and inertia, should

i normally-be used_in a_ multiply. supported-spetem such-as a piping
; system. An acceptable alternate-time history method,- as described

|
in ASME Co de, . Section III, Division . I, Appendix N, SectionL N- >

j 1228.4, is to - input an "envelupe'? time history excitation to
j: calculate the' inertia _ response, and - separately to.' determine the
; effects of differential support motion usingLa. static' analysis.-
J- The ASME B&PV Code defines - the envalope - excitation as a time .

history whose response spectrum envelopes the' response spectra _for
the individual-support motions.

'

j

7.1.4.3.2.2.3 Piping Dynamically Coupled to the NSSS-.

L

f The only piping system that,is_ dynamically coupled _to.the NSSS1for- ,

[ the purpose of structural analysis-is the main' coolant loop piping.

| The main coolantLloop piping-should be seismically _ analyzed as an-
_

4- integral part of the reactor coolant sya:em - structure, .using-
; methods described in-CESSAR-DC,-Sections 3.7.2.1.2-and 3.7.2'.6.2.
} ..

-

b

h
i
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i
7.1.4.4 Equinment Nozzles

The following effects of equipment nozzles should_be considered in
3 the analyses and included where appropriate:
4

]
Equipment response specola*

Equipment nozzle displacements and rotations; *

Equipment nozzle flexibility*
,

7.1.4.5 Wind / Tornado Analysis

Exposed piping shall be designed to withstand forces generated by
| wind and tornados . Maximum wind speeds provided in CESSAR-DC,
| Section 3.3 are listed below;

A. Wind loading: 130 mph maximum wind speed.

B. Tornado loading:

1. 330 mph maximum wind speed
2. 260 mph rotational wind velocity
3. 70 mph translational wind velocity;

.

| Tornado loads are based upon the NRC Staff interim position based
on NRC Regulatory Guide 1.76, " Design Basis Tornado for Nuclear
Power Plants".;

:

7.1.4.6 Fluid Transient Analysis

Transient fluid dynamic loadings on piping should be evaluated and
J the resulting loads included in the piping analysis. The loads

considered should be those significant loads due to fast valve
! closure, steam hammer, water hammer, relief valve discharge, and

multiple relief valve discharge. Potential loadings should be
evaluated and defined for each problem on a case-by-case basis.
Multiple safety valve discharges should be analyzed - so as to

'

maximize piping stresses and support / restraint design loads unless
another discharge sequence can be justified. Discharge sequences
considered should include the possibility of the instantaneous and
simultaneous discharge of all valves in the same vicinity. The
following represents acceptable analysis methods. Other methods
.such as characteristics computer programs may be . used where

.

justified.

7.1.4.6.1 Safety / Relief Valve Thrust

Safety / relief valves produce transient and steady-state loads on.

the valve inlet piping and discharge piping (if used). The thrust
load, F,. is a function of fluid type (Nater or steam), design

; pressure, and valve throat area. An acceptable method of
calculating the valve thrust J' ds is as folicws.

3 DRAFT 7-17 July 25, 1992
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A. Water Discharge: !

| Psune=0 . 0 022 (Eqn. 7,1-2)

!

,

Where. GPM = rated valve discharge in gallons per minute
: ID = inside diameter of the discharge pipe in

inches

A dynamic load factor of two should be included for the
dynamic loading unless a lower value is justified.

B. Steam Discharge:

The procedt're of ASME B&PV Code, Section III, Appendix 0,
should be used, with the caution that negative (below
atmospheric) discharge pressures are meaningless and the
equation does not apply for those cases.

Relief valves cause both dynamic and static loading conditions. To
simplify analysis, however, essentially all_ relief valve thrust
loads are evaluated statically. Closed discharge and piped relief
valves have an additional complicating factor since transient
forces develop at each intermediate turn in the piping during the
initial phase when the flow along the pipe is being established.
These transient loads should be treated as water / steam hammer. As
the transient phase ends, all of the intermediate forces cancel
each other out, leaving only the steady state thrust force at the
exit point of the fluid from the discharge system. For-closed
discharge systems, the steady state thrust force is zero at the
valve outlet.

Dynamic relief valve thrust loads should be applied to the piping
model as static loads with snubbers active and a dynamic load
factor applied to the loads.

7.1.4.6.2 ' Water and Steam Hammer Analysis

Water and steam hammer are both dynamic loading conditions on the
piping. Forcing functions, using actual time history analyses, may
be used in the dynamic analysis. However, the following simplified
conservative approximations of the forces may be used in a static
evaluation.

The simplified method describes below deternines the vorst net
force-developed in a segment of piping and applies it assuming it
can occur in either direction along the local ' x' axis of the pipe.
This net force that develops ' depends on flow rates, ' fluid
velocities, valve closing time, the length of straight runs of
pipe, and the fluid involved.
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7.1.4.6.2.1 Water Hammer Forces

Two equations exist for determining the resultant force, F,, on any
straight segment of piping due to water hammer. The proper one to
use depends on the ratio of L/L, for the pipe segment in question,
where L (ft) is the length of straight pipe of-the segment and L.
(ft) is the distance travelled by the shock wave during the valve
closure. L is available from the piping drawings and is shown as
an example for piping run 2 on Figure 7.1.4-1. The distance
travelled by the shock wave (1) may be calculated:4

L,= cx c (Eqn. 7.1-3)

i

! Where: c = sonic velocity in water (4,700 ft/sec)
! t = valve closure time (sec)

1

i A. For (L / L.) < 1.0
:

Fi=lb2 (Eqn. 7.1-4)
! 9

:

Where: h mass flow rate of water (lbm/sec)=;

4,700 (ft/sec)c =.

232.174 lbm-ft/lbf-sec! g =

resultant net force (lbs) along pipe runj F =
n

B. For (L/Ls) > 1.0
i

! Ei=lbb (Eqn. 7.1-5)
et

Where the above defined terms apply and:

length of straight pipe run (ft)L =
,

valve closure time (sec) !t =

One of the above equations should be used to calculate the net j

force to be applied for each straight segment of piping until a j.

point is reached where the pressure waves are damped out at a tank, |
' -

closed valve, equipment connection, or connection to a large
header.

<,

N
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7.1.4.6.2.2 Steam Hammer Forces

Since steam is a compressible fluid, the calculation of resultant
forces along each straight run can be performed by the following

{ six steps and terms:

A. Terms-

b = steam mass flow rate (lbm/sec)
i P = design pressure (psig)
1 T steam temperature (saturated ) at P (*F)=

3y = specific volume of steam at T and P (f t /lbm)
3

vioco = specific volume at P and 1000'F (ft /lbm)
L. = distance travelled by shock wave (ft)

; c = sonic velocity at P and T (ft/sec)
F. = net force exerted on pipe segment (lbs);

{ t = valve closure time (sec)
1 TF = temperature factor
; V = steam velocity (ft/sec)

3A = flow area of pipe (in )<

! L = pipe length between turns (ft)

B. Net Force Calculation

i 1. Compute temperature factor (TF)
;

3
'

' No (Eqn. 7.1-6)
TF=h v

2. Calculate length (Ls) over which the pressure wave;
'

propagates during the valve closure time ' (t)-

; L,= cx c

.

3. Calculate initial steam velocity 07).

i,

V= lb- (Eqn. 7.1-7)
A

4. Using Figure 7.1.4-2, pick the curve (or interpolate
a curve) that represents the steam velocity 07) above.
From this curve determine the slope at the steepest
section of the plot. At this steepest point, the
abscissa difference is the ratio L/L. Multiplying3
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this abscissa difference by the slope provides the
pressure rise ratio AP/P:-

(Abscissa Difference) x (Slope) = AP/P

5. The force exerted along any segment is then:

F=PxTFx[ P (Eqn. 7.1-8)
i 4

6. As with water hammer, this force should be determined
for each straight segment of pipe until a point is
reached (equipment, tank, closed valve, etc.) where
the pressure wave would be damped.

7.1.4.7 Pine Break Analysis

Pipe break loads are any loads that are applied to unbroken pipe
resulting from ruptures of nearby piping. Pipe break loadings
include, but are not limited to, the effects of the following: pipe
whip, jet impincement, differential pressure, temperature increase
(localized or overall), and support / anchor movement (including
reactor coolant loop and containment vessel). Effects of a
ruptured pipe-on other portions of itself need not be considered,
except to demonstrate that a whipping pipe is restrained.

In general, pipe break loads are defined for each piping problem on
a case-by-case basis. These loads should be applied by the-piping
analyst as applicable to the appropriate _ -piping problem. See
Section 7.1.8 for further details of postulated pipe breaks. Pipe
break loadings due to two or more assumed pipe breaks shall be
considered to act individually as separate events.

7.1.4.8 Hich Enerov and Moderate Enercy Recuirements

High and moderate energy piping systems shall be evaluated for
postulated pipe breaks. Intermediate break locations are based on
potential high stresses and fatigue limits determined by the piping
stress analysis results. For the postulated pipe break evaluation
requirements see Section 7.1.8.

7.1.4.9 .Non-Ricid Valves

Normally, valves are specified to be -rigid. Non-rigid valves
(indicating that the valve has modes - of vibration <. ZPA)- are
identified by the applicable valve seismic report. The effects of
the non-rigid valve should be considered.in the piping analysis.
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FIGURE 7.1.4-1

Water / Steam Hammer Forces
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FIGURE 7.1.4-2

Percent Pressure Rise vs. Valve Closina Time
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.

7.1.4.10 Expansion Joints

Expansion joints allow limited relative lateral and axial
displacements and bending rotations between the ends of the joint,
depending on the type of joint in use. Expansion joints should be
considered in the analysis.

7.1.5 ANALYSIS TECHNIQUES,

7.1.5.1 Model Boundaries

Piping models ideally run from anchor to anchor (equipment nozzle,
or penetration). Where this is not feasible, the piping may be
separated by decoupling, overlapping, isolation, or in-line anchors

! as described in the following subsections to form more manageable
models for analysis. These subsections present minimum.

requirements. If the piping cannot be separated to form smaller
analysis models by these methods,.the analyst may consider the use,

of an intermediate anchor to separate models subject to the
i considerations of Section 7.1.5.5.

; 7.1.5.2 Decouclina

| 7.1.5.2.1 General
,

! Small branch lines may be decoupled from larger run piping
" regardless of seismic classification. Decoupling may also be
i applied for in-line pipe size changes (such as at a reducer or

i,
reducing insert). For consistency with the following text, the
smaller line should be considered the " branch" and the larger line
should be considered the "run". To be decoupled, piping should
meet the size, section modulus, or moment of inertia ratios as'

detailed in the following paragraphs.

7.1.5.2.2 Decoupling Criteria

Branch lines meeting the following criteria may be decoupled from
the main run:

4

.

A. D /D, s 0.25, or
i

B. Z /Z, s 0.10, or
' C. I /I, s 0.04
:

'

Where: D. branch nominal pipe size=

run nominal pipe sizeD, =
,

branch section modulusZ. =

run section modulusZ, =

branch moment of inertiaI. =

run moment of inertiaI, =
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An appropriate stress intensity factor (SIF) should be included on
the branch and main run lines at the point where the piping is
decoupled. Mass effects of the branch line should be considered in
the analysis of the run line and_ included, if-significant. The
branch point should be considered as an anchor in the analysis of
the branch pipe. Thermal and seismic anchor movement analyses of
the decoupled branch lines should be performed with the thermal,
seismic inertial, seismic anchor movement (SAM), or pipe break
movements of the larger pipe header applied as anchor displacements
and/or rotations to the smaller branch line if these movements are
significant.i

Piping may also be decoupled at flexible hose provided each
interfacing analysis considers the flexible hose weight and
significant stiffness, and the flexible hose qualifies for the net
end displacements of the interfacing analysis problems. Analysis
results of the interfacing problems do not have to be combined.
The flexible hose should not be allowed to experience large tensile
loads.

7.1.5.3 Overlaccina

7.1.5.3.1 General

Overlapping is used to separate seismically analyzed piping
problems. Isolation of non-seismic piping from seismic piping is
addressed in Section 7.1.5.4.

Seismic piping that cannot be separated by decoupling as described
in Section 7.1.5.2 may be separated using an overlap region. The,

! overlap region should have enough rigid restraints and include
enough bends in three directions to. prevent the. transmission of
motion due to seismic excitation frcm one end to the other. The
following criteria present minimum requirements which should be
upgraded if required to satisfy this condition.

7.1.5.3.2 Overlap Criteria

! A section of piping to be considered an overlap region - should meet

| the following criteria:
I

A. The section contains a minimum of four (4) restraints in
each of three perpendicular-directions. If a branch is
encountered, the balance of restraints needed beyond that
point should be included on all lines joining at the
branch.

B. The restraints in the section are so spaced that the pipe.
span between any two restraints, taken as simply supported
beams, have a fundamental natural frequency (bending and
torsion) not less than the frequency corresponding to the
ZPA.
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C. In lieu of criteria B, a dynamic analysis of the overlap
region should be made with pinned boundaries extended
beyond the overlap region either to the next actual
support or to a span length equal to the largest span
length within the region. The fundamental frequency
determined from this analysis should be greater than the
frequency corresponding to the ZPA.

The overlap region should contain at least one change in direction
to filter torsional ef fects. The overlap piping should be included
in all models adjacent to the overlap region. An axial restraint
on a run may be counted effective at each point of lateral
restraint on that same run. Hanger design loads and movements in
the overlap region should be obtained by enveloping the results of
all models adjacent on the overlap region. Pipe stresses and valve
accelerations should be checked in each separate analysis.

7.1.5.3.2.1 Restrained Elbow (or Tee)

Adequately restrained elbows or restrained tees may be used to
terminate or separate analysis models. Restrained elbows and
restrained tees should meet the criteria of Figures 7.1.5-1 and
7.1.5-2, respectively. Results of all analyses should be combined
to obtain pipe stresses and hanger loads for the restrained elbow
and restrained tee configurations.

7.1.5.4 In-line Anchors

An in-lira anchor is a device restricting all six degrees of
freedom, thereby isolating each run. In-line anchors should only
be used to separate piping models, if practical, based on the
following considerations:

A. Anchors could be impractical, especially on large diameter
piping ( >4" nominal pipe size, NPS) or on lines with high
thermal and/or seismic movements.

,

B. The addition of anchors can add terminal end break
.

locations to high and moderate energy-piping.

C. The use of anchors can be limited by high piping thermal
expansion loads or the practicality of the anchor design

,

and installation.
.

D. Anchor load results from the piping on both sides of an
,

anchor should be combined to obtain the design loads for
the anchor. If the piping on one side of the anchor is
unanalyzed, appropriate loads should be developed to

;

1 represent the unanalyzed pipe. As an example, plastic
collapse moments for the unanalyzed side may be used.

,

;
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FIGURE 7.1.5-1
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Dimensions i and f are defined as-follows:t 2 -

NOMINAL MINIMUM MAXIMUM

ii -6" Weld Clearance 6"
:

f. L/4 L/8 L/42

'|
'

Where: L = ASME B31.1 Recommended Support Span per Table
121.5.
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FIGURE 7.1.5-2

Restrained Tee
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NOMINAL MINIMUM- -MAXIMUM-
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t .L/4 -L/8. L/4--2

Where: L.= ASME B31.'1 Recommended Support-Span per Table
.121.5.
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,

4 7.1.5.5 Support Considerations-

!

,

The proper participation and orientation of each support / restraint
should be included in the piping analysis.- Participation should bet

consistent with how the support type performs during the loadings- |
under consideration. Some loading conditions create pipe movements I

that could affect the analyzed support ~ orientation, such as !
vertical supports with large lateral thermal movements. The i

;

effects of such pipe movements on the analyzed support orientation ;

should be evaluated.-

7.1.6 ACCEPTANCE CRITERIA
;

7 .1. t) .1 ASME Class 1 Pipina

! The allowable stress limits for the specified loading combinati~ons
| for A.3ME Class 1 piping are shown in Tables 7.1.3-1 and 7.1.3-2.-
i

'

7,1.6.2 ASME Class 2 and 3 Pipino

The allowable stress limits for the specified loading combinations
for ASME Class 2 and 3 piping are shown in Table 7.1.3-3.

7.1.6.3 Allowable Nozzle Loads

; Loads applied to equipment nozzles shall not exceed allowable
values provided by the equipment vendor. In lieu of specific.

values, generic allowable equipment nozzle loads may be used
,

provided the equipment is specified to these design nozzle load,

values.
!

7.1.6.4 Allowable Penetration Loads

: Loads and displacements on containment penetration assemblies, as
I shown in CESSAR-DC, Figure 3.8-2, shall meet manuf acturer's
: allowables.
i

i 7.1.6.5 Welded Attachments

Per ASME Section III, Subarticle NC/ND 3fA5, external and internal,

attachments to piping shall be decsigned so as not to cause*

flattening of the pipe, excessive localize.d bending stresses, or,
~

harmful thermal gradients ~in the pipe wall. It is important that
such attachments be so designed to minimize stress concentrations
in applications .where the number of stress cycles, due either to
pressure or thermal effect, is relatively large for the expected
life.of the equipment.

;

Local stresses due to all support loads acLing on a welded
: attachment should be evaluated and added directly to the nominal

pipe stresses at the point of the attachment. The sum of the
stresses shall be compared against the allowable stresses given in

.

6
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i. .

_

_

. Methods for evaluating local-stresses-
_

_ .. ..

! Tables : 7.1. 3-2 and 7.1. 3-3.
- due ' to welded attachments are- provided. in ASME Code Cases N-318 and-

! N-392.
l .. .

Recuirements
.

! 7.1.6.6- J_unctional Capability
| -

! CESSAR-DC, Section 3.9.3.1.4.2 requires that ASME Class-2 and 3
[ piping be evaluated for functional capability. Appendix 7B
j_ provides the functional capability requirements for ASME Class 2_
! and 3 stainless steel elbows as stated in-Texas Utilities'' letter r

! TXX 3423. |
.4-

f 7.1.6.7 Valve Requirements
!

! Valve accelerations should m e e t_- the allowable . manuf acturer'_s
|- requirements -for seismic accelerationc _ The ~ loads on supports.-
'. attached to valve _ operators should also be evaluated. .
I

j 7.1.6.8 Exoansion Joint _Recuirements
i-
) Expansion joints should be evaluated.to ensure compliance with
j vendor allouables.

1 7 .1. '/ PIPE SUPPORT DESIGN REQUIREMENTS
i

| 7.1.7.1 General ~
! .. .

; The design of pipe supports'should meet the. intended functional
{ recuirements of the stress analysie .as'_ well 'as meeting -- the
i specified- stress limits for the support components. Support
j components may incluce typical' structural steel members- as well as
|- manufactured catalog: items for~ typical _ support' components.
F
i Supports are idealized __in the . piping- -analysis as- providing

restraint in the analyzed direction _-while providing unrestricted 4'

j movement in the unrestrained . direction.. . (Since the , design of
i supports cannot - _ completely duplicate the - idealized condition,
i. supports should be designed to minimize their effects on' the piping *

| analysis._ Additionally, the support' design should not, invalidate
!: any assumptions used in t 3 analysis.of the' piping system,
u

! In addition to loads defined by_ the stress analysis, ' any additional-
.

: forces the support are subjected to should'be considered in the
i- support _ qualification,
e

f 7.1.7.2 Desi.cn Considerations
:

{ 7.1 M ;l DeadweightLLoads-

! .

Gravity _ loads.of:the pipe are typically restrained by two types _-of.
supports.- The piping analysis will define - whether the support

j should. be ~ designed .as - a= rigid or_ flexible support. Flexible
!-

i
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supports are usually specified when the pipe must be restrained for
its gravity weight, however must remain free to move during thermal
expansion. Vendor supplied spring components with specified spring
constants are typically provided in this application.

In addition to gravity loads from the piping analysis, the
deadweight of the support itself should be considered in the

'

support qualification.

7.1.7.2.2 Thermal Loads

Temperature changes within the piping system, including thermal
stratification, will cause the pipe to thermally expand. Thermal
loads are induced into supports which restrain the piping system
from being able to freely expand. Additional thermal loads could
be a result of " anchor" displacements. Movements at the terminal
end points of the piping system, such as branch lines and vessels,
will induce loads into supports which resist these movements.
These forces are usually referred to as thermal. anchor movements
(TAM). All possible thermal conditions, including ambient
thermal, should be evaluated when combining thermal loads with
other load cases to obtain the worat loading on the supports. The
pipe wil] also experience radial expansion due to temperature
increases. To minimize local stresses within the pipe, supports
should be designed to allow for this expansion. See Section
7.1.7.2.10 concerning support gaps.

Pipe supports should also be evaluated for environmental thermal
conditions. Temperature increases in the area around the support
will cause the support itself to tend to thermally expand. _ In
addition, local high temperatures can exist close to the pipe wall.
Support elements which are subjected to these elevated temperatures
should be evaluated for thermal effects. Material property values
consistent with the associated temperature should be used.

Thermal expansion of the pipe support and/or the building structure
from which the support is attached should be evaluated for its
effects on the piping analysis.

7.1.7.2.3 Seismic Loads

The building response to earthquake moti.on will cause seismic
acceleration of the piping system. Earthquake inertia forces are'

applied to supports that restrain the seismic: movement of the
piping system. Additional seismic movements could be caused by
seismic acceleration of terminal end points of_the piping-system
such as branch lines and vessels. These forces are usually
referred to as seismic anchor movements (SAM).

The response - of the support itself due to seismic acceleration
should also be evaluated. Typically, the inertia response of the
support mass would be evaluated using a response spectrum analysis
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similar to th? piping analysis as described in Section 7.1.4.3.2.1.
Damping values for welded and bolted structures are providad in
CESSAR-DC, Table 3.7-1.

7.1.7.2.4 Dynamic Fluid Loads

Dynamic fluid loads are a result of-fluid transients due to safety
relief valve thrust, water and steam hammer. These events are
evaluated in the piping analysis. Supports should be designed to
meet the requirements of the piping analysis.

7.1.7.2.5 Wind / Tornado Loads

Exposed pipin)- and support structures shall be -designed to
withstand fort ~ generated by wind and tornados. Wind and tornado
loading on the piping should be evaluated in the piping analysis.
The effects of wind and tornado on the support structure shall also
be considered in the support qualification. Design wind speeds are
provided in CESSAR-DC, Section 3.3.

7.1.7.2.6 Missile Loads

Supports subjected to loads described in CESEAR-DC, Section 3.5.1
should be evaluated for the effects of missiles.

7.1.7.2.7 Pipe Break Loads

The dynamic effects of pipe-breaks on the piping system shall be
considered in the piping analysis unless eliminated by. leak-before-
break (LBB) methodology. The effects of pipe whip, jet
impingement, and temperature increases on the support structure
should be considered in the support qualification.

7.1.7.2.8 .lupport Stiffness

Supports may be modeled in the piping analysis by using the actual
support stiffness values or by using rigid stiffness values. If
using the actual support stiffnesses, the flexibility of all
support components as well as the effects of the building structure
should be included in the total stiffners value.

Rigid stiffness values are typically used. . Actual stiffness values
for flexible. supports (e .g . , spring cans) are usually included in
the piping analysis. When using rigid stiffnesses, it is also
important that all supports, in a given pipe analysis, be designed
with a reasonably equal stiffness. This reduces the effects of
load redistribution to stiffer supports due to the deflection of
the more flexible supports.

Since supports are usually modeled with one stiffness value for
both directions of a support axis, supports should be designed to
have similar stiffnesses in both directions. Additionally, support
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!

[ ' stiffness in the unrestrained direction of the - pipe should be |
j considered to minimize the effects-of seismic inertia loading of

'

j the support mass.

i Additionally, the piping analysis - may
.

ii- .

assume that _ _ supports ar'e
sufficiently rigid in comparison to the pipe to allow decoupling of-2

| the supports from the piping analysis. Therefore, rigid supports- ?

| should be designed to ensure the stiffness of the supports do not
; significantly affect the pipe frecruency'.
i
j 7.1.7.2.9 Friction
i

'

i Temperature changes. in the piping system will cause movement in the
j unrestrained direction of the pipe. If.the pipe is free to slide
I across a support, frictional forces will be developed between the
! support surface and the pipe. The amount of frictional force

,

i developed is a function of the- coefficient of friction _ of the- '

i sliding surfaces and the support stiffness. in the direction J of _ .

j movement. Since friction-is due to gradual-movement of the-pipe,
1 such as thermal expansion,_ frictional forces should be considered. ,

i in the support qualification under combined deadweight and thermal
} loading only. Friction forces should be applied -in both directions

of thermal expansion.,

i
! Typically frictional forces _are neglected in the analysis of the
i- piping system because supports are designed to minimize the effects '

|- of friction on the piping analysis.
4

7.1.7.2.10 Support Gapsi

|

Gaps between the support and the restrained direction of the pipe
create a non-linear situation which. should be avoided. However for. -

|- frame type supports built around the.pipef small gaps should be
i _provided. These gaps allow for -radial thermal expansion of the
|- pipe as well as allowing for pipe 1 rotation. In order-to neglect
i support gaps in the piping analysis,--they are typically-restricted

to a total of 1/8" in the restrained- direction. More restrictive-
I~ gaps could be-.needed at supports close to sensitive equipment _or-
! where specific thermal or-transient stops are specified. . Gaps of-
!< these magnitudes are typically negligible and considered to be zero
j in the piping analysis.

Gaps in.the unrestrained direction should be specified large enough
to accommodate the maximum movement of the pipe. Standard practice --

t is to provide an additional 1/2"; gap to account-for uncertainties;
i in the piping analysis.
!

!_ 7.1.7.2.11 Support Orientation
; .

. . -

; Supports should be -provided in the direction required by the piping
analysis. However, due to pipe movements, the orientation ofJthe| '
support axis could change during different. plant.; conditions.

.
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Therefore, supports such as struts and snubbers should be designed
to minimize the effects of the pipe movements.

7.1.7.2.12 Support Mass

Typically the mass of the support is not considered in the piping
analysis. Therefore, the weight of components supported by the
pipe should be limited to the extent possible. For example, spring'

supports should include the weight of the components below the
spring in the spring load setting, thus negacing the weight that
would have been supported by the pipe. However, due to the seismic'

response of the attached mass, supports which add substantial mass
to the pipe should be evaluated for the effects on the piping
analysis.

7.1.7.2.13 Welded Pipe Attachments

Welded attachments to the pipe wall should be avoided where
possible. However, certain design requirements such as anchors or
axial restraints could require the use of welded lugs or trunnions.
All welded attachments will require the evaluation of the local
stresses induced into the pipe. Materials used as welded
attachments shall be compatible with the piping material,

7.1.7.3 Load Combinations

Load combinations shall be in accordance witn CESSAR-DC, Section
3.9.3.1 and are detai3ed in Table 7.1.7-1.

7.1.7.4 Accentance Criteria

Stress limits for structural members of pipe supports shall meet
the requirements defined-in ANSI /AISC N690, " Nuclear Facilities-
Steel Safety-Related Structures for Design Fabrication -and
Erection".

1
! Manufactured catalog items should meet the requirements of MSS-SP-

58, " Pipe Hangers and Supports-Materials, Design and Manufacture" .
The application of catalog components should be consistent with the
manufacturer's requirements and should meet the manufacturer's load
rated capacities for the items.

Expansion anchors and other steel embedments used in the support
design shall meet the requirements of ACI-349, " Code Requirements
for Nuclear Safety Related Concrete Structures".

7.1.7.5 Jurisdictional Boundaries-

The jurisdictional boundaries shall be as defined in ASME Code,
Section III, Subsection NF. However, the acceptance criteria as
defined above should also be applicable for the qualification of
support components within the NF boundaries.
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TABLE 7.1.7-1-

Loadino Conditions and Load Combination Recuirements
for ASME Code Class 1, 2, and 3 Pipino Supports

CONDITION LnAD COMBINATION

1. Normal Condition Weight
(Service Level A) Thermal (1)

2. Upset Condition Weight
(Service Level B) Thermal (1)

Dynamic Fluid-Loads (2)
OBE Inertda
OBE Seismic Anchor
Movements or Wind (3)

3. Emergency Condition Weight
(Service Level C) Thermal (1)

Dynamic Fluid Loads (2)
SSE Inertia
SSE Seismic Anchor
Movements or Tornado (3)

4. Faulted Condition Weight
(Service Level D) Thermal-(1)

Dynamic Fluid Loads (Ti
SSE Inertia
SSE Seismic Movements
Pipe Rupture Loads

NOTES:

1. Thermal conditions (including ambient temperature) to be combined
to provide maximum load combinations.

2. Dynamic Fluid Loads due to safety / relief valve thrust, steam
hammer, and water hammer.

3. Wind and tornado loads are not combined with earthquake loading.
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f 7 .1. 8 - POSTULATED PIPE BREAKS
i :

7.1.8.1 g,lassification ]{ _

| 7.1.8.1.1 High' Energy
i
I- High energy piping systems are those systems or portions of systems--

} that are maintained pressurized at either temperatures in excess of -
~

: 200*F or at pressures exceeding- 275- psig during any of the
: following normal plant operating modes. For s'ystems containing
j process fluids = other than water, the atmospheric boiling
; temperature may be~ applied-in place of the 200*F criterion.
|-

|-
Reactor Startup*

', -Hot Standby=

i ;

] Operation at any Power Level*

|- Reactor Cooldown_to Cold' Shutdown*
.

i
; Exceptions:
1

I A. Non-liquid piping systems- (air, gas, steam) with a ma -mum

| pressure less than or equal to 275 psig are not considered .
~

i high energy regardless of the temperature.
t

| B. Piping which operates at pressures and/or temperatures
i meeting high energy requirements.is-not considered high-
i energy if the total time spent in operation at -high energy

j conditions is less that-either of the following;
, .

.

| 1. One percent of the normal operating lifespan-of the-

| plant,.or-
-.

| 2. Two percent of the time period required to accomplish
; its system design function..
4

[ C. Piping of ~ one-inch nominal pipe size- and less- is not
j considered "high energy."
;

f- 7.1.8.1.2 _ Moderate Energy

[ Moderate energy piping systems are those- systems or portions of
systems, that during any of the normalLplant operating modes are' -

maintained pressurized at a maximum-temperature of/200'F-or less'

-

1 - and a maximum pressure of;275:psig or less-including all-piping- -

i excluded.from high energy.-
t-
i- Exceptions:-

|~ ! -~A. Open-ended vents and drains are not considered moderate
j energy.
;-

? *
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.

I B. Piping of one-inch nominal- pipe size and less is not ,

considered moderate energy,;.

i~
7.1.8.2 Postulated Ruoture Locati~ons:.

*
.

t

! 7.1.8.2.1 Break Locations in ASME Class 1 Piping Runs
;-
* Breaks, in accordance with Section 7.1.8.2.5, shall be postulated

to occur at the following locations in ASME Class- 1 piping:i

|
| A. The terminal ends of the pressurized portions of the run.

'

!

! B. At intermediate locations selected by either one;of the

| following methods:

! 1. At each location of potential high_ stress or faticiue,
such as pipe fittings -(elbow, tees, reducers, etc.),
valves, flanges, and welded attachments;=or

,

'

2. At all intermediate-locations between terminal ends
,

i where the following stress- or fatigue limits- are
exceeded:,

i
~

The maximum stress range, S, between any two load*

| sets (including the zero load set) ; calculated by.
! Eq. (10) in Subarticle NB-3653, . ASME Code, Section
' III, exceeds 2.4S, and the stress ranges calculated.
'

by both Eq. . (12) and=Eq. (13) in . Subarticle NB-
! 3653, ASME Code, Section III, exceeds 2.4 S,.

* U exceeds 0.1,

Where: S- = allowable design ' stress-intensity.
value, as defined - fin- Subarticle NB -

,

3600, ASME Code, Section III.

U = the. - cumulative- usage- ' factor- as
calculated in accordance

.

with iz

Subarticle NB-3600, ASME Code, Section-
,

III,<

7.1.8.2.2 Break Locations in ASME Class:2 and 3_ Piping Runs-
.

- -Breaks, in accordance with' Section-7.1.8.2.5 shall be-postulated to
occur at the following locations in"ASME' Class 2 and 3' piping:

, . .

A. The terminal ends of the pressurized portions of-.the run.

.
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|

B. At-intermediate locations selected by_either one-of the-
.followingzmethods: ;

1. At each location of potential high stress- or fatigue,
such as pipe fittings-(elbows, tees, reducers, etc.),

.

valves,_ flanges, and! welded attachments / Lor.- ,

2. Where the piping contains -no fittings, welded i

attachments, or valves, at one. location- at each
extremeHof the piping run adjacent to the' protective
structure, or

3. At all locations where the stress, S exceeds
0. 8 x -(X + Y) .

Where, as defined in ASME' Code, Subarticle NC-3650,

= stresses under the combination of loadingsS-
-associated with the normal and upset plant
condition loadings and- an OBE event,1 as.

-

calculated from the sum of Eq. (9) and (10).

equation (9) Service Level B allowable stress.X =

equation-(10) allowable stress.Y =

i
j 7.1.8.2.3 Break Locations in Non-Safety Related Piping Runs

For non-safety class piping which is not seismically analyzed,
j leakage cracks are. postulated at axial locations such that they

produce the most severe environmental effects.1

|

! 7.1.8.2.4 Break Locations In Piping Runs With Multiple ASME Code

j Piping Classes

: Breaks, in accordance with Section 7.1.8.2.5 shall be postulated to

| occur at: the following locations:
|

A. The terminalfends of the pressurized portions of the run.,

'

B. 'At intermediate locations selected by either onefof the

|- following methods:

{ l. At each location of- potential high stress or fatigue,
such as pipe -- fittings, valves, - flanges,. and' ~ welded
attachments; or

;-
. .

L- 2. -At all intermediate locations between terminal-ends-

.

where' the stress and fatigue: limits of Sections-

! 7.1.8.2.1.B.2, Tor 7.1.8.2.2.B.2, are exceeded.

i-
;

'

;

?
;
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7.1.8.2.5 Break locations

Botn circumferential and longitudinal breaks are postulated to
occur, but not simultaneously, in all high-energy piping systems at
the locations specified in Sections 7.1.8.2.1 through 7.1.8.2.4'

except as follows:

$ A. Circumferential breaks are not postulated in piping runs
of a nominal diameter equal to or less than 1 inch.

B. Longitudinal breaks are not postulated in piping runs of
; a nominal diameter less than 4 inches.
'

C. Longitudinal breaks are not postulated at terminal ends,
i

D. Only one type of break is postulated at locctions where,
'

from a detailed stress analysis, such as finite-element,

I analysis, the state of stress can be used to identify the
i most probable type. If the primary plus secondary Ltress

in the axial direction is found to be at least 1.5 times
that in the circumferential direction for the most severe
loading combination association with Level A and Level B

,

| service limits, then only a circumferential areak _ is
postulated. Conversely, if the primary plus secondary
stress in the circumferential direction is found to be at
least 1.5 times that in the axial direction for the most|

severe loading combination associated with Level A and
Level B service limits, then only a longitudinal break is
postulated.

4 E. Circumferential and longitudinal breaks are not postulated
at locations where the requirements of Section 7.1.8.2.7i
are satisfied.

.

F. Circumferential and longitudinal breaks are not postulated
at locations-where the criterion in Section 7.1. 8. 2. 6. 2 is

'

used.

7.1.8.2.6 Crack Locations

7.1.8.2.5.1 Through-Wall Cracks
: .

Through-wall cracks are postulated in all high-energy and moderate--

energy piping systems having a nominal diameter greater.than 1 inch
at the locations specified in Sections 7.1.8.2.1 through 7.1.8.2.4,'

except that through-wall cracks are not postulated at locations
where:,

; A. For Class 1 piping, the calculated value of S, as defined ;

in Section 7.1.8.2.1, is less than 1.2 S,. I

I
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4

B. For Class 2 and Class 3 piping, the calculated values
of S as defined in Section 7.1.8.2.2 is lets than

1 0.4 x (X + Y).,

C. The requirements of Section 7.1.1.2.7 are satisfied.-
,

D. The criterion in Section 7.1.8.2.6.2 is used.
.

7.1.8.2.6.2 Leakage Cracks

A leakage crack is postulated in place of a circumferential break,
or longitudinal break, or through-wall crack, if justified by an
analysis performed on the pipeline in accordance with the

,

|
requirements of Section '.l.9.

For moderate-energy fluid systems in areas other than containment
penetrations, leakage cracks are postulated at axial and

,

circumferential locations that result in the most severe
environmental consequences. Where a break in a high-energy fluid4

system is postulated which results in more limiting environmental
conditions, the leakage crack in the moderate-energy fluid system
is not postulated.

Leakage cracks, instead of breaks, are postulated in the piping of
fluid systems that qualify as high-energy fluid systems for short
operational periods of time but that qualify as moderate-energy
fluid systems for the major operational period.

i 7.1.8.2.7 Piping Near Containment Isolation Valves

Ruptures are not postulated between the containment wall and the
inboard or outboard _ isolation valves-in piping, which is designed
in accordance with the rules of the ASME Code, Section III, and
which meets the followir.g additional requirements:

A. The limits for postulating intermediate rupture locations,
as specified in Section 7.1.8.2.1 for- Class 1 piping and
7.1.8.2.2 for Class 2 and 3 piping, are not exceeded in.

that portion of piping.

B. Following a postulated pipe break of high-energy piping
beyond either isolation valve, the, stresses in the piping
from the containment wall, to and including the length of
the isolation valve, are maintained within Level C Service-

Limits as specified in the ASME Code, Section III..

C. The design and inservice inspection ' requirements, as
specified in the USNRC Branch Technical Position, MEB 3-1
(CESSAR-DC, Section 3.6, Reference 4), are satisfied,

D. The containment isolation valves are appropriately
qualified to assure that operability and leak tightness
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,

are maintainec when- subjected to any combination of
loadings, which could be transmitted to the valves from
postulated _ pipe breaks beyond the valves.

j E. For moderate-energy piping, the stresses calculated by the
sum of equations (9) and (10) in ASME B&PV Code, Section
III, NC-3653, do not exceed 0.4 times the sum of the*

stress limits given in NC-3653.

7.1.8.3 Postulated Ruoture Configurations

'

7.1.8.3.1 Break Configurations

! Where break locations are postulated at fittings without the
benefit of a detailed stress calculation, breaks should be assumed;

'
to occur at each pipe-to-fitting weld. If detailed stress analyses
or tests are performed, the maximum stressed location in the
fittings may be selected as the l'reak location.

3

Circumferential and longitudinal breaks shou.' '. be postulated in
fluid system piping and branch runs as specified in Section,

7.1.8.2.5.

7.1.8.3.2 Crack Configurations
,

Leakage cracks should ' be postulated at those axial locations
specified in Section 7.1.8.2.6.

For high-energy piping, leakage cracks should be postulated in
those locations that result in the most severe environmental
consequences. The flow from the crack should be assumed to wet all
unprotected components within the compartment with- consequent
flooding in the compartment and communicating compartments.-

Flooding effects should be determined on the basis of a,

conservatively estimated time period required to effect corrective
'

actions.

7.1.8.4 Pice Ruoture Loads>

This section applies to all high-energy - piping other than that
whose dynanic effects due to pipe breaks are eliminated from the.

design basis by leak-before-break (LBB) evaluation.
;

A. Circumferential Breaks

Circumferential breaks are assumed to result in pipe
severance and separation amounting to at least a one-
diameter lateral displacement of the- rug.ured piping
sections, unless physically . limited by piping restraints,*

i

structural members, or piping stiffness. The dynamic
force of the jet discharge at the break location is based
on the effective cross-sectional flow area of the pipe and*

|.
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i
j on a calculated fluid pressure as modified by an

i analytically determined thrust coefficient. Limited pipe-
j displacement at the break locstions, line restriction flow

]
limiters, positive pump contro11nd flow, and the absence

: of energy reservoirs- are. taken into ac ount, as
| applicable, in the reduction of r.he jet. dircharge. Pipe
j whip is assumed to occur in the plane det.' ned by the
a piping geometry and configuration, and to ;;ause pipe
! movement in the direction of the jet reaction.
;

i B. Dynamic Force of the Fluid Jet Discharge

The dynamic force of the fluid jet discharge is based 7n
; a circular break area equal to the cross-sectional flow

area of the pipe at the_ break location and on a calculated.

| fluid pressure modified by an analytically determined
; thrust coefficient, as _ determined for a circumferential
i break at the same location. -Line - restrictions, flow

| limiters, positive pump-controlled flow, and-the absence
of energy reservoirs -are taken into account, as

i applicable,,in the reduction of jet discharge.
i
j Piping movemeM is assumed to occur in the direction of !

i the jet reaction, unless_ limited by structural. members,
i piping restraints, or-piping stiffness.
I

C. Pipe Blowdown &o.:ce and Wave Force
{
j The fluid thrust forces that result from either postulated

,

i circumferential or longitudinal- breaks, are -- calculated 3

j using a simplified one-step forcing function methadology. _ |
4 This methodology is based on the simplified methods i

: described in ANSI /ANS 58.2, " Design Basis for .'rotection |

of Light Water Nuclear Powe.T Plants Against the Effects of
j Postulated Pipe R'spture". See CESSAR-DC, Section 3.6,
j References 5 and 6.
|

. method discussed above leads 'toWhen the simplified
_

-

i impractical protective measures, then . a more detailed
; computer _ solution which mere accurately. -reflects _ the ;
' postulated pipe rupture event is used. The craputer

~

Nolution is based on the NRC's computer program demloped
for calculating two-phase blowdown . forces. See CESSAA-DC,i -

| Section-3.6, Reference 7.
i

D.. Evaluation of. Jet Impingement Effects
1

Jet impingement force _ calculations are periormed only if-

.

structures or components are located near postulated high
! energy line breaks and-it cannot .be demonstrated that-

failure of the structure or component will not adversely <

' affect-safe shutdown--capability.
'
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E. Longitudinal Breaks

A longitudinal break results in an axial split without ,

severance. The split should be assumed to be orientated
at any point of highest stress as justified by detailed
stress analysis. For the purpose of design, the
longitudinal break should be assumed to be circular or
alliptical (2D x 1/2D) in shape, with an area equal to the
largest piping cross-sectional flow area at the point of ,

the break and have a discharge coefficient of 1.0. Any -

other values used for the area, diameter and discharge
coefficient associated with a longitudinal break should be
verified by test data which defines the limiting break
geometry.

7.1.8.5 Pipe Rupture Analysig.

7.1.8.5.1 Dynamic Analysis of Pipe Whip

Pipe whip restraints usually provide clearance for thermal
expansion during normal operation. If a break occurs, the
restraints or anchors ra rest the break are designed to prevent
unlimited movement at the point of break (pipe whip).

The dynamic nature of the thrust load is considered. In the absence
of analytical justification, a dynamic load factor of 2.0 is
applied in determiaing restraint loading. (Elastic-plastic) pipe
anc whip ree' aint material properties may be considered, as
applicable. T;.e effect of rapid strain rate of material properties
is considered. A 10 percent increase in yield strength is used to
account for strain rate effects.

In general, the loadings that result from a break in piping are
determined using either a dynamic blowdown or a conservative static
blowdown analysis. The method for analyzing the interaction
effects of a whipping pipe with a restraint is one of the
following: (1) Equivalent Static Method, (2) Lumped Parameter
Method, or (3) the Energy Balance Method.

In cases where the time history or energy balance method is not
used, a conservative static analysis model should be used.

The lumped parameter method is carried out' by utilizing a lumped
mass model. Lumped mass points are interconnected by springs to
take into account inertia and stiffness properties of the system.
A dynamic forcing function or equivalent static loads may be
applied at each-postulated break-location with unacceptable pipe
whip interact. ions. A nonlinear . elastic-plastic analysis of the
piping-restraint system is used.

The energy balance method is based on the principle of conservation
of energy. The kinetic energy of the pipe generated durTng the
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first quarter cycle of movement is assumed to be converted into
equivalent strain-energy, which is distributed to the pipe or the
whip restraint.

7.1.8.5.2 Dynamic Analysis of Unrestricted Pipes

The impact velocity and kinetic energy of unrestricted pipes is
calculated on the basis of the assumption that the segments at each
side of the break act as rigid-plastic cantilever beams subject to
piecewise constant blowdown forces. The hinge location is fixed
either at the nearest restraint or at a point determined by the .

requirement that the shear at an interior plastic hinge is zero.
The kinetic energy of an accelerating cantilever segment is equal
to the difference between the work done by the blowdown force and
that done on tha plastic hinge. The impact velocity V, is found
from the expression for the kinetic energy:

KE= M,Vj (Eqc. 7.1-9)
'

Where M. is the mass of the single degree of fxeedom
dynamic ,model of the cantilever. The impacting mass is
assumed equal to M.,.

7.1.9 LEAK-BEFORE-BREAK

7.1.9.1 Desian of PipAaa Evaluated For Leak-Before-Break

The approach being taken toward design certification of System 80+
!s to include leak-before-break (LBB) considerations in the piping
design. One aspect of the LBB evaluation pursued for each selected
piping system is performance of a preliminary LBB evaluation prior
to and independent of pipe routing. This evaluation is used to
provide the piping designer with LBB acceptance criteria, in terms
of a range of materials, pipe sizes, and NOP and maximum design
loads for all locations in the pipe. If the acceptance criteria is
met, an acceptable result of the LBB evaluation of the final design
is assured. The range of piping parameters developed by this
preliminary evaluation forms a " window" of acceptance criteria
which the piping designer can utilize to route, design and support
the piping system.

For the System 80+ design, the following five piping systems inside
centainment will be designed to the requirements of Section 7.1.9.2
to assure leak-before-break:

Main Coolant Loop (42-inct ID hot leg and 30-inch ID*

cold leg)

Surge Line (12-inch diameter)*
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Shutdown Cooling Line (16-inch diameter portion)*

Direct Vessel Injection (10-inch diameter portion)*

Main Steam Line (28-inch ID portion)*

.1.9.2 Pipino Desion Requirements

The piping design requirements for assuring that LBB is met are
given in Table 7.1.9-1 below:

t

TABLE 7.1.9-1

System 80+ Pipino Desian Requirements For LBB

NOP Plus Max Pipe WeldPiping System Desion Load Material Material

Main Coolant Loop (Hot Leg) < >Main Coolant Loop (Cold Leg) < >
Surge Line (12") < (LATER) >Shutdown Cooling Line (16") < >
Direct Vessel Injection (10") < >
Main Steam Line (28" ID) < >

The requirements of Table 7.1.9-1 are established by LBB
evaluations using the methodology describec in Appendix 7A. Inaddition to the requirements of Table 7.1.9-1, the five piping
systems listed above must meet the LBB applicability criteria
outlined in Appendix '.\, Section 1.2.1. NOP : and maximum designloads are defined in An endix 7A, Section 1.1.4. Appendix 7A also
discusses design philosophy ~and offers design guidelines for piping
systems evaluated for LBB.

7.1.9.3 Pining Desian Procedure

The designer shall route, design and analyze the piping ev e nted
for LBB in accordance with the ASME Boiler and Pressure % "el
Code, considering the LBB requirements given above and utilizing
guidelines herein. As-calculated piping loads should be compared
to the " window" of acceptance criteria in Table 7.1.9-1 established
by the LBB evaluations. If the acceptance criteria are . met, -

~
,

demonstration of LBB is assured. If the acceptance criteria are
not met,' the as-calculated loads based on the actual routing should
be evaluated for LBB using the finite element analysis methodology
described in Appendix 7A, Section'1.3.4. If this LBB evaluation
does not assure that LBB is met, an iterative process of generating
revised LBB bcceptance critoria for a re-sized pipe and redesigningthe piping system should be pursued.
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'!.1.10 SMALL-DORE PIPING

To simplify the procedure for the design of small-bore piping, two-
inch nominal pipe size (NPS) and smaller, the procedure provided in
NCIG-14, " Procedure for Soismic Evaluation and Design of Small Dore
Piping" may be used in lieu of the more rigorous analysis as
detailed in Section 7.1.4.

.

|

\
:

|

j
,

I

I

|
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APPENDIX 7A
t

i

}

| 1.0 LEAK-BEFORE-BREAK
1

.
1.1 PLANT AND PIPING DESIGN CONDITIONS

3

j 1.1.1 PIPING DESIGN PARAMETERS
4

j The use of Leak-Before-Break (LBB) technology has, in the past,
f been limited to the evaluation of piping systems already designed

and constructed. The ystem 80+ design certification approach
j makes it possible to assign certain piping systems such that
'

elimination of the dynamic ef fects of postulated pipe breaks by LDB
is assured at the design stage.:

j

i In piping design, fluid system requirements normally drive _ the
; selection of specific piping parameters. For those piping systems
! chosen for LBB evaluation, LBB considerations must be integrated
I into the process of selecting those design parameters.

Specifically, the design parameters for which LBB should be
considered include pipe size (cross-section), pipe and weld:

i materials, loads, and piping systrJ u rme? flexibility,

j The pipe and weld material shoi bi W 2: considering LBB
i requirements along with system, sta n y r < ws L gJe requirements. '

i Within the limitations of the fiuta aystem and ASME Code
,

j requirements, the designer should select pipe and weld materials
which have good corrosion resistance, high yield and high toughness,

characteristics.'

| Piping system thermal flexibility is governed by the stress
i requirements of the ASME Code and the duty cycle of loadings. The '

| piping system should be routed - such that it is sufficiently
. flexible to be able to thermally deflect without exceeding stress
! or fatigue limits. It should also meet criteria for all load

combinations associated with earthquakes (see Sections 7.1.44

through 7.1. 6) .,

| Increased flexibility of the piping system results in lower pipe
loads from thermal loadings. Low normal operation (NOP) loads are4

advantageous in the LBB crack stability analyses provided that low,

NOP loads do not result in a leakage crack length that is too long.,

i A smaller NOP load results in a longer circumferential crack length
necessary to produce a crack with a detectable flow rate. This'

; longer crack leaves a weaker pipe cross section, which is subjected
to load combinations'in the stability analyses. This-~means that'

,

! the pipe designer must also be mindful of the SSE loading if the
pipeline under consideration is to meet LBB requirements.4

| Inclusion of seismic supports should be considered in the overall
flexibility of the piping system. A piping system that is made too -

|

:
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flexible because of NOP considerations alone could require too .nany
seismic snubbers.

The approach in _ considering piping system thermal flexibility
should be to route the pipe subject to the thermal loadings, other
NOP loadings, seismic loadings and stress and fatigue limits.
Revisions or limitations to certain thermal modes of operation may
need to be considered in order to satisfy thermal flexibility
requirements. Determination of a leakage crack length for LBB
should be made on the basis of the NOP pipe loads generated or may
be conservatively calculated by applying operating pressure alone
to the crack model (see Appendix 7A, Section 1.3.3).

,

1.1.2 LEAKAGE DETECTION SYSTEMS

CESSAR-DC, Section 3.6.3.3.1 states the following:

A leak detection system is recommended by HRC Regulatory
Guide 1.45 capable of detecting-a leakage rate of.. 1.0
gpm...or less...from the primary system. NUREG-1061,
Volume 3, " Evaluation of Potential for Pipe Breaks",
recommends a safety margin of ten on the leak detection
system. Diverse measurement means are provided,
including water inventory monitoring, sump level and flow
monitoring, and measurement of airborne radioactive
particulates or gases.... Leak detection system
requirements to support the LBB analysis for main steam
line piping are met by a combination of hunidity
detectors, condensation on the containment air coolers,
radioactive airborne activity sensors and sump flow and
level meters.

The various means of leak detection support, but may not be
designed specifically to, the requirements of the LBB evaluation.
NRC Regulatory Guide 1.45 requires a Leakage Detection System (LDS)
capable of detecting a 1.0 gpm rate or less, independent of LBB
requirements. The LBB evaluation, however, depends on these
" diverse measurement means", their diverse sensitivities and
accuracies, which constitute the LDS, in order to correlate a crack
length to a flow rate ten times the leak detection capability..
Unless otherwise justified, t he, LBB evaluations of System 80+
piping systems.should be based on a leak detection capability of
1.0 gpm and a safety margin of 10.

1.1.3 CONSIDERATION OF POTENTIAL FOR DEGRADATION SOURCES

CESSARcDC, Section 3.6.3.1, states the following:

Piping evaluated f or - LBB is first shown to meet the
applicability requirement of NUREG-1061, Volume 3. The
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piping is designed to meet the requirement to have a low
susceptibility to failure from the effects of corrosion,
water hammer or low- or high-cycle fatigue, or
degradation or f ailure of the piping from indirect causes
such as missiles or failure of nearby components.

In order to meet the commitment of CESSAR-DC, Section 3.6.3.1, the
LBB evaluation must consider pipe and weld material selection,
significant thermal modes of operation, the cnvironment in which
the piping is routed, and potential for water hammer within the
particular fluid system, as each relates to the potential for
degradation of the pipe (see NUREG-1061, Volume 3, Section 5.1) .
Consideration of LBB, in turn, should be integrated into the
process of selecting materials (for corrosion resistance),
determining modes of operation (for redLction of loads from
critical thermal transients), designing the piping _ system to
preclude water hammer, and routing, where possible, to minimize the
potential of failure of the pipe from indirect causes (see Sections
4.2.1.2, 4.2.1.3, 6. 2. 9 and 7.1. 2. 6) .

1.1.4 CONSIDERATION OF LOADING CONDITIONS

Loads due to NOP (dead weight, pressure, and normal steady state
thermal conditions) should be applied to the pipe section to
calculate a crack length that will result in ten times the
detectable leakage rate. As previously mentioned, a pressure-only '

load may be considered in this crack length determination in order
to generate a maximum bounding case on leakage crack length. For
smaller pipes, this could be too conservative, in which case a full
set of NOP loads should be applied to determine crack length.

NOP loads, critical thermal transients (including loads due to
thermal stratification, Sections 6. 2.10 and 7.1. 2. 8) , SSE loads,
and normal operation dynamic transient loads (such as from rapid
valvi closure), combined in the same manner as prescribed in the
piping design specification for the ASME Code design report, should
be cons 4.dered in the stability analyses. The combination of the
NOP load and the largest of the design loads (which will be
referred to herein as the " maximum design" load) should be applied
to the cracked pipe section in the stability analyses, along with
the applicable load margin. Minimization of the above loads is, in
general, advantageous to the LBB evaluation and should be pursued
in the routing and design of the . selected piping system (see
Appendix 7A, Section 1.2.1 for a further discussion with respect to
LBB). In addition,-overvse of dynamically-7ctivated snubbers to
reduce piping response leads due to seismic and dynamic transient
excitations should be avoided, or at least be balanced against the
reduced reliability and maintainability that snubbers can cause in
plant operations (see Sections 6.2.3 and 6.2.9) .,

,
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1.2 CRITERIA

1.2.1 APPLICABILITY OF LBB
|

CESSAR-DC, Section 3.6.3.1, outlines the LBB applicability
requirements for a piping system by committing to the
applicability requirements of NUREG-1061, Volume 3 (also see
Appendix 7A, Section 1.1.3).

1.2.2 DETECTABLE LEAKAGE RATE REQUIREMENT

Per NUREG-1061, Volume 3, the detectable leakage rate requirement
of the leak detection system is 1.0 gpm or less. The leakage crack
to be subjected to the crack stability analyses should leak at a
rate ten times the capability of the LDS. CESSAR-DC, Section
3.6.3.3, commits to these requirements of NUREG-1061, Volume 3.
Unless otherwise justified, LBB evaluaticns should be based on a
leak detection capability of 1.0 gpm.

1.2.3 STABILITY ANALYSIS ACCEPTANCE CRITERIA

CESSAR-DC, Section 3.6.3.9, summarizes the - stability analysis
acceptance criteria as follows:

A. Cracks which are assumed to grow through the pipe wall
leak significantly while remaining stable. The amount of
leakage is detectable with a safety margin of at least a
factor of 10.

B, Cracks of the length that leak at the rate in A above can
withstand normal operation pips maxinium design loads with
a safety factor of at least 42.

C. Cracks twice as long as those addressed in B above will
remain stable when subjected to normal - operation plus
maximum design loads.

NOP and maximum . design loads are defined in Appendix 7A, Section
1.1.4.

1.3 ANALYSIS

1.3.1 DETERMINATION OF LEAKAGE CRACK LOCATIONS '

It is a regulatory requirement that IBB be applied to an entire
piping system or analyzable pUrtion thereof, typically segments
located between anchor points. Therefore, for practicality,
locations of highet maximum design loads should be determined in
order to reduce the number of locations where the LBB evaluation is
to be performed.
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A screening process based on comparison of the maximum design load
to crack length (i.e., applied moment to the square of the crack
length "a") may be used to determine the locations where crack
stability is most likely to be challenged. These locations become
the basis for locating leakage cracks to be evaluated. Simple
criteria may be developed for screening. For example, locations
with significantly lower maximum design loading and similar NOP
loading may be eliminated from further consideration. Large
diameter pipes with low NOP and maximum design irads compared with
more highly loaded locations may be eliminated. Smaller pipes are
more difficult to screen since the final margin on crack size (2)
or final margin on load (42) each have the potential of being the
limiting criterion. These two margins are equally limiting for
larger pipes, which remLin mostly elastic.

1.3.2 FLOW RATE CORRELATION
i

The leakage crack size should be correlated to the LDS capability.
In order to simplify the LBB evaluations and provide safety margin,
the value of 250 gpm/in' should be used for the leakage rate in the
primary system. A value of 40 gpm/in of condensed liquid should2

be used for the leakage rate in the main steam line. These value.
account for variables such as surface roughness of the side walls
of the crack, the nonparallal relationship of the side walls due to
the elongated crack shape, and possible zig-zag tearing of the
material during crack formation. The selection of the respective
value above as a conservative lower bound is supported by NUREG/CR
4572, "NRC Leak-Before-Break (LBB) Analysis Methods for
Circumferentially Through-Wall Cracked Pipes Under Axial Plus
Bending Loads". Forexample, in order for 10 gpm leakage to occurzat a rate of 250 gpm/in , the leakage area should be 0.04 in ,
Similarly, in order for 10 gpm leakage to occur at a rate of 40
gpm/in', the leakage area should be 0.25 in'. These respective
crack opening areas should be used to determine the length of the
detectable leakage crack for stability evaluations unlesa another
correlation is justified.

1.3.3 PRELIMINARY LBD EVALUATION USING' EPRI/GE ESTIMATION OR
SIMILAR METHOD (Where Applicable)

The approach being taken toward design certification of System 80+
is to include LBB considerations in the piping design. One aspect
of the LBB evaluation pursued for each selected piping system is
performance of a preliminary LBB evaluation prior: to and
independent of pipe routing. This evaluation is used to provide
the piping designer with LBB acceptance criteria, in terms of a
range of materials, pipe sizes and NOP and maximum de' sign loads for
all locations on the pipe. If the acceptance criteria is met, an
acceptable result of the LBB evaluation of the final design is
assured. The range of piping parameters deteloped by this
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preliminary evaluation forms a " window" of acceptance criteria
j which the piping designer can utilize to route, design and support

the piping system,

j The preliminary LBB evaluation does not require determination of
) specific leakage crack locations, detailed analysis of finite
j element crack models, or prior calculation of NOP or SSE pipe
L loads. Crack opening areas may be calculated for large diameter
i pipes using methods such as the EPRI/GE estimation method of
f elastic-plastic fracture mechanics.- The EPRI/GE estimation method
i relies on a catalog of pre-analyzed pipes for a variety of sizes
i and material behavior. For smaller diameter pipes, the finite

elemant analyses described in Appendix 7A, Section 1.3.4 are
' performed.

The evaluation of crack opening areas vs. crack lengths is
i- performed first. .The EPRI/GE estimation or similar method' requires
! the material stress-strain properties to be in the form. of the

Ramberg-Osgood law (NP-1931, "An Engineering Approach for Elastic-
L Plastic Fracture Analysis") . The preliminary analysis utilizes
i- best available material properties for the range of materials being
| evaluated._ The Ramberg-Osgood law is fit to represent many stress-
! strain curves of a range within a generic-type of material-(e.g.,
| three different types-or grades of stainless steel). Using the
! material properties in the form described above, the EPRI/GE method-
i is used to calculate the. crack mouth opening displacements for
j various crack lengths._ The crack opening areas are estimated from
a the crack lengths and opening-displacements'using an elliptical'

| approximation for the opening areas,
j

'

; Next, the leakage rates are computed from the crack -lengths and
! opening areas. _The pressure-only load _and a minimum NOP load are-
] used to create a range of loads and a corresponding range of. crack

i lengths. The results are leakage rate vs -crack length curves.--
3

i The J-integral curves are then calculated .using the J-integral-
j estimation methods _ of the EPRI/GE or a- similar. method. J-integral
j curves'are calculated for yhe leakage crack sizes for:both-(NOP +
| Maximum Design Load) and N2 x - (NOP + Maximum Design Load) . hThe
j . applied loads are chosen to create an acceptance range.
t
j. For some piping systems, this method _ creates a " window"_ofidesign-

requirements for the_ piping _ design.. In cases where this " window"r

j is developed, _ there could be a _ larger ranger of -acceptable ' loads
| beyond the window than-the preliminary-estimation method generates,
- for two reasons:
V

L A. The detailed piping design ultimatelyiprov' ides actual NOP -
{ loads, maximum design loads, and piping _ design. parameters
b
:
c
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f for the detailed finite element analysis of the crack in
'

the final LBB evaluation.
u

B. The crack length in the detailed analysis may be based on
calculated rather than conservatively low NOP loads, and
will therefore be shorter.

i Design of the piping system to the LBB requirements- developed using
the above approach will therefore assure that LBB will be ;

demonstrated in the final design.

1.3.4 DETAILED FINITE ELEMENT ANALYSIS

Detailed finite element LBB analyses are performed as a preliminary
analysis at the design certification stage, for pipes for which the
estimation method (Appendix 7A, Section 1.3.3) is-too conservative--

or inapplicable. A finite element analysis model .is used to
analyze the bounding crack cases in detail. For each location in-

i the piping system where a detailed evaluation is performed, at
least two firite element models are developed. One. model
approximating the leakage crack size at norma 1' operating loads is
used to' demonstrate safety margin on the loads. The other model,
having a crack length twice that of the first model, is' used to-

demonstrate the margin on crack size. Additional crack lengths may
be modelled in order to better define the J-integral vs. crack
length relationship.

,

A three-dimensional isoparametric brick element is used in the -

detailed analysis model. Symmetry is used to minimize the size _of
'

each model analyzed. Constraints are imposed on the models based
on symmetry. The crack surface area is free. from constraint in' the
direction of the crack opening. External pipe loads are-applied to'
the pipe' typically at a distance of-five times the radius of the
pipe in order to minimize local effects in the cracked region of-

~

the pipe. .

The detailed analyses of cracks in pipe welds require consideration
of.the properties of the pipe and the weld matericia. Per CESSAR-
DC, Section 3.6.3.5, .the LBB . analysis of cracks in-- pipe _ welds
results in: a _ bounding - case. when the material stress-strain
properties of the base. metal,_which has the -lower yield, and.the
fracture properties of the weld, which;has the -lower. toughness, are-

used-'in.corbination- for the entire structure analyzed. CESSAR-DC,,
-

,

Section 3.6.3.5 summarizes materials' selected for System _80+ piping--
,

.systemszevaluated-for LBB. For' preliminary;LBB evaluations, the?
stress-strain curve- and J-integral. are. developed from best=
available information. For final LBB evaluatic.M, 'the stress- ' ,

strain curve and J-integral- are developed by testing representative-
I samples of' piping material to be used in the_ piping system beingi~

evaluated. The ductile fracture parameter, J-integral, -is used -to -
'
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characterize the propensity for crack extension and stai .y in
'

the piping material under consideration.

The primary loading on the pipes are those occurring during NOP.
It is this loading condition which is used to determine leakage
crack size. Crack opening areas are calculated at each bounding
location for normal operating conditions. For a 10 gpm flow rate,
the opening areas given in Appendix 7A, Section 1.3.2 are used to
determine the leakage crack length.

The NOP and maximum design load combinations are used in the
analysis to envelope the loads. The loads applied are as follows:

A. Pressure Loads

The internal pressure is applied to the inner surface of
the pipe, and the average pressure is applied to the crack
face to account for the pressure drop from internal to
atmospheric pressure across the crack. A longitudinal end
force equilibrating the pressure is applied remote from
the crack. The first incremental load step is scaled to
the first yield of the pipe material. Subsequent loading
is applied until f 211 pressure is reached.

B. Normal Operation Loads

The axial force and bending moment is applied to the
remote end of the model. The loads are applied in small
increments. This method of load application allows the
analysis to precisely follow-the stress-strain curve-of
the material.

C. Maximum Design Loads (Largest of the Safe Shutdown
Earthquake Loads, Critical Thermal Transient Loads, or
Normal Operation Dynamic Transient Loads)

I

The same procedure followed for the NOP loads is used for
the maximum design loads. These loads are applied,

' incrementally to the model which is loaded by the pressure
and normal operation loads.

s

To evaluate margin on loads, all the loads used in Steps A to C
above are added together and then increased to demonstrate
additional margin, per NUREG-1061, Volume 3. The additional loads

; Are applied to the model so that the total load applied is equal to
v2 times (Pressure + NOP + Maximum Design Load) . The resulting J-
integral value is compared to the material fracture properties in;

order to demonstrate crack stability. The final LBB criteria are
: J < Jm and dJ/da < dJm/da for the crack sizes and loading

previously given.
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To evaluate margin on crack size, the model with a crack size twice
the assumed leakage crack length is used, per NUREG-1061, Volume 3.
The pressure and moment loads are applied in the same fashion. The
sum of the loads applied is equal to (Pressure + NOP + Maximum
Design Load).

The J-integral technique is used to demonstrate crack st, ility
with the margin on load and margin on crack size. The J-integral
is determined in the finite element analysis for pressure, NOP and
maximum design loadings for the two or more crack lengths for each
geometric model. The stability evaluations are made by comparing
the J vs. "a" and Jm vs. "a", where "a" is the crack size.
Intersection of.the curves 11]ustrates that crack stability is
assured, indicating that LBB is demonstrated for the crack
evaluated. Crack stability is assured for each location in a given
piping system where the loads are within the window analyzed, which
demonstrates LBB for that piping system.

2.0 APPENDIX 7A REFERENCES

2.1 NUREG-1061, Volume 3, " Evaluation of Potenttal for Pipe
Breaks", November 1984.

2.2 NUREG/CR 4572 (BMI-2134), "NRC Leak-Before-Break (LBB)
Analysis Methods for Circumferential1y Through-Wall Cracked
Pipes Under Axial Plus Bending Loads", R. Klecker, F. Brust,
G. Wilkowski, May, 1986.

2.3 EPRI Report No. NP-1931, "An Engineering Approach for
. Elastic-Plastic Fracture Analysis", V. Kumer, M. D. German
and C. F. Shih, July, 1981.

2.4 USNRC Regulatory Guide 1.45, " Reactor Coolant Pressure
Boundary Leakage Detection Systems", May 1973.
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1.0 FUNCTIONAL CAPABILITY REQUIREMENTS

ASME Code Class 2 and 3 stainless steel elbows should be considered
to meet the functional capability criteria when the following
equation is met. Functional capability evaluations are only
required on elbows with D,/t > 50.

B* + B'. s1.8S (Eqn. 7B-1)*
!g2t> sZ>

3
(-0.1 + 0. 4 h) , and 05B 5 0.5Where: B =

i

0.5 for B, = 1.0And: B =
2;

'<
B, = 1.3/h'2 for =, > 90*8

0.895/h "8 for =, = 90*=

1.0 for =, = 0'=

but not less than 1.0

Linear interpolation is allowed for values of =,
between O' and 90*.

h = tR/r8
i

i =, = angle of the bend

R = elbow bend radius (inch)_

mean radius of pipe (inch)r =-

pipe design pressure (psig),P =
;

pipe outside diameter (inch)D, =
.

nominal pipe wall thickness (inch)t =
;

moment associated with. plant faulted loadsM =
3

,

yield strength of material at design temperatureS =
y

8section modulus (in )Z =

.

DRAFT 7B-1 July 25, 1992 *
4

l



n --- -

i

LEAK-BEFORE-BREAK EVALUATIONS

AND

GAMPLE PIPING ANALYSED

,

m.- - _



|

APPEllD1X A

SURGE lit 1E

PRELIMIllARY ROUTIt1G A11D LOADS A11ALYSIS
1

.

I

j

i

4

.

>

i'
.

?

1

i
e -

i
!

<
f

|
4

I
f
i
'

t

; *

<

i

i-
>

B

f

f

! .

.

!
,

p. .

i

R

e

$

F. :

! ' )
;. >

_. .____ _ ..-.. :;.--......-.. ,,_.n......_..._..,.__,__,_..,..-.~...-.,_.,,_.-_,-....._.,,-

. , , . . . . _ . _ - . . - .



, < _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ , _ _ _ _ __ _ _ _ _- _.__ _ _ - __ _ . _ _ _ . . . _ _ .

]

,

I

i
a

i SURGE LINS
i
j EHELJJilNARY ROUTING AND_ LOADS ANALYSIS
1

2

j Eyrnose

i This appendix reports the results of a preliminary stress analysis
of the System 80+ surge line in the Reactor Building to provide
applicabic forces and moments for the Leak-Before-Break (LBD),

i evaluation. The piping included in the model is represented in the
isometric sketch that follows. The analysis model originates at'

I the hot leg noz::le and terminates at the Pressurizer nozzle.
Anchors are modelled at these-locations. All applicabic design:

! conditions, loadings, codes, and regulatory requirements are
i defined in the System 80+ certification Program Draf t Distribution
i Systems Design Guido, Reference 2.
!

1 The types of analysis results required for the LBD evaluation are
! shown on the following page. Other results in the detailed

analysis include pipe displacements, stresses, support / restraint'

: loads, and nozzle loads -(anchor loads) . -Since the analysis is-
j' preliminary and design information is not available for allowable

nozzle loads, it is not within the scope of the calculation to
| evaluate those loads.
i-
j A code compliance check is performed to verify that pipe stresses
; are within the ASME allowables fr the pipe as modelled. As

additional design information becomes ava ila h 'Le , it will be3

j included in a final analysis.

j-

Method
~

The piping is modelled as a three dimensional framework for
I analysis. Static analysis is performed Py the Direct Stiffness
! Method and a simple Lumped Mass Idealization is used to determine
; mode shapes and frequencies for the dynamic analysis. This piping
: is analyzed using the SUPERPIPE computer program.
i

!

4

;

d

J

i

4

Y

.

i

.

s

.
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1. ASME Boller and Pressure Vessel Code, Section III, 1989.

2. Draft Distribution Systems Design Guide.

3. ABB-CE Letter dated 4/21/92 to R.W. Bonsall enclosing
Preliminary Thermal Movements and SSE Sciamic Anchor
Movements.

4. ABD-1mpoll memo dated 5/21/92 to ABB-CE, Attn: R.A.
Matzle enclosing System 80+ 14-411 Spectra and SAM.

5. System 80+ tiuclear Island Detailed Arrangement Drawings.

6. System 80+ Reactor Coolant System Piping and
Instrumentation Diagram.

Resulta
'

Forces and moments results for the load cases listed below are-

provided for the Leak-Before-Break evaluation shown in Appendix G.

1. Gravity - Fluid-filled

2. Thermal Expansion - Uniforia Temperature

3. Thermal Expansion - Stratified Flow (653*F top,
293*F bottom)

4. Thermal Expansion - Stratified Flow (480*F top,
120*F bott9m)

5. Thermal Expansion - Stratified Flow (653*F top,
621*F bottom)

6. Gravity + Treemal - Uniform (1+2)

7. Gravity + Thermal - Stratified (1+3)

8. Gravity + Thermal - Stratified (1+4)

9. Gravity + Thermal - Stratified (1+5).

10. Seismic Inertia - SSE

11. Seismic Anchor Movement - SSE

12. Seismic Inertia + Seismic Anchor Movement

.

-
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IMPELL CORPORATION PAGE 104
EUPERPIPE VERSION 22E 05/31/90 : SYSTDft ABB COMBUSTION ENGINEERINO - HP/ APOLLO DCMAIN/CS 23-JUN-92 16:01 26

SB06 SUROE LINE DL"r/THER/SEIS F03 LB3 .(Ibb2 )

LCAD CASE NO. 1 (GRA1|, FORCES AND HOME Tr3 IN LOCAL COORDINATES (CC!r D. ).

RUN SOP DCP AXIAL Y 7. XX YY n
CROUP MMB NAME FORCE F0FCE FCRCE M3'ZNT MOME!rr MOMENT'

(LB) (LB) (LB) TLB.IN) (LB.IN) (LB.IN)

PRN1
(CCNTD.)

26R 9B -1915.87 -24.23 205.99 -10470.61 -36018.47 -14961.72
27 -2582.57 -24.23 205.59 -10470.61 -27796.64 -13993.97
28 10 -3349.27 -24.23 205.89 .0470.61 -19574.79 -13026.23
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I .IMPELL CORPORATION ..

ABB CCMSUSTION ENGINEERINO - HP/ APOLLO CCMAI!UCS 23-Ju*b92 16:01:2i'
!FAGE 109
-

, ;. SUPERPIPE . VERSIO28 22E .05/31/90 i SYSTEM:
~ '

- S80+ SURGE LINE I5C/THER/SEIS FOR LSB (Ibh2)
I h

I
-f LOAD CASE NO.: 8.-(TliMN) . FCRCES AND MOMENTS IN LOCAL CCORDINATES (CCMTD.)
1 .

. 3

; RUN. ..~ SOP 'DCP.4 . AXIAL . Y Z XX Tr |||7. >

*

CROUP 'MMB .NAME' FCRCE -FORCE FORCE MCMCIT MCMEh? MCMENT'

(LB) (LB) (LS) (LB.IN) (LB.INI (LB.IN) i

PRN1
-{CONTD.)- ,

.

-6276.00 -992.69 -176170.25 -149023.78 41975.6426L : 93 - '516.14 ,

~26R ' 93 ' 516.14 -5139.79 3735.92 -176170.23 -75765.18 134966.28 i4

i

^27 516.14 -5139.79 3735.92 --176170.22 92559.93 366562.31 ',

j 29 10; 516.14 -5139.79 1735.92 -176170.23 260863.78 596139.31
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FACE 114
IMFELL CORPORATION 2 3 -JtTN-92 16:01:2d

'SUPERPIPE VERSION 22E 05/31/90 i SYSTEM: ABB COMBUSTION ENOINEERING - HF/AFCLLO DOMAIN /oS
S20+ SURGE LINE INT /THER/SEIS FOR LSB (Ibb2)

LOAD CASE NO.' .3 (STRH). FORCES AND MOMENTS IN LOCAT- COORDINATES (C0t:TD. )

RUN SOP DCP- AX1AL- Y Z 71 (Y ~2

GROUP MMB NAME FCRCE FORCE FORCE MOMENT Ma4ENT MCMENT

(LB) (LB) (LB) (LB.IN) (LB.IN) (LB.INI

PRN1
(CONTD.)

26L -9B 1676.90 -10120.60 8344.76 -591997.56 -2341552.25 -225906.98
26R 9B 1676.90 -1255.71 13056.98 -619211.25 -1899923.63 1564756.63
27 1676.90 -1255.71 13056.99 -619211.19 -1310634.12. 1621333.13
28 10 1676.80 -1255.71 13056.99 -619211.25 -722342.06 1677910.13

|
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| PAGE 11rIMPELL CORPORATIOM -
SUPERPIPE VERSION. 22E 05/31/90 : . SYSTEMr ABB COM3USTION d!OINEERING - HP/ APOLLO DOMAIN /OS

23-JLN-92 16e01:26
,

S80+ SCRGE LINE DWT/THER/SEIS FOR LBS (1bb2)

LOAD CASE NO.' ' 4 (STRL). . FORCES AND MOMENTS IN LOCAL COORP' NATES
' 'RUN . SOP . DCP- AXIAL Y Z XX YY ZZ

,1- CROCP MMB-NAME FCRCE FORCE FORCE MOMENT MOMENT MOMENT
j. (LB) (LB). (LB) (LS.IN) (LB.IN) (LB.IN)

h

-I PRN1
1 l' 1539.43 .1538.36 1439.87 258819.12 -1520'214.88 1059396;?0

j- 2L 2A 1539.43 1538.36 1439.87 258819.12 -1417149.50 949281. >
r- 2R 2A 1539.43 1439.87- -1538.36 268369.69 984310.06 '1469443.90
1 -- 3L 2B -1431.83 1546.91 -1538.36 -?S4131.94 244580.08 1413592.00

3R 2B -1431.83 '1S46.91 -1538.36 -954132.00 244580.09 1413592.00
4

4 -1431.83 1546.91- -1538.36 -954131.94 167392.31 1335975.13
SL . 3A -1431.83 1546.91 -1538.36 .-954132.00 90204.24 1258358.00-

SR ' 3A -1431.83 -1546.40 -1538.88 -954132.06' 1257071.13 -96758.30
6L. 3B 1546.36' -1431.87 -1538.88 -1228971.37 -983024.31- -40777.21,

i; 6R. '3B 1S46.36 1531.39 -1439.87 -1228971.37 356S3.15 '-983223.38
|' ~7 1546.36 1531.39 - -1439.87 -1228971.37 -65185.50 -1090471.50
= 8 1546.36 1531.39 -1439.87 -1228971.37 -166024.56 -1197720.25

9 1546.36' 1531,39 -1439.87 -1228971.37E -266863.66 -1304968.75
.

10L 6A '1S46.36 1531.39 ' -1439.87 -1228971.37- -367703.09 -1412217.75
10R 6A ' .3546.36 -1447.84 -1523.86 -1228971.37 -1410281.50 375060.69'

11L 6B- 1447.88 1546.32 -1523.06 1438891.50 -1257653.75 '373209.59'"

* 11R 68 1419.11 1558.59 1538.36' 1445711.75 -352903.47 -1255592.63
12L 60 1419.11 1558.59 1538.36 1445711.75 -341655.94 -1267088.00
12R 60 1448.59 1531.22 1538.36 1438928.88 -369181.63 -1267088.00
13 1448.59 1531.22 1538.36 1439929.00 -258734.92 -1377022.50

I: 14 1448.59 1531.22 1538.36 1438929.00. -148287.81 -1486957.50
- 15 1448.59 1531.22 1538.36 1438928.88 -37840.67 -1596892.38
! 16L- 61 1448.59 1531.22 1532.36 -1438928.88 -72606.84 -1706827.75

' '

j 16R 61 1447.91 1531.87 281.94 .1438896.50' '73247.44 -1706827.75
17' 1447.91- '1531.87 281.f4 1438896.50 87846.55 -1786149.25
18L- 7A' 1447.91 1531.87 281.94 1438896.50 102445.70 -1865471.25
18R 7A . 1447.88 278.60 -1S32.51 1438894.'38 -1965690.00 ' -98411.64-

-110085.76.

'19L 7B- 826.82. 1220.80
-1532.51 -2345127.75 -322185.69 '-322421.1619R 7B -826.81- 1535.13 1217.50 2345127.50 109394.08-

20L- 71 826.82 153S.13 1217.50 2345127.50 .193831.05 -416277.22*

20R 71 7885.31 1498.23 8276.09 2345127.50 183831.05 -416277.22'

21L- 'BA '7895.31 1498.23- 8276.09 234S127.50 598697.50',-491381.00
<

21R BA 7885.311 -8283.72 1455.46 ~2345127.75 488282.00 -601227.632

22L. 8B - 8283.93 7885.08 1455.46 -515576.34 2372499.25' 608720.50
i- 22R 8B. 8283.93 1496.66 -7877.37 -515S76.47 621113.25 -2369285.00

296123.00 -2431031.50
t- ,23L 81A 8283.93 1496.66- -7877.37

-515576.47 . 2429469.50 308675.50'

23R - 81A 8283.93 7869.53: 1537.33 -515576.28
24L Bla -7869.31. 8284.14- - 1537.33 -2458379.50 -486614.50 5042.25
24R 81B - '869.31 1580.09 -8276.09 -2458379.75 2528.79 486634.00

J 2SL 9A -7869.31' 1580.09 -8276.09 -2458379,75 '-339708.63 421293.09
- 2SR 9A -7869.31 -1580.09 8276.09 -2458379.75 339708.53. -421293.09
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|' IMPELL CCRPORRTION PAGE 123 'l
^ SUPERPIPE VERSION 22E '03/31/90 ; SISTEM:

'

i;
~

'

ABB CCMBUSTICN ENGINEERINO - HP/ APOLLO DOMAIN /OS 23-JUN-92 '16:01:26 !
,

S80+ SUROE LINE DWT/THER/SEIS FOR LBB (1bb2) - '
.,

b !.- . t

{ LOAD CASE No. 6 (ST3215 FORCES AND MOMENTS IN LOCAL COORDINATES f
I. RUd . SOP DCP . AXIAL Y Z XX YY

. MOMENT
ZZ!' CROUP MMB NAME FORCE FORCE FORCE MOMENT MOMENT r

] . l LB;) (LB) (LB) (LB.IN) (LB.IN) (LB.IK) ,

I
. i

t. PRN1 -

7009.73 4002.10 1053015.37 -493644.8* 656482.06
!

1 l' 1 ~632.49 '

i 2L 2A 632.49 .7009.73 4002.10 1053u15.37 -172709. 94320.65 j
2R 2A 632.49 4002.10 -7009.73 1053015.50 94320.ov 172709.64 i

; 3L 2B -3998.75 -di3.3 4 . -7009,73 52?99.23 911122.38 78670.52 - !

*
3R 2B -3998.75 653.34 ~-7009.73 52799.22 911122.38 ' 78670.52 I'

4 -3998.75 653.34 -7009.73 52799.22 S31084.62- 43299.53 f

i- '' 3A. -3998.75 . 653.34 -7003.73 52799.22 -151045.42 7928.42-
fi fa 3A -3998.75 -7013.04 -616.01 52799.23~ 7141.46 -151084.69

eL ' 3 B .. 7012.93 -3998.942 -616.81 ' f5368.71 40290.34 72564.14<

6R 3B 7012.93 595.96 -4002.10 5368.70- -72353.16- 40668.01
7 7012.93 595.96- -4002.10 5368.70 -375180.75 ~.-4359.90

I 8 7012293 595,96 -4002.10 5368.70 -678009.63 -49388.00
.' ;

'

*
1 9 7012.93 595.96 -4002.10 5368.68 -9P0038.44. :-94416.10,

10L 6A 7012.93 595.96 -4002.10 5368.70 -1283668.62 -139444.37 r

iOR- 6A 7012.93 .-4005.15 -575.09 S368.70 -132750.08 1284378.13
11L 6B 4005.34 -7012.83 -St5.09- 144411.56' -6296.58 1223286.25 t
11R '6B :3993.26 686.07 7009.73 -167159.91 -1220402.00 76.07- i

f 12L 60 3993.26 686.07 7009.73 167159.91 -1165024.30 -5336.65 t

| _ 12R , 60 4005.63 609.74 7009.73 145874.00 -1168012.63' -6215.65
' '

1 13 4005.63- 609.74 7009.73 145874.00 -624256.63 -53514.45
is 14 4005.63- 609.74 7009.74 145874.00 -80498.72N -100813.4*a *

15 4005.63 609.74 .7009.73 145874.00. 463259.37 -148112.39 !

16L' 61' 4005.63 609.74 7009.73 145874.00 1007019.19 -195411.55' !

'6R- 61 4005.35 611.53 -4974.58 145425.64 -1007084.06 -195411.55-

z.
.' ' 4005.35. -611.53 -4974.58 145425.64 7?8771.13 -229624.72 . i
18L 104 .4005.35. 611.53 -4974.58 145425.64 450457.25 -263037.97

''

18R . 7A - 4005.34 -4975.90 -600.77 145416.11. -264818.72' -449884.44-

19L. 7B .6350.69 .-686.36 -600.77 293652.50 -93061.23 -402251.88 -

1 19R :7B 6350.69 599.30/ -687.6! 393652.50 402051.22' -93924.25' !

'687.6! .93652.50- .'356626.56 -133512.70
'

2 0L . 71 6350.69 599.30L4 - -

|e 20R - 71 6840.92 596.74 ' -197.4 293652.50 356626.56. -133512.77
" 197.4 293652.50- 345934.72 -165832.20596.74--; 21L' BA :6840,92

~ 194.32' 597.7t 293652.47' L164043.80: 346786.69 ' *

-

!f 21R 8A' 6840.92- ,

! 22L' 8B" -194.14 6840.93- $97.73 -176175.42 305796.81 203909.94
| 22R 8B' -194.14 633.50 -6817,71 -176175.45 3205504.56 '-304726.78 ;

3 23L 81A' -194.14 -633.50 -6837.71 -176175.45- -99290.01 -332965.28
: t

1

23R 81A -194.14 6834.3Sc 668.61 .-176175.42- 333473.63 -97568.09
i 24L '818. -6834.35 -193.951 668.81 -347061.03 -162583.47 '-232427.58 i
i 2 4R - 81B - "-6834.35 667.80- 197.41 -347061.03 -233264.23- 161380.81 !

-6834.35-- .667.80- 197.41- -347061.03 -224444.22' 131543.97 j| 25L ' 9A:
- -6934.35-- -667.80 : -197.41 -347061.06! '224444.20' -131543.97 i2SR 9A..

-s -
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= IMPELL CORPORATION . PAGE 124
' SUPExPIPE VER:P 't 222 05/31/90 J SYf"EM: ABB CCMBUSTION ENGINEERING - HP/ APOLLO DOMAIN /OS 23-JUN-92 16:01:26

i. S80+ SURGE LINE DWT/THER/SEIS FOR LBB (Ibb2)
j:

.

'

LOAD CASE NO. 6 (ST32), FORCES AND MOMENTS IN LOCAL COORDI;!ATES (CONTD. )

' RUN - ' SOP DCP- AXIAL Y Z XX TY ZZ
CROUP. - MMB :' NAME. FORCE . FORCE FORCE HOMENT ' MOMENT MOMENT

j .. (LB)- (LB) {LB) (LB.IN) (LB.IN) (LB.IN)

$ '' PRN1
(CONTD.) .- .r

* ~

26L . .9B 632.49' ~6937.71 .-197.41 -222245.J6 -349906.25 . 20102.93
- 26R 9B 632.49 -4974.58. 4695.40 -222245.33 "-233206.17.. '261636.02
f .. 27 632.49 -4974.59 4695.40 -222245.31 -21652.14- .< 4 95768. 4 4-

[- 28 10- 632.49 -4974.58 4695.40 -222245.33 189902.83 '709901.87.

:
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f. !IMPELL CORPORATION- -

.. . 'PAGE 128 .- ;
-

JSUPERPIPE' VERSION .22E 05/31/90 s SYSTEM: ABB CCMBUSTICN ENOINEERING - !{P/ APOLLO DOMAIN /OS 23-JUN-92' 16:01:26-

-S80+ SURGE LINE DWT/THER/SEIS FOR LEB [1bb2)
.

at i

f LOAD ; CASE No. 6 - (THDW), FORCES AND MOMENTS IN LOCAL.COCRDINATES '

'

NUN 1 SO P . DCP AXIAL Y- Z KX YY Z2-

d- GROUP MMB NAME FORCE FORCE _ FORCE MCMENT MOMENT MOMENT- t
}. (LB) !(LB) : (LB) (LB.IN) (LB.IN) (LB.IN)
il |

PRN1- -

4 l' 1 2855.99 7101.62 4011.35 1063595.50 -369993.78 - 520607.06 't

2R 2A- '1491.38 4011.35 -7101.62- 1063595.63 -48573.28
. -48573.30 |2L "2A 1491.38 7101.62- 4J11.35 1063595.50L -48428.73'

49428.73 t

3L :28 -4006.34 971.20.- -7101.62 197514.73 919180.06 -56055.69 i:

l' 3R' '23 -4006.34. 971.20; -7101.62 197514.70 919180.06. -56055.69 E!
.4 -4011.15 '48.70 -7101.62 197514.70 534397.25 -83867.55 i

.5L 3A -4015.96'
.-7120.97 -3695.84 -197514.70 -69134.14 ' -149260.17

,'-873.81 -7101.62 197514.70 149613.08 ;-67355.66
'5R '3A -3991.95
'6L. 3B '7118.04- -3994.97 .-3153.00 130932.42 '134718.25 76325.61 1<

7. 7111.33
~ 3132.13 -4011.35 130932.42- -75622.41' 135114.256R JB 7118.04 +

1844.53' -4011.35 130932.42 -379044.28- -35896.25
8 7104.62 556.93 -4011'.35 130932.42. -682467.44'.-120535.01 1

9 . - 7097.91 -730.68- -4011.35- 130932.41 .-985890.50 <-118833.6J -.

10R- 6A! 7091.20 -4000.77 2039.18 130932.42- -24056.79 ' -30779.06
i- i 10 L ' :6A '7091.20 -2018.29- -4011.35

130932242"-1289314.88 . 1289457.88
11L K6B- 3998.14- .7088.27 2582.02 .-16470.61 -171463.81 1226747.63 ,=

i" 11R~ 6B- J3971.08. 3031.46 7101.62 6352.81.-1225932.00 '177852.09'
12L' 60- 3972.88 -2897.04 7101.62 6352.81 -1169862.88 156586.56

'12R 60 4 4027.44 2820.70 7101.62 -15972.32 -1169771.13 156586.56
13- 4019.94 1500.71 '7101.62 -15972.32 -619191.88 3683.93 -

. '"

. 14 4012.44: . 180.71 '7101.62 -15972.32' -68610.55' -58467.99
i 15 . 4004.94 -1139.29 7101.62 -15972.32. '481970.91 -29868.46'~

-t
!

1 16L' ' 61 v 3997.45' ~ -2459.3 0 '7101.62 -15972.32 1032554.P' 89483416
*

^ 16R' 61 4026.f2 2906.17: -5164.02- -16432.02 -1032547.00 89483.16: .

17' . 4021.64< 1954.15' -5164.02 -16432.03 .743789.38' -34167.39
18 L- -7A . '4016.65' 1002.12 -5164.02 -16432.02 455030.78 -110611.69

; 18R 7A- 4016.63 -5166.19, -990.95 -16441.63- -111602.77 -454788.38 -

; 19L' 7B- 6491.81' :-813.52 -719.53 .72124.27. -102217.63 -404521.34
4 19R 7B "6491.81- 717.78 '4815.06 72124.27 .404301.06' -103085.50 1

4 20L' 71- 6485.93- .-406.30c :~815.06- 72124.27- .-350521.84'' -115826.77 4

20R 71. . 6436.77' -406.04 -864.23 .72124.27~ 350521.84 -115826.77 i*
'

- '21L BA 6431.95; .-1327.68 -864.23- 72:14.27 302922.81 -77191.73
'

21R ' BA 6448436 854.86: 1916.66 72124.25 175626.07 303317.47:-

22L iaB:- ~-857;49 6445.55'.
~-6438.80 '-104565.70- 155602.94 -100256.67' I

,-

1273.82' -108565.69 L101068.65 '155076.77 4

22R: 8B' --857.49 1307.494

4. 23R 81A -861i41
. 548.97 ' -6438.80 -104565.70;?-130585;25- -139570.3123L 81A J-861.41' .

,

6435.88 582.22 ?-104565.69- L140242.92 "-129862.61-
d 24L 81B -6438.71- -864.04n : z39.38 -147118.56' -97688.91 ;-242404.80
- 24R 81B- ' -6438.71 34.91. -864.23'm-147118.58 J-242906a14- 96435.58

25Li . 9A -6442.63J J-725.30 864.23 -147118.58 .-203640.11 '107319.501
(; : '25R |9A- -6442.63- 725.38 ' -864.23 . -147118.58- "203640.11' -107319.50.

. .
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,, CORPCRATION ..
,

s SYSTEM: ABB COMBUSTION ENGINEERING -HP/ APOLLO DOMAIN /09 23-JUN-92 16:01:26
IMPELL PAGE 129'

'

#

. SUPERPIPE VERSION 22E .05/31/90 rj_ '''
.

, :

} SB0+ SURGE LINE DWT/THER/SEIS FOR LBB (1bb2) ' I
.

LOAD CASE NO. 6 (THDW)i FORCES AND MOMENTS IN LOCAL COORDINATES (CONTD.)-,

:
.. SOP DCP AXIAL Y- Z. XX YY ZZRUN .,

4: GROUP' MMS -NAME' FOROE FORC2 FORCE' HOMENT MOME!U MOMENT i
(LB) (LB) [LD) -(LB.IN) .(LB.IN) -(LB.IN) 1

h'- PRN1 r
1 (CO!CD. )
1: 261. 9B -1299.73 -6438.00- -864.23 -196640.86 -163913.16 5927.20 ;

L :26R 9B ~ -1299.73 -5164.02 3941.82 -186640.94 -111783.65 .120024.57~

27- '-2066.4? -5164.02- 3941.82' +196640.83 -64762.29 352568.J4..

j- 29 10; -2833.13 -5164.02 3941.82 -196640.94 241309.00 -585113.12

,
t

S.

"
1
v

:2

i:
.

k

k

|
s

(' ;

..

-

.

$

1..,.

!

l'. ,

'

4
4

; .
1

4'

i
i
j$

.. .
.

-
.

_.
A b

i

4-

I -
..

.

4 .
.. I

p..,-

t

. . _

$ s

!- ;
-- . ., .-- , , .- ~ . _ . . . , . ~. -, __-. _ _ _ _



. ._- . - _ . _ - _ _ _ , . . _ ~ _ . - . . . . - _.~.__m.--_-__._m,_.. .~,__m_m.._. m._. .

1: .

IMPELL CORPORATION PAGE 133
.SUPERPIPE VERSION 22E . 05/31/90 , SYSTEM: ADb COMBUSTICN ENGINEERING - HP/ APOLLO DOMAIN /OS 23-JUN-92- 16:01:26

'
S80+ SURGE LINE DWT/THER/SEIS FOR LSB (3bb2)

|

LOAD CASE NO. 7 (SHDW), FORCES AND MOMENTS IN LOCAL COORDINATES

RUN SOP DCP AXIAL' Y Z XX YY Z
GROUP- MMB NAME FORCE FORCE FORCE NOMENT HOMENT HOMENT

[LB) [LB) (LB) (LB.IN) (LB.IN) (LD.IN)
"

.

PRN1
1-. 'l 4016.64 3789.04 2707.41 578207.75 -1639363.13 1173961.37.

'. 2L 2A 2652.03 3789.04 2707.41 578207.75 -1433766.38 393275.75
t; 2R 2A 2652.03 2707.41 -3789.04 596053.13 926104.69 1488349.88
i' 3L 3B -2696.37 '2125.05 -3789.04 -849836.06 529350.63 1390792.38i 3R 2B .+2696.37 2125.05 -3789.04- -849836.13 529350.75 1390792.38

4 -2701.18 1202.54 -3789.04 '-849836.13 333096.25 1304456.13
SL 3A -2705.98 . 280.03 ~ -3789.04 -849836.13 136841.02 1262444.38 '

SR 3A ~2681.97 -3814.45 -4866.92 -849836.06. 1261714.30 -143415.73
6L 3B 3811.54 -2684.91 -4324.03 -1176652.75 -934888.69 -17344.05*
6R 3B 3811.54 4310.03 -2707.41.-1176652.75 12A71.19 -934966.44
7 3804.84 3022.43- -2707.41 -1176652.75 -183322.44 -1189584.30 -

8 3798.13 1734.02 -2707.41 -1176652.75 -379116.01 -1357851.63 '

9 3791.42 447.21 -2707.41 -1176652.75 -574911.19 -1439767.38
'10L 6A 3784.71 -840.40- -2707.41 -1176652.75 -770706.44 -1435331 00.

4 10R 6A 3784.71 -2702.99 854.50 -1176552.75 -1431293.63 778179.06
4 11L' 6B 2700.26 3781.81- 1397.35 1413323.50 -1158753.C'. 757208.62
! 11R '6B 2651.69 4174.53 3789.04 1427287.13 -736791.56 -1154792.75
1 12L 60 2653.49 4040.12 3789.04 1427287.13 -708194.00 -1184493.38

2730.11 3988.74 3789.04 ~1413513.00 -735301.38 -1184493.3812R 60 ' 2722.61 2668.75 3789.04' 1413513.00 -454484.16 -1422338.5013
; 14 2715.11 1348.75 3789.04 1413513.00 -173665.84 -1569433.50
' 15 2707.61 28.75 3789.04 1413513.00 107152.55 -1E25776.88 >

16L- 61- 2700.12 -1291.26 -3789.04 1413513.00 387971.84'-1591368.38
17

'

2728.77 4073.64 -1279.94 1413340.13 388601.16 -1591368.3816R 61
2723.79 3121.61 -1279.94 1413340.13 320233.81 -1776247.00

18L 7A . '2718.80 2169.58 -1279.94 1413340.13 251866.30 -1913919.25
i 19R' 7A 2718.76 -1284.67 -2166.85' 1413335.00 -1914463.25- -247725.81 |'
- . 19L 7B 2829.44 11013.44 .-1895.42 2364501.75 -381892.94 -245568.27-
1- 1R 7B ' 2829.44 1997.59. 1009.37 2364501.75 - 244748.14' --382418.97

20L 71 2823.56- -773.52 .1009.37 2364501.75 L308532.84 -468270.78
20R 71 ~ 10287.30 734.50 8473.21 2364501.75 - 308532.84 -468270.78 -

21L 8A .10282.49- -187.14 8473.21 2364501.75 746799.69 -487543.81 '
.

21R SA '10298.90' -8488.35, 2908.96 2364501.75 483680.00 749308.00
22L 8B 8455.82' ' 10295.83" 2366.12'.-533330.12. 2414230.00 - 714207.19
22R BB - 8485.82 2419.90 -10283.32 -533330.12 726816.75 -2410463.75:

23L '81A' 8481.90 1661.38- -10283.32 ' 533330.12 289083.69 -2496163.25-

23R'81A. 8481.91 10274.60 1714.47 .-533330.06 2494636.50 301972.75
24L 81B -10277.18- -8479.38- .1171.63 -2523013.75' -504900.03 .-61801.90

-

.24R 81B' .-10277.18 1215.41 -8473.21'-2523013.75 -64408.93 504574.12
25L 9A -10281.11 455.12 -8473.21 -2523013.75 -425950.16- 466109.09 i

25R 9A -10281.11 -455.12- 8473.21 -2523014.00 '425950.13 -466109.09.
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PAGE 134 *

!. IMPELL CORPORATION -22E.~05/31/90 ; SYSTEMS ABB COMBUSTION ENGINEERING - HP/ APOLLO DOMAIN /OS 23 -J'JN-9 2 16:01:26. ;
4 J SUPERPIPE : VERSION.
I .590+ SURGE LINE DWT/THER/SEIS FOR LBB (Itb2);- ,

|

| LOAD CASE No. 7 (SHDWh FORCES AND MOMENTS IN LCCAL COORDINATES (CONTD.) '
.

! RUN .-SOP DCP AXIAL Y Z XX YY ZZ
CROUP _.MMB NAME FORCE FORCE FORCE MOMENT MOMENT MOMENT

(LB) -(LB) (LB) (LB.IN) -(LB;IN)- (LB.IN),

'

.

!
+

-

PRN1

i- ~ (CONTD.)' 26L . '98. -139.07 .-10293.32 8473.21 -602468.'13 -2356441.75 -261955.41
.

26R- 9B -139.07 -1279.94 13262.87 -629601.81 -1934942.00 -1549794.98 - *
,

27 ' -905.77 ' ~1279.94 13262.87 -629681.75 -1338430.75 1607339.13
,

28 :10 -1672 49.- .-1279.94 13262.97 ~629681.91- -741916.81 1664983.88 .

.. t
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IMPELL COPPORATION PAGE 138 -- r

SUPERPIPE VERSION 22E 05/31/90 ; SYSTEM: ABB COMBUSTION ENGINEERING - HP/ APOLLO DOMAIN /OS 23-JUN-92. 16:01:26'

S80+ SUROE LINE U4T/THER/SEIS FOR L8B (1bb2)r

LOAD CASE NO. 8 (SLDW), FORCES AND MOMENTS IN LOCAL COORDINATES
4

RUN SCP DCP AXIAL T 2 XX YY ZZ
CROUP MMB NAME FORCE FORCE FORCE MOMENT MOMENT MOMENT

(LB) (LB) (LB) (LB.IN) (LB.IN) (LB.IN)
j

PRN1
1 1 3879.27- 1572.89 1452.41 262999.34 -1525664.13 1005548.06

'

2L 2A 2514.66 1572.88 1452.41 262999.34 -1421708.00 892979.50
2R '2A 2514.66 1452.41 -1572.88 272549.91 928000.38 1474001.50 1

4

3L 2B .-1442.10 1981.14 -1572.88 -897191.12 247845.37 140530(.30
3R 2B' -1442.10 1981.14 -1572.88 -897191.19 247845.39 1405206.38 i*

4 -1446.91 1058.63 -1572.88 -897191.12 168998.84 1328988.00
'

SL. 3A - 451.72 136.12 -1572.88 -897192.19 90151.96 1296994.13*

SR 3A -1427.70 -1597.57 -4734.56 -897191.25 1296507.00 -96907.29
6L 33 1594.70 -1430.58 -4191.72 -1214970.38 -978719.13 -40079.32

.6R 3B 1594.70 4184.21 -1452.41 -1214970.25 34977.71 -978914.69
. 7 1587.99 2896.60 -1452.41 -1214970.25 -66701.49 -1220894.25
t 8 1581.29 1609.00 -1452.41 *214970.25- -168301.12 -1376523.30 -

9 1574.58 321.39 -1452.41 -1214970.25 -270060.75 -1445000.63
10L 6A 156.'.87 -966.22 -1452.41 -1214970.25 -371740.75 -1428725.88
10R 6A 1567.07 -1447.35 973.78 -1214970.30 -1426768.25 .379184.34
11L 6B 1444.56 1565.00 1516.62 1405536.75 -1193810.00 376937.25

1 11R 6B 1398.64 4020.35 1572.08 1412426.00 -356918.81 -1191930.38
F 12L 60 1400.45 3885.94 1572.88 1412426.00 -345429.59 -1219990.88
i 12R 60 1474.34 3858.51 1572.88 1405577.13 -372319.41 -1219990.08
4 13 1466.85 2538.51, 1572.88 1405577.25 -259499.17 -1444552.50
| 14' 1459.35 1218.51t 1572.88 1405577.25 -146678.53 -1578363sBB
!- 15 '1451.85 -101.49 1572.88 1405577.13- -33857.85J-1623423.75

16L 61 1444.35 -1421.49- 1572.88 1405577.13 78963.20 -1573731.75
i

16R- 61 1473.06 3942.84 257.70 1405542.00 79588.95 -1573731.75
'

17 1468.08 2990.81 257.70 1405542.00 5.986.30 -1748998.75
ISL 7A 1463.10' 2038.79 257.70- 1405542.00 106393.84 -1877059.88"

i ISR 7A 1463.05 253.26- -2039.37 1405539.75 -1877207.13 -102323.82
- 19L 78 854.05 1213.03 -1767.95 2331699.25 -350695.13 -113755.47
| 19R 7B. 854.05 1770.55-

~1209.23 2331699.00 186938.00 -433672.13
1209.23 2331699.00 112985.45 -358938.34

1 20L 71 848.17 646.47-
? 20R '71. 8043.39' 608.86 8404.54 2331699.00 186938.00 -433672.13

21L 8A 8038.57 -312.78 8404.54 2331699.00 607970.50 -443963.03'

. 21R BA ' 8054.98 -8419.03 2783.66 2331699.25 440816.78 610255.63
j 22L 8B B416.45 8051.92 '2240.83 -487133.22 2378091.75: 617130.44 : t

22R 8B 8416.45 2282.89 -8040.09 -487133.34 629552.31 -2374833.25 .!
-i 23L 81A. 8412.53 1524.37 -8040.09 -487133.34 298133.25 -2452658.00
! 23R 81A 9412.53 8032.11 1565.88 -487133.16 2451085.25 310797.44

24L 81B -8034.69 8409.94 1023.03 -2475622.75-. -462542.47- 1923.04
24R 81B ' -8034.69' 1066.46 -8404.54 -2475623.00- -466.05 462546.22
25L 9A -8038.62 306.16' -8404.54 -2475623.00 -347790.06 432598.31

; .. 25R 9A -8038.62 -306.16 8404.54 -2475623.00 347789.97 -432598.31
; a

..,

.

'

;
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r
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IMPELL CORPORATION .

. PAGE 139
.

SUPERPIPE VERSION 22E 05/31/90 ; SYSTEM: ABS COMBUSTION ENGINEERING - HP/ APOLLO DOMAIN /OS 23-JUN-92 16:01:26 !,

4

,
S80+ SURGE LINE DWT/THER/SEIS FOR LBB (Ibb2)

T
,

. LOAD CASE No. 8 -(SLDW), FORCES AND MOMENTS IN LOCAL C00RDIt4ATES '(CONTD.)
;

RUN' SOP DCP AXIAL . Y 7 XX YY 22 - !

GROUP HMB NAMF- FORCE . FORCE FORCE MOMENT MOMENT MOMENT,

(LB) (LD) (LB) (LB.IN) (LB.IN) (LB.IN)

*
! FRN1

(CONTD.)
26L 9B -276.44 -8040.09 8404.54 -517635.06 -2315917.75 -200485.03
26R 93 -276,44 257.70 11628.11 -535056.87 -1897763.13 1489222.75
27 -1043.14 257.70 11628.11 -535056.87 -1396867.12 1478029.50

' 1809.85 257.70 11628.11 -535056.87 -895969.00 1466836.3829 10 -
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IMFELL CORPORATION PAGE 143
SUPERPIPE VERSION 22E 05/31/90 ; SYSTEM: ABB COMBUSTION ENGINEERING - HP/ APOLLO DOMAIN /OS 23-JUN-92 16:01:26

'S80+ SURGE LINE DWT/THER/SEIS FOR LBB (1bb2)
.

LOAD CASE MO. 9 (32DW). FORCES AND MOMENTS IN LOCAL COORDINATES

RUti SOP DCP AXIAL Y Z XX YY ZZ
CROUP MMD NAME FORCE FORCE FORCE HOMENT MOMENT MCMENT

{LB) (LB) (LB) (LB.IN) (LB.1N) (LB.IN)
|

| PRN1
1 1 2972.33 7044.26 4014.63 1057195.50 -499094.19- 602634.13
2L . 2A 1607.72 7044.26 4014.63 1057195.50 -177268.16 38018.98
2R 2A 1607.72 4014.63 -7044.26 1057195.63 38019.00 177268.164

3L 2B -4009.02 1087.56 -7004.26 109740.10 914387.69 70384,92i

'3R '2B -4009.02 1087.56 -7044.26 109740.09 -914387.69 70304.92'
4 --4013 82 165.06 -7044.26 109740.09 532691.13 36312.45
SL 3A -4018.63 -757.45 -7044.26 109740.09 150993.16 46564.52
SR- 3A -3994.62 -7064.22 ~3812.50 109740.10 45777.30 -151233.69
6L 3B 7061.28 -3997.64 -3269.66 19369.76 44595.49 73262.03' 6R 38 7061.28 3248.77 -4014.63 19369.75 -73028.60 44976.73 :'

7 7054.57 1961.17 -4014.63 19369.75 -376696.75 -134782.69 !

B .7047.86 673.57 -4014.63 19369.75 -680366.19 -228191.20
' 9 7041.16 -614.04 -4014.63 19369.73 -984035.50- -235247.95

10L 6A 7034.45 -1901.65 ' 4014.63 3 19369.75 -1287706.13 -155952.42-

10R 6A 7034.45 -4004.66 1922.56 19369.75 -149236.84 1288501.88*

|- 11L 68 4002.02- 7031.51 2465.40 111056.87 57547.21 1227013.88-
11R 6B 3972.80 3147.83 7044.26 133874.20 -1224417.38 63938.42t

1 12L 60 3974.60 3013.42 7044.26 133974.20 -1168798.13 41760.53
12R 60 4031.38 2937.03 7044.26 112522.33 -1171150.38 40881.54< -

i 13 4023.88 1617.03 7044.26 112522.33 -625020.94 -121044.49
14 4016.38 297.03 7044.26 112522.33 -78889.45 -192219.84*

15 4008.89 -1022.97 7044.26 112522.33 467242.19 -172643.72
,|' 16L .61 4001.39 -2342.97 7044.26 112522.33 1013375.56 -62315.58 i'
4 16R 61 '4030.51 3022.50 -4998.81 112071.15 1013425.56 -62315.58

17 4025.52 2070.47 -4998.81 '112071.15 733910.94 -192474.203

1 18L 7A 4020.54 1118.45 -4998.81 112071.15 454395.38 -275426.56
| 18R 7A 4020.52 -5001.24 -1107.64 112961.53 -276415.87 -453796.39

19L 7B 6377.92- -694.13 -836.21 200224.00' -129570.65 -405921.564

20L :71 6372.04 .-289.36 ' -695.92 280224.00 405642.56- -130441.45.-19R 78 6377.92 834.72-

-695.92 280224.00 359733.53 -150907.61'

20R- 71 6999.00 -292.63 ' -68.95 200224.00 359733.53 -150907.61
21L BA 6994.18- -1214.27 -68.95 200224.00: 355207.75 -118414.84
21R BA 7010.60 59.01 .1925.96 280223.97 116578.57 '355814.66
22L 8B -61.62- 7007.76- 1303.12 -147732.27 311389.25- 212318.84.

22R 89 -61.62 1419.73- -7000.44' -147732.30 213943.59 -310275.19
-23L 81A -65.54 661.21. -7000.44 ' 147732.30 -97279.77 -354591.75-

' 2 3 R .- 81A -65.54 6996.93 697.36 '-147732.27 355089.44 -95446.97
24L c 81B -6999.73 -68.16 154.51 -364304.50- -138511.44 -235546.80

3 24R 81B -6999.73 154.16 68.95 -364304.50 -236259.06 137293.00 -

25L- 9A -7003.66 -606.13 '68.95 -364304.50- -232525.67 142849.20
25R 9A- -7003.66 606.13 -68.95 -364304.53 232525.66 -142849.20.
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1 IMPELL CORPORATION .. -

- . . PAGE 144
- SUPERPIPE VERSION'. 22E . 05/31/90 t .SYFTEM: ABB COMBUSTION ENOINEERING - HP/ POLLO DOMAIN /OS 23-JUN-92 16:01:26

) ' S90+ SURCE UNE IT#F/THER/SEIS FOR LBB (Ibb2)
;

LOAD CASE'NO.'9 (32DW), FORCES AND MOMENTS IN LOCAL COORDINATES (CONTD.)
*

.

. RUN SOP DCP AXIAL Y Z XX YY ZZ'
CROUP HMB 'NAME FORCE FORCE FORCE HOMENT HOMENT MOMENT

- (LB) . {LB) (LB) (LD.IN! '(LB.IN) (LB.IN)

4 PRN1

}
' (CONTD. ),

26L, 9a '-1183.38 ~-7000.44 -69.95 -732715.97 -364795.63 -15945eS1o

4 .: 27 ' 9B
-1183.30 -4999.61 4901.30 -232715.94 -269224.63 246674.3026R2

-1950.09. -4999.81 4901.30 -232715.92 -494t8.78- 471774.44
? ::8 -- 10 -2716.79 -4999.81 4901.30 -232715.94 170328.05 .696875.63
4
4
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i' IMPELL CORPORATION PAGE 164
j, :SUPERPIPE VERSION '22E 05/, <90 f SYSTEM: ABB COMBUSTION ENGINEERING - HF/ APOLLO DOMAIN /OS 24-JUN-92 09:56:00

,

I S80+ SURGd LINE DWT/THER/SEIS FOR LBB ~(1bb2) 4

.

h

i"

LOAD CASE NO. hD (EOSI), ' FORCES AND MOMENTS IN LOCAL COORDINATES ;

RUN SOP DCP - AXL4L Y Z XX YY ZZ,

GROUP MMB HAME FORCE FORCE FORCE MOMENT MOMENT MOMENT
(LF) (LB) (LB) (LB.IN) (LB.IN) (LB.IN)g ,

.PRN1 ,

1 1 1 17550.01 31297.49 24974.03 1778011.13 2369006.00 2471061.50
l' '2L 2A 17412.60 31139.75 24466.19 1778811.13 1821226.50 . 797598.06* ,

2R 2A 17332.71 23164.66 30721.71 1778811.13 797998.G6 1821226.50 !

t' 3L 2B 23178.26 17315.45' 30721.71 900455.00 1241216.50 1599864.13 *

3R 2B- 21278.15 16990.86 29760.21 900455.00 1241216.50 1599964.13 !
i 4 21278.15 16990.86 29760.21 900454.94 375137.06 838872.19
| .5L 3A 19045.29 15143.31 27330.54 900455.001 1557091.75 376202.19 ,

< SR - ' 3A 17450.53 24535.76 12434.03 900455.00 379308.53 1556863.88 i
L 6L. 3B' .24536.04 17450.12 12434.03 403343.56 .-833945.81' 1773333.13-

'

,5

i- 6R. 35 21312.03 9788.40 15670-02 403343.56 '1771264.88 838316.00',

i 7 -17149.13 6731.68 12178.99 403343.56 1272290.75 723619.06
.,i: 8 13129.11 4684.98 .9916.68. 403343.56- 995352.63' 748526.75

f- 9 9431.23 5317.94 11968.46 403343.53 675733.44 580008.75
; 10L 6A 6577.10' 7240.23 ,15539.09 403343.56 860741.69 299747.19
! 10R. h6 A - 5844.31 17088.67 7999.25 403343.56 301245.41 860466.50 m
! 11L '6B 17088.64. 5844.43 7999.25 289055.41 427179.72 1107262.25

-

5 11R 68 17639.68 8239.58 5886.04 284986.72 1108577.63 426352.06-' .i
12L 60 17639.68 8239.58 '5886.04 284986.72 1105776.50 444867.97 ;

12R 60 19666.27 8728.28 6453.82 289106.63 1104553.13 444867.97 i
13 20726.76 8017.46 7159.12 289106.63 973190.56 796104.63

}' . 114 '22929.18 6646.33 9374.96 289106.63 673764.19 1155820.63
4 '15 25252.00, 5961.03- 12348.11 289106.63 . 587531.50 1347102.25 '

i . 16L 61 -27785.62 6266.46 14477.63 289106.63 1242048.25 1346697.63 1

a '16R 61 . .30368.95 6692.69 12421.68 289206.09 .1242020.38 1346697.63 r

L 17 . 30368.95, '6692.69 12421.68 289206.09 867428.25 .1213566.75

1 18R' 7A ~
'32864.47 -7800.24

11348.07 ' 289206.09' '963822.44 '743312.62-
; ISL- 7A. 289206.09 743198.69' 963304.19

34481.00 10948.89 9231.21
f 19L' 17B '30933.68. 18557.00 9231.21- 585459.63 714796.63 659466.25 ~ t
+, :19R 7B 32426.54 11569;06 19605.89' '585459.63 659483.06 715213.00
7 20L 171 32426.54 11569.06- 19605.'89- 585459.63 878025.44, 536323.05-
} 20R- ~71 11550.28 14558.96 19865.33. 585459.63i 978025.44 ,536323.06 *

21L BA 11550.28 -14558.96' . 9865.33s 585459.63 556109.44 953523.94- Li
21R' BA - 13176.34. '9968.31-- 16834.24 585459.63 '953126.13 557051.75'

'

22L |8B- - 9968.06 13176.53' L16834.24- 120.1Ch9.38 290162.44 316657.59.
10342.73 19329.16; 14610.99, 12C1089.38' 316054.13 290991.84;; 22R' . 8B '

1

| 23L E 91A 10342.73 19329.16 14610.99- 1201089.38 480346.31 519742.56 &

i. 23R 181 A L 11148.50- 15471.68- 20924.77'11201089.38- 518078.44 481448.81 .

'

24L 81Bf 15471.96 11148.121 -20924.77- 890958.56 944102.44~ 549994.62 9

i 24R ' 81B L 16349.53L 21958.28 12284.33| 890958.56 550500.06 '944820.19. '

25LL 9A 16349.53' 21958.28. 112284.33 890958.56: 167830.22' 858296.63
25R 9A" 17435.22 22227.05 L13421.17- 890958.56 .167830.22- '858296.63

.
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PAGE 165~

|IMPELL-CCRPORATION
.. 05/31/90 a SYSTEM: ABB COMBUSTION ENGINEERING - HP/ APOLLO DOMAIN /OS 24-JUN-92 09:56:00SUPERPIPE . VERSION 22E

,

-S80+ SURGE LINE DWT/THER/SEIS FOR LBB (1bb2)

LOAD CASE No..IO.(EQSI), FORCES AND MOMENTS IN LOCAL' COORDINATES (CONTD.)

RUN SOP- DCP AXIAL Y Z XX YY It
. CROUP- MMB NAME FORCE FORCE FORCE , MOMENT MOMENT. MOMENT .

'

; . '(LB) .(LB). (LB) (LB.IN) (LB.IN) (LB.IN)"

.

'PRN1
(CONID. )

26L 9B '22251.95 117419.51 13421.17 273002.34 797506.44 1029725.44
j 26R 9B 22304.72 22743.24 6241.50 273002.34 538984.08 1186104.63
- 27 22410.61- 23258.53 6742.81 273002.31 497984.19 1514602.50
i 28 10- 22410.61 23258.53 6742.91 273002.34 582724.00 2214749.00
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'IMPELL CORPORATION . PACE 158
.5UPEKPIPE VERSION -.22E 05/31/90._ r SYSTEMS ABB COMBUSTION ENGINEERING - HP/APOLLD DOMAIN /OS 24-JUN-92 03:56:00- '

,

{i S80+ SURGE LINE DWT/THER/SEIS FOR LBB (1bb1)
'>

is LOAD CASE NO. || (STOT), ' FORCES AND MONENTS IN LOCAL COORDINATES

CROUP : MMB NAME ~
' AXIAL- Y Z' XX YY '2Z

'

RUN SOP DCP
FORCE FORCE . FORCE MOMENT MOMENT: MOMENT

,

E -lLB) (LB) (LB) (LB.IN) -(LB.IN). (LB.IN)
~

.

3

PRN1 .

. 688.43 426.62 107082354 41935.59
_ 19591.96 -

1 1 48.35
.

68340.48,

y2L 2A - 49.35 688.43 426.62 107082.54 ~12353.53
i~' '2R 2A :48.35 426.62 688.43 107082.54- 19591.96- 12353.53

3 2B 426.61 .50.08 688.43 16632.80 '94806.09' 7520.73- '

:4- ; 426.61. 50.08 688.43 16632.80 61848.74' 8983.00<

_ SL 3A 426.61 50.08 688.43 16632,41 59443.72 :10540.77. .
J 5R- 3A, 426.61 688.40- :47.86 16632.,0 106e1608 59434.71
1 6L. 3B 688.38 426.63 47.06 11443.31 15833.45. .62981.41 -

,

' 6R. 3B .688.38 46.20 426462 11443.31. 63017.84' 15787.81 -

f-
7 688.38 46.20 426.be 11443.31 52058.46- .12926.63
8 688.38 46.e0 .426.62 11443.31. 32832.93 10065.43

+ . 9 = 688.38 46.20 426.62. 11443.31 - .76963.51 7902.60
10L' 6A 688.38 46.20 426.62 11443'31 -105574.67; 8057.59-4

.

10R 6A -688.38 . 426.61- 44.54 11443.31' 8525.95 109575.77'
:

11L: 6B 426.63 688.37. '44.54 9595.80. . 10748.28 - 100908.07
11R' 6B -426.56 52.78 688.43' 7688.89- '100899.84 11170.94'
12L 60 426.56 -52.78- L688.43 7688.89 96097.39 c10867.34

'

.

3 12R- 60 426.63 46.48. 688.43 8561.71" 96113.22 10867.34
-12 426.63 46.48 688.43 8561.71 53130.67 9009.48-s

i 14: 1426.63 46.48 688.43 8561.71 42977.21. 7181.40.
i 15
s 16L <61.

E426.63 46.48 688.43 -8561.71 75335.93: '6218.91
426.63 46.48 688.43 8561.71 .107758.43: 7877.10'

16R '. 61
426.63 46.62 633.90 8593.14 '107758.08 :7877.10

117 J '426.63 '46.62. 633.90 8593.14 80159.73 .-9206.061. 18L 7A 426.63 46.62 633.90 8593.14 53737.86. 10767.74
18R- '7A. L426.63 - 633.84.- 46.12- 8593.60 10828.08 53737.38* 19L ;73 ; 746.61 463.11; . 46.12 9818.56- 10764.30- 46876.30:

.19R E7 B . .746.61 46.27 f463.04 9813.56 46878.59 '10817.19.,

20L 71 746.61 46.27 -463.04 9818.56- '30355.16. 12909.39*

" 20P 71 735i74 45.63 912.76- 9818.56 30355.16 12909.391

*

21 L . ' 8 A 735.74- - 45.63' 912.76 '9818.56 41433.90 19615.21
i- '21R 6A 735.74 912.88- 44.98 .9818.56 14497.64. 41562.56
| -22L BB' -912.89 735.74 44.98' '15136.89. 10152.55 .46995.00.
f 22R 1. 8B : 912.89 47.90- 735.70: 15136.88: 47035.96' '9972.26
i -23L 81A i912.89

. 735.65 - 51.02 15136.88- 10500.51- 45672.37-
47.901 735.70 15136.88 .45628.81- '10695.04-

-23R. 81A: 912.89
11 24L L 81B '735.65' - 912.89 51.02. 10958.al- 14384.72 30960.04

24R 81B 735.65; ' 51.22. 912.76: 10958.81 30956.06L 14267.72
i - 25
i c 26LL.

9A. 735.65 -51.22 912.76 10958.81- i29733.67 -12612.71
9B " 48.35- 73 5.7 0 ~ 912.76- '32877.81 14999.96 15867.44

,
'; 26R.''9B 48.35 633.90- 674.84 32s77 81 16130.84 12515.26
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PAGE 159
.'

. IMPELL CORPORATION . .. - -

ABB COMSUSTION D2GINEERING - HP/ APOLLO DOMAIN /OS 2 4 - TN- 9 2 09:56:00 ySUPERPIPE. VERSION 22E -'05/31/90 : SYSTEM:

1: S80+ SURGE LINE DWT/THER/SEIS FOR LBB (Ibb2) ; J
.

.
. . * l

j LOAD CASE No.- || (STOT). . FORCES AND MOMENTS IN LOCAL COORDINATES .(CONTD. )
2, .

. AXIAL- Y' 2 XX YY- ZZ - *RUNL- SOP DCP
CROUP 3 MMB NAME; ~ FORCE FORCE FORCE MOMENT ' MOMENT HOMENT !'

(LB) (LB) (LB) (LB.IN) (LB.IN) (LS.IN)
. .' {4

t
t PRIII . - ,'

(CONTD.}' .

- t

: 28 10. 48.35 '633.90 674.84. 32877.01 61939.52
' 36959.50 i

;-

j . 27 - - 48.35 633.90 674.84 32877.01 38988.33
62203.78

i
e

.4

i

1

3

=

t

9 b

%

>

fE

1.,

,
-

,

1

.

e

g 1

I
'

s,

.

t

4 * .e'-
9

'

,I

3 6. !'

i
4

*

! [
,

.

[

9
r
.

:(' '

,
' t

t

1 -

4 .>
v < m

#



_ , .. . _ . _ - , _ _ _ _ _ _ . ~ _ _ . _ . _ _ . - - - _ , ;p _ . . _ . _ _ .. ._._-._.m.__ m._ m._..___ -.

J

.

IMPELL CORPORATION - PAGE 159
SUPERPIPE VERSION' 22E- 05/31/90 ; SYSTEM.: ABb COMBUSTION ENGINEER *NG - HP/ APOLLO DOMAIN /OS 23-JUN-92' 16:01:26

S B 0 + :. S. GE LINE DWT/THER/SEIS FOR LBB (lbb2)
,

LOAD CASE NO. - 12 (ECSE), , FORCES AND MOMENTS IN LOCAL COORDINATES
,

-RUN SO P . DCP AXIAL Y Z XX YY ZZ ' IGROUP MMS N8 die FORCE FORCE FORCE HOMENT MOMENT MOMENT
(LB) -(LB) (LB) (LB.IN) (LB.IN)' (LD.IN),

,

di
; PRN1 .

'1 17598.37 31985.91 25400.65 1885893.63 2410941.75- 2539402.00i 1
.

. .

t 2L 2A .17460.95 31828.17- 24892.81 1885893.63 1933580.00 817590.00
.

2R- 2A ~17381.07 23591.28 31410.13 _1885893.63 '817590.00 1833580.00 i; ~ 3L 2B 23604.89' 17365.53 -31410.13 917087.81 1334022.75 1607384.88
3R '2B 21704.76 .17040.'94 30448.64 917007.81- 1336022.75' 1607384.88

.
4 , 21704.76- '17040.94 -30448.63 917087.75 436905.78- 847055.19

3- SL- 3A 19471.90 15193.39 20018.96 917087.81 1616535.50 386742.94
5R 3A -17877.14 25224.15 12481.89 917087.81 389999.63 1616298.63
6L 3B -25224.43 17876.75 12481.89 414786.87 . 849779.25 1836314.63
7

'3B- '22000.42 9834.60 16096.64 414786.07 1834282.75 854103.756R-
17837.52'. 6777.88 12605.61 414786.87 1324349.25' 736545.69.

i- 8 13817.49' 4731.18 10343.30 414786.87 1048185.56 758592.19
1 9 10109.61 5364.15 12395.09' 414786.87 752696.94 587991.31-
i 10L . 6A 7265.48- 7286.4J '15965.72 414786.87 986316.38 307804.70
| 10R 6A 6532.70 17515.78 8043.79 414786.87 :309771.34 966042.25

11L 6B 17515.26- 6532.00- 8043.79- 297651.22 .'437928.00 1208170.50.

i 11R -6B . 18066.24 8292.36 .6574.46 292675.59 |1209477.38 437522.97-
12L 60 18066.24 8292.36 6574.46 s292675.59 21201873.87 ' 455735.314

i '12R 60 19092.90 8774.75 7142.25 297668.34 1200666.25 455735.31
; 13 -21153.39 8063.94 7847.54 297668.34 1026321.19- 805114.06
4 14 23355.00 6692.21- 10063.39 ~297668.34 T16741.38 1163002.12
n 15 25678.63 6007.51; 13036.54- 297668.34 662867.44 '1353321.13
1 16L .61 128212.25 6312.94 '15166.05 297668.34 1349806.63 .1354574.75

16R. 61; 30795.58 6739.31- 13055.59 297799.22 1349779 25 1354574.75I: 17 '30795.58' 6739.31 13055.59 .'297739.22 947587.94 '1222772.87'' 18L ' 7A 33291.10. -7846.87 11981.97 297799.22. 796936.50 ' 974071.94
IBR -7 AJ .34907.63 11582.74 ~9277.33s 297799.69 974650.50 ~ 797050.00-
19L 7B- 31680.29 19020.11 9277.33 595278.13 725560.94 706342.50

4 - 19R 7;B L33173.15 11615.33- 20068.94 595278.13' 706361.69 726030.19' .s20L 71- 33173.15 '11615.33' 20068.94 '595278.13- 908380.63 549232.44 i.

'20R 71 :12286.02: -14604.59: 10778.09 '595278.13- 908300.63 |549232.44
i . 21L -8 A

. 13912.08 10881.20 16879.22 -595278.13 L967623.69 598554.31
12286.02- 14604.59 10778.09 595278.13.. 597543.31 968139.19

21R : SA
22L- 8B' L10880.95' 13912.27 16879.22 1216226.25 1300315.00 L363652.59'
22R ,'8B 11255.61 19377.06' .15346.70: 11216226.25: 363090.09 300964.13

,

- 2 3 L ' 81 A 11255.61' 19377.06- J15346.70 .1216226.251 525975.12 530437.56* '

-23R 81A' 12061.381 16207.33 '20975.79: 1216226,25= "528578.94 %27121.19: r

24L: 818 116207.601 12061.00 20975.79 901917;38 958407.13^ S80954.69
24R 281B. 17085.18 22009.50- 13197.;T. c" 901917.3 8 '- '581456.13' .959087.87' .* -25L 9A 17085.18- 22009.50 13197.r;3 901917.38. :197563.89 870909.38

i

25R 9A 18170.87 22278.27- 114333.94 ;901917.386 197563.89: 870909.38-

w .'y.
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MAIN STEAM LINE

I PRELIMINARY ROUTING AtU) _ LOADS ANALYSIS
f'

: Purpose

I
This appendix reports the results of a preliminary stress analysis

,

of a System 80+ Main Steam- line in the Reactor Building to provide4

; applicable forces and moments for the Leak-Before-Break (LBB)
evaluation. The piping included in the model is reprecented in the;

isometric sketch that follows. The analysis model originates at
the Steam Generator nozzle and terminates at the Reactor Building

: penetration. Anchors are modelled at these locations. The model
also includes additional piping in the Main Steam Valve House, buty

only to evaluate thermal flexibility between effective anch6rs at
j the valve house walls. All applicable design conditions, loadings,
i codes, and regulatory requirements are defined in the System 80+

Certification Program Draft Distribution Systems Design Guide,.

1 Reference 2.
!

The types of analysis results required for the LBB evaluation are
i shown on the following page. Other results in the detailed
| analysis include pipe displacements, stresses, support / restraint

loads, and nozzle loads (anchor loads). Since the analysis is
preliminary and design information is not available for allowable

; nozzle or penetration loads, it is not within the scope of the
5 calculation to evaluate those loads,

i A code compliance check is performed to verify that pipe stresses
; are within the ASME allowables for the pipe as modelled. As
i additional design information becomes available, it will be
; included in a final analysis.

'

Method

; The piping is modelled as a three dimensional framework - for
analysis. Static analysis is. performed by the Direct Stiffness<

Method and a simple Lumped Mass Idealization is used to determine,

; mode shapes and frequencies for the dynamic analysis. This piping
*

is analyzed using the SUPERPIPE computer program,
d

i

i

:

:

]

+
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References and Desicin Inputs'

~

1. ASME Boiler and Pressure Vessel Code, Section III, 1989.
i . .

j 2. Draft Distribution Systems Design Guide.

3. Consolidated Valve Drawing 3NC-046.

4. CESSAR Design Certification, Tables 10.1-1 and 10.3.2-1.

5. ABB-CE Letter dated 4/21/92 to R.W. Bonsall enclosing
j Preliminary Thermal Movements and _ SSE Seismic Anchor
;. Movements.
i
j 6. ABB-Impell- memo dated 5/21/92 to ABB-CE, Attn:_ R.A.
j Matzie enclosing System 80+ N-411 Spectru and SAM.
:

7. System 80+ Main Steam System Piping and Instrumentation
j Diagram.

8. System 80+ Nuclear Island Detailed Arrangement Drawings.

i

Results,

I

Forces and moments results for the load cases listed below are,

; provided for the Leak-Before-Break. evaluation shown in Appendix H.-

1. Gravity - Fluid-filled for Hydrostatic Testingj

! 2. Gravity - Steam-filled

3. Thermal Expansion
;

i 4. Gravity Steam + Thermal (Normal Operation)
i
I 5. Seismic Inertia - SSE .

! 6. Seismic Anchor Movement - SSE

7. Steam Hammer

8. Seismic _ Inertia + Seismic Anchor Movement
i
f

|

.

| |

.
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1PELL CCRPORA.. 4 PAGE 73
JPERPIPE YE**IOR ZIE 05/31/90s SYSTEM: IBM-VM/HYS O- 6-92 17:57:29

A88 COMBUSTION ENGINEERItC
SYSTEH 80+
PRELIMINARY HAINSTEAM ANALYSIS i * TV aM D
DUKE ENGINEERING & SERVICES, INC. I i 1 - f-4 i N.

TATIC ANALYSIS Nf3. 1 (GR-Hl. FORCES, H0HENTS AND STRESSES AL0tG PIPE RLtis

RUN SCP DCP CCHP AXIAL Y Z TCRS YY ZZ
'NAME NO. HAME TYPE FURCE FORCE FCRCE HDHENT HOMENT NCHENT H/Z IN/Z B2H/Z

ILB) (LB) ( LB ) (LB.FTl (LB.FT) (LB.FTl (PSI) (PSI) IPSI)

RUN1
IH SCtGE ANTT 15334.27 5521.11 198.03 -11561.72 28468.98 30498.01 531.12 849.47 531.12
1 SGNZ STRP 15334.27 5521.11 198.03 -1156i 72 28468.98 30498.01 531.12 531.12 531.12
2L A01A STRP 12283.21 4410.70 198.03 -11561.72 29291.53 9871.76 404.87 404.87 404.87
2H ADIA ANBH 12283.21 4410.70 198.03 -1'"?:.72 29291.53 9871.76 404.87 404.87 404.87
2R A01A BELB 12283.21 -198.03 4410.70 -11561.72 -9871.77 29291.53 404.87 795.08 1148.44
3L A018 BELB 198.03 '7956.29 2835.95 -3715.70 2025.74 -7914.t1 110.11 216.23 312.33
3H A018 AHBH 198.03 7956.29 2835.95 -3715.70 2025.74 -7914.91 110.11 110.11 110.11,

3R A018 STRP 198.03 8446.42 -56.08 -3715.69 -803.29 -8130.45 110.11 110.11 110.11.

41 EHIN STRP 198.03 1020.30 ' -56.08 -3715.69 -1534.09 -53097.34 653.20 953.20 653.20' SL EHOU STRP 198.03 -1524.79 -56.08 -3715.69 -1504.35 -52640.61: 647.67 647.67 647.67
SR EHOU STPP 198.03 -1324.79 135.52 -3715.69 -1504.35 -52640.61 647.67 647.67 647.67
6L A02A STRP 198.03 -7320.41 135.52 -371F.69 -464.95 -19486.27 243.45 243.43 243.43
6H A02A AHBH 198.03 -7320.41 135.52 -3715.69 -464.95 -19486.27 243.43 243.45 243.436R' A02A BELS 198.03 -7320.41 135.52 -3715.70 -464.95 -19486.27 243.43 478.05 690.52
7L A028 BELS 11924.9S 198.03 135.52 -43.24 -3207.51 15856.22 198.47 389.75 562.96
TH A02S AHLH 11924.98 198.03 135.52 -43.24 -3107.51 15856.22 196.47 ~ 198.47 198.47
7R A02B STRP 11924.98 198.03 135.52 -43.24 -3207.51 15856.22 198.47 198.47 198.47
8L E146 STRP 39933.17 198.03 135.52 -43.24 1647.99 8760.74 109.36 109.36 109.36
SR E146 STRP 39933.17 8450.14 -83.20 -43.24 1647.99 8760.74 109.36 109.36 109.36
9L A03A STRP 46775.03 8450.14 -83.20 -43.24 919.99 -65177.97 799.68 799.68 799.68 1

9H A03A AHBH 46773.03 8450.14 -85.20 -41.24 919.99 -65177.97 799.68 799.68 799.68
9R A03A BELB- 46773.02 -8450.12 83.20 -43.24 -919.99 65177.97 799.68 1570.42 2268.38
10L A038 BELB 8450.15' 51377.60 83.20 608.00 268.76 -87166.46 1069.39 2100.07 3033.43
10H A038 AMBH 8450.15 51377.60 83.20 608.00 268.76. -87166.46 1069.39 1069.39 1069.39
10R A03B STRP 8450.14 -51377.60 -83.20 608.00 -268.76 87166.46 1069.39 1069.39 1069.3?
11L CHIN STPP 8450.14 -52159.29 -83.20L 608.00 -351.96 138934.92 1704.48 1704.48 1704.48
11R CHIN STRP 8450.14 16336.66 -0.37 608.00 -351.96 138934.92 1704.48 1704.48 1704.48
12 . CHOU STRP 8450.14 :13202.05 -0.37 608.00 -353.45 79709.79 977.92 977.92 977.92
13L C05 STRP 8450.14 ' -7503.76 -0.37 608.00 -363.48 8182.80 100.76 100.76 200.76
13H 005 AHBH 8450.14 -7903.76 -0.37 608.00 -363.48 8182.88 100.76 100.76 100.76-
13R 005 STRP 8450.14 -7903.76 -0.37 608.00 -363.48 8182.88 100.76 100.76 100.76
14L 004 STRP 8450.14 --8685.46 -0.37 608.00 -363.85 16477.50 202.33 202.33 202.33
14R 004 STRP 8450.14 3266.85 -1328.72 608.00 -357.21 16537.26 203.06 t03.06 .203.06-
15 RBIN .STRP' 8450.14 -2986.72 -1328.72 608.00 -10986.98 15416.73 -232.37 232.37 232.37.

16 ROOU STRP 8450.14 -6121.33 -1328.72 608.00 -16315.16 33678.37 459.16 4S9.16 459.164

17L 003 STRP. 8450.14 -6414.46 -1328.72
~608.00 -16813.43 36028.81 487.82 487.82 487.82
608.00 -16815.43 36028.81 487.82 467.82 487.82

17H 003 AMBH 8450.14 -4414.46 -1328.72
17R 003 STRP 8450.14 -6414.46 -1328.72 608.00 -16813.4' 36028.81 487.82 487.82 487.82
ISL 002 STRP 8450.14 -6805.31 -1328.72. 608.00 -17477.79 39333.77 528.09 528.09 .528.09

.
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MPELL CORPORATitJN PAGE 74
UPEPPIPE YERSION 22E 05/31/90s SYSTENs IBM-VM/HYS 8- 6-72 17:57:27

ABB ComOSTION ENGINEERIts
SYSTEN 80+,

FRELIMINARY HAINSTEAM ANALYSIS
DUKE ENGINSERItG & SERVICES, INC.

TATIC ANALYSIS PM. 1 (GR-H). FORCES, NOMENTS AND STRESSES ALGJG PIPE RLtG ICG(70.)

RUN SCP OCP COMP AXIAL Y Z TURS YY ZZ
NAME NU. NAME TYPE FORCE FORCE FCRCE HOMENT E0 MENT HOMENT N/Z IM/Z B2M/Z

( LB ) I LB ) ILB) ItB.FT) (LB.FT) ( LB.FT ) IPSI) (PSI) IPSI)

RUN1 '

(CONTD.)
18R 002 STRP -1074.20 11133.90 2634.42 21576.95 -74499.97 45163.52 1101.09 1101.09 1101.0919L 001 STRP -1074.20 10352.20 2634.42 21576.95 -71865.53 34420.46 1012.76 1012.74 1012.7619H 001 AHBH -1074.20 10352.20 2634.42 21576.95 -71865.53 34420.46 1012.76 1012.?6 1012.7619R 001 S1RP' -1074.20 10352.20 2634.42 21576.95 -71865.53 34420.46 1012.76 1012.76 1012.7620L A04A STRP -1074.20 -15135.02 2634.42 21576.95- 14029.88 112392.41 1414.52 1414.52 1414.5220H A044 AHBH -1074.20 -15135.02 2634.42 21576.95 14029.88 112392.41 1434.52 1414.52 1414.5220R A046 BELB -1074.21 39632.35 2634.42 21576.94 14029.87 112392.41 1414.52 2777.86 4012.42-21L A048 SEL8 -35027.78 -1074.20 2634.42 -23908.96 31456.04 -23567.12 564.40 1108.37 1600.9721H A04B AHBH -35027.78 -1074.20 2634.42 -23908.96 31456.04 -23567.12 564.40 564.40 564.4021R AD4B STRP -35027.77 -1074.20 2634.42 -23908.96 31456.04 -23567.12 564.40 564.40 564.4022L A05A STRP -27210.65 -1074.20 2634.42 -23908.96 57800.85 -12824.93 783.34 783.34 783.3422H A05A ANBH -27210.65 -1074.20 2634.42 -23908.96 57800.85 -12824.93 783.34 783.34 783.3422R A05A BELB -27210.64 2634.41 1074.20 -23908.96 -12824.93 -57800.85 783.34 1538.32 2222.0023L A058 SELB -2635.71 -22606.09 1074.20 8795.55 -19881.46 25721.44 413.17 011.38 1171.9823H A058 AHDH -2635.71 -22606.09 1074.20 8795.55 -19881.46 25721.44 413.17 413.17 413.17-23R ADES STRP -2630.58 22606.68 -1074.20 8800.06 19879.46 -25721.44 413.17 413.17 413.1724L AB01 STRP -2630.75 21629.40 -1074.20 Sc00.06 18536.49- -55373.69 701.51 .701.51 701.5124R ABol STRP -2634.42 19715.06 ~1074.20 84 5< . 54 18537.99 -53373.69 700.88 700.88 700.8825L AB02 STRP -2634,42 17369.97 -1074.20 8454.54 15315.39 -109001.28 1354.34 1354.34 1354.3425R AB32 STRP -2634.42 15456.09 -1074.20 8112.17 15315.39 -109001.28 1354.03 1354.03 1354.0126L AB03 STRP -2634.42 13111.00 -1074.20 8112.17 12092.80 -151851.91 1871.47 1871.47 1871.4726R AB03 STRP -2634.42 11197.12' -1074.20 7769.80 12092.80 -151851.91 1871.25 1871.25 1871.2527L A804 STRP -2634.42 8852.02 -1074.20 7769.80 8870.21 -181925.62 2236.55 2236.55 2236.5527R AB04 STRP -2634.42 6938.14 .-1074.20 7427.43 8870.21 -181925.62 2236.37 2236.37 2236.3728L AB05 STRP -2634.42- 4593.05 -1074.20 7427.43 5647.61 -199222.40 2446.74 2446.74 2446.7428R AB05 STFP -2634.78 2678.81 -1074.20 7084.30 5648.56 -199222.40 2446.59 2446.59 2446.5929L 10 STRP -2632.44 -14860.12 -1074.20 7084.30 -18453.21 -62566.31 804.96 804.96 804.9629H 10 ANTT -2632.44 -14860.12 -1074.20 7011.30 -18453.21 -62566.31 804.96 1287.45 604.9629R 10 VALV -2634.42 -14859.77 -1074.20 706. 83 -18454.16 -62566.31 N/A30 HSIV VALV -2634.42 -16790.25 -1074.20 7081.83- -23288.03 8646.25 N/A31L 11 VALY -2634.42 ~46415.00 -1074.20 7031.83 -25436.43 170639.19 N/A31H 11. ANTT -2634.42 -46415.00 -1014.20 7081.83 -25456.43 170639.19 2118.32 3388.04 2118.3231R 11 STRP -2634.42 -46415.0J -1074.20 7081.83 -25436.43 170639.19 2118 SZ 2118.32 2118.32

.

32 MSvH STRF -2634.42 -51686.87 -1074.20 7081.83 -32955.82 514695.71 6327.82 6327.82 6327.82

.

i
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- ttPELL CORPORA .J PAGE C6
UPERPIPE YERSION 22E C5/31/90s SYSTEM: IBM-VM/MVS C- 6-V2 17:57s29

ABB CCHBUSTION ENGINEERING
SYSTEN 80+
PRELIHINARY HAINSTEAM ANALYSIS / OA\ff W '" T I/
OUKE ENGINEERING A SERVICES. INC. C AR V L 1 5 L A#

TATIC ANALYSIS H5. 2 (CR-S). FORCES, HCHENTS AND STRESSES ALONG PIPE RLetS

RUN SUP OCP COMP AXIAL Y Z TORS YY EZ4

NAt1E NO. NAttE TYPE FORCE FORCE FORCE N0HENT HDHENT HCHENT N/Z IH/Z B2H/Z
ILB) E LP ) (18) ( LB. FT ) (LB.FT) (LB.FT) (PSI) (PSI) (PSI)

Rtal
1H SCNZ AHTT 10099.68 3636.29 131.67 -7608.82 18732.98 20088.78 349.67 559.26 349.67
1 SGNZ STRP 1009? '8 3636.29 131.67' -760s.82 18732.98 20088.78 349.67 349.67 349.67
2L A01A STRP 80e' f 7 2900487 131.67 -7608.82 19279.89 6504.18 266.50 266.50 266.50ZH ADIA AHBH 8089.97 2904.C7 131.67 -7608.82 19279.89 6504.18 266.50 266.50 266.502R A01A BELB 8089.97 -131.6i 2904.87 -7608.82 -6504.19 19279.89 266.50 523.36 755.973L AG1B BELB 131.67 5239.86 1867.59 -2444.18 1339.54 -5219.77 72.59 142.56 205.923H A018 AHBH 131.67 L239.86 1867.59 -2444.18 1339.54 -5219.77 72.59 72.59 72.593R A01B STRP 131.67 5562.61 -37.04 -2444.18 -526.38 -5363.14 72.59 72.59 72.59' * EHIN STRP 131.67 671.08 -37.04 -2444.18 -878.23 -34973.15 430.25 ' 430.23 430.23SL EHOU STRP 131.67 -873.61 -37.04 -k496.18 -989.34 -34669.36 426.55 426.55 426.55SR EHOU STRP 131.67 -873.61 88.64 -2444.18 -989.34 -34669.36 426.55 426.55 426.556L A02A STRP 131.67 -482'.38 88.64 -2444.18 -309.46 -12823.29 160.19 160.19 160.196H. A02A ANBH 131.67 -4821.88 88.64 -2444.18 -309.46 -12823.29 160.19 160.19 160.196R A02A SELB 131.67 -4822.88 88.64 -2444.18 -309.46 -12823.29 160.19 314.59 454.407L A028 BELS 7855.88 131.67 88.64 -22.94 -2111.77 10455.61 130.86 256.98 371.207H A02B AHBH 7855.08 131.67 88.64 -22.94 -2111.77 10455.61 130.86 130.86 130.867R A028-STRP 7855.88 131.67 88.64 -22.94 -2111.77 10455.61 130.86 130.F6 130.86BL E146 STRP 26304.67 131.67 88.64 -22.94 1064.25 5757.79 71.59 71.L9 71.598R E146 STRP 26304.67 5553.26 -45.91 -22.94 1064.25 5737.79 71.59 71.59 71.599L A03A STRP 30810.03 5553.26 -45.91 -22.94 662.51 -42853.24 525.79 525.79 525.799H A03A ANBH 30810.03 5553.26 -45.91 -22.94 662.51 -42853.24 525.79 525.79 525.799R A03A BELB 30810.02 -5553.26 45.91 -22.94 -662.51 42853.24 525.79 1032.54 1491.4410L A038 SELB 5553.27 33843.02 45.91 490.33 149.23 -57546.52 706.01 1386.46 2002.66IDH A038 AHBH 5553.27 33843.02 45.91 490.33 149.23 -57546.52 706.81 706.01 706.0110R A038 STRP 5553.26' -33343.02 -45.91 490.33 -149.23 57546.52 706.01 706.01 706.0111L CHIN STRP 5553.26 -34357.93 -45.91 490.33 -195.14 91647.01 1124.35 1124.35 1124.3511R CHIN STRP 5553.26 10782.41 -3.75 490.33 -195.14 91647.01 1124.35 1124.35 1124.3512 CHOU STRP 5553.26 8717.67 -3.75 490.33 -210.19 52549.34 644.71 644.71 644.7113L 005 STRP 5553.26 -5184.58 -3.75 490.33 -311.48 4852.62 59.96 59.96 59.9613H 005 AHBH 5553.26 -5184.58 -3.75 490.33 -311.48 4252.62 59.96 59.96 59.9613R 005 STRP 5553.16 -5184.58 -3.75 490.33 -311.48 4852.62 59.96 59.96 59.9614L 004 STRP 5553.26 -5699.47 -3.75 490.33 -315.23 10294.65 126.50 126.50 126.5014R 004 STRP 5553.26 2099.80 -1057.02 490.33 -309.96 10333.64 126.97 126.'T 126.9715 RBIN STRP 5553.26 -2019.39 -1057.02 490.33 -8766.12 10012.00 163.37 169.37 163.3716 RBOU STRP- 5553.26 -4084.13 -1057.02 490.33 -130e%.77 22249.54 316.22 316.22 316.2217L 003 STRP 5553.26 '4277.2h -1057.02 490.33 -13401.14 23817.28 335.32 335.32 335.3217H 003 ANBH 5553.26 ~4277. 22 -1057.02 490.33 -13401.16 23817.28 335.32 335.32 335.3217R 003 STRP 5553.26 -4277.21 -1057.02 490.33 -13401.16 23817.28 335.32 335.32 335.3218L 002 STRP 5553.26 -4534.66 . -105.'.02 490.33 -13929.67 26020.25 362.13 362.13 362.13

a
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PELL CORPORA 13..e PAGE G7
'JPERPIPE VERSIDH 22E 05/31/9C5 SYSTEN IBM-VM/MVS G- 0-?2 17:57:27

ABB COMBUSTICH EtGINEERIts
SYSTEM 80+
PRELIMINARY HAINSTEAN ANALYSIS
DUKE ENGINEERItG & SERVICES, INC.

'ATIC ANALYSIS NO. 2 (GR-S). FORCES, HOMENTS AND STRESSES ALONG PIPE RUttS (CONTO.)

RUN SDP DCP COMP AXIAL Y Z TORS YY ZZ
NAME NO. HAME TYPE FORCE CURCE FORCE HCHENT NOMENT NOMENT M/Z IM/Z 82M/Z

( L8 ) (LB) (LB) (LB.FT) E LB.FT) (LB.FT) (PSI) (PSI) (PSI)

RLN1
(CONTD.)

18R 002 STRP -841.78 6970.08 2095.83 17246.74 -59392.53 26152.39 823.77 823.77 823.77
19L 001 STRP -841.78 6455.18 2095.83 17246.74 -57296.68 19439.76 771.84 771.84 771.84
19H 001 ANBH -841.78 6455.18 2095.83 17246.74 -57296.68 19439.76 771.84 771.84 771.84
19R 001 STRP -841.78 6455.18 2095.83 17246.7* -57296.66 19439.76 771.84 771.84 771.34
20L A04A STRP -841.78 -10333.06 2095.83 17246.74 11037.77 82658.85 1044.71 1044.71 1044.71
20H A04A ANBH -841.78 -10333.06 2095.83 17246.74 11n37.77 82658.85- 1044.71 1044.71 1044.71
20R A04A SEL3 -841.80 29340.28 2095.83 17246.74 11037.78 82658.85 1044.71 2051.61 2963.42,

ZIL A048 PELB -26307.27 -841.78 2095.83 -18897.12 251P6.10 -18523.68 447.50 878.79 1269.36
21H A04n ANBH -26307.27 -841.78 2095.83 -18897.12 25106.10 -18523.68 447.50 447.50 447.50
21R A048 STRP -26307.28 -841.78 2095.83 -18897.13 25106.08 -18523.69 447.50 447.50 447.50
22L A05A STRP -21158.20 -841.78 2095.83 -18897.13 46064.81 -10105.67 623.28 623.28 623.28
21H A05A ANDH -21158.20 -841.78 2095.83 -18897.13 46064.81 -10105.67 623.28 623.28 623.28
22R -ACSA BELB -21158.20 2095.81 841.78 -18897.12 -10105.68 -46064.83 623.28 1224.00 1768.00
23L A058 SELB -2096.86 -18125.20 841.78 6948.08 -15741.02 19728.25 '321.15 630.67 910.96
25H A058 .AWBH -2096.86 -18125.20 e41.78 6948.08 -15741.02 19728.25 321.15 321.15 321.15
23R AOSS STRP -2092.75 10125.66 -841.78 6951.66 15739.44 -19728.25 321.15 321.15 321.15
24L AB01 STRF -2092.86 17481.93 -841.78 6951.66 14687.03 -41986.78 552.32 552.32 552.32
24R AB01 STGP. -2095.83 15567.73 -841.78 6606.86 14688.21 -41986.78 551.69 551.69 551.69
25L AB02 STRP -2095.83 14023.04 -841,78 6606.86 12162.86 -86372.94 1073.14 1073.1, 1073.14
25*A A802 STRP -2095.83 12109.19 -841.78 6264.57 12142.86 -86*" .94 1072.84 1072.84 1072.84
26L AS03 STRP -2095.83 10564.49 -841.78- 6264.57 9637.51 -li .cf.46 1483.58 1483.58 1463.58
26R AB03 STRP -2095.83 8650.64 -841.78 5922.27 9637.51 -12.G83.46 1483.37 1483.37 1483.37
27L APC4 STRP -2095.83 7105.95 -841.78 5922.27 7112.16 -144018.33 1770.46 1770.46 1770.46
27R Abo 4 STRP -2095.83 5192.09 -841.78 5579.97 7112.16 -144018.33 1770.30- 1770.30 1770.30
28L Abo 5 STRP -2095.83 3647.40 -841.78 5579.97 4586.81 -157277.57 1931.52 1931.52 1931.52
28R AB05 -STRP -2096.06 1733.27 -841.78 5237.06 4587.51 -157277.57 931.37 1931.37 1931.37
29L 10 SYRP -2094.51 -9819.50 -841.78 5237.06 -19299.EA -66562.18 837.68 837.68 837.68
29H 10 ANTT -2094.51 -9819.50 -841.78 5237.06 -iwevv.58 -66562.18 837.68 1339.79 837.68
20R 10 VALV -2095.85 -9819.22 -841.78 5235.15 -14300.28 -66562.18 N/A
30 HSIV VALV -2095.93 -11749.71 -841.78 5235.15 -18088.31 -18032.10 N/A
31L 11 VALV -2095.83 -41374.44 -841.78 5235.15 -19771.88 133879.72 N/A
31H 11 ANTT -2095.83 -41374.44 -841.78 5235.15 -19771.83 133879.72 1661.49 2657.39 1661.49
SIR 11 STRP -2095.83 -41374.44 -841.78 5235.15 -19771.88 133879.72 1661.49 1661.49 1661.49
32 HSVH STRP -2095.83 -44978.72 -841.78 5235.15 -25664.35 436115.62- 5359.91 5359.91 5359.91

,
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PAGE lit
FELL CCRPORAS. J - -

C- 6-52 17:57:27
C ERPIFE VERSl0H 223 C5/31/903 SYSTEns IDH-VM/HYS

ABB CONBUSTION (NGINEERING
SYSTEM 80+

DUKE ENGINEERING & SERVICES, Irf. {h k h[k bOPRELIMINARY HAINSTEAM ANALY3IS

| |
TATIC ANALYSIS FOI. I I TH-11. FURCES, HCHENTS AND STRESSES AldHG PIPE RUNS !

R04 SCP DCp COMP AXIAL Y Z Tfms YY ZZ

NAME NO. NAME TYPE FORCE MRCE MRCE HONENT Nt?1ENT HONENT M/Z IH/Z

tiol ( LB ) ( LB ) (LB.FT) ( LB . FT ) ( LB . FT 1 (PSI) (PSI)

IN SGMZ ANTT 4250.26 -9202.49 -25010.74 71046.09 347193.41 ~74132.58 4874.67 7796.55R041

1 SGNZ STRP 4250.26 -9202.49 -25010.74 71046.09 347193.41 -74132.58 4874.67 4874.67

.2L A01A STRP 425;'.26 -9202.49 -25010.74 71046.09 243309.59 -35909.31 3446.74 3446.74

2H A01A ANDH 4259.E6 -9202.49 -25010.74 71046.09 243309.59 -35909.31 3446.74 3446.74

2R -ADIA 8 ELE- 4250.25 25010.74 -9202.49 71046.10 35?09.32 243309.59 3446.74 6768.72

3L.A01B SELS -25010.74 4250.26 -9202.49 -1399.95 36936.75 133580.81 1864.66 3661.82

3H A01B ANBH -25010.T4 4250.26 -9202.49 -2399.95 36536.75 133580.81 1864.66 1864.66

3R A01B STRP. s25010.74 846.75 -10101.17 -1399.95 80017.85 113030.55 1864.66 1864.66

4 -EHIN STRP -25010.74 846,75 -10101.17 -1399.95 -15943.24 104986.47 1429.84 1429.84

SL EHOU STRP -25010.74 846.75 -10101.17 -1399.95 -46246.73 102446.22 1513.46 1513.46

' EHOU STRP -25010.74 846.75 1137.30 -1399.95 -46246.73 102446.22 1513.46 1513446

6L A02A 'STRP -25010.74 846.75 1137.30 -1399.95 -37523.63 95951.65 1387.27 1387.27SR

6H A02A AHBH -25010.74 846.75 1137.30 -1399.95 -37523.63 95951.65- 1387.27 1387.27

6R A024 BELS -25010.73 846.74 1137.30 -1399.95 -37523.64 95951.65 1387.t7 2724.33

7L A023 BE18 -846.75 -25010.75 1137.30 33258.75 2864.92 186566.66 2551.78 5011.20

7H A02B AHBH -846.75 -25010.73 1137.30 33258.75 2864.92 186566.66 2551.78 2551.78

7R A028 STRP -846.75 -25010.74 1137.30 33258.75 2864.94 186566.66 2551.78 2551.78

BL E196 STRP -646.75 -25010.74 1137.30 33258.75 43614.55 1082701.66 19595.94 14595.94

BR E146 STRP -846.75 172633.14 -2637.03 '33258.75 43614.55 1082701.66 14595.94 14595.94 <

9L A03A STRP --846.75 172633.14 -2637.03 33258.75 20540.53 -427838.28 5784.31 5784.31 j

9H A03A AHBH -846.75 172633.U. -2637.03 33258.75 20540.58 -427838.28 5784.31 5784.51

9R A03A SELB 846.72- -172633.14 2637.01 33258.75 -20540.61 427838.28 5784.31 11359.24

10L A038 BELS 1/2633.14 -846.77 2637.01. 10651.84 43147.53 1078387.85 14531.49 28536.97

10H A038 ANBH 172633.14 -846.77 2637.01 10651.84 43147.53 1078387.85 14531.49 14531.49

10R A03B STRP 172633.14 846.75 -2637.01 10651.83 -43147.55 -1078387.85 14531.49 14531.49

11L CHIN STRP 172633.14 846.75 -2637.01 10651.83 -45784.55 -1079234.53 14544.34 14544.34

11R CHIH STRP 172633.13 -43801.27 2048.65 10651.83 -45784.55 -1079234.53 ' 14544.34 14544.34

12 CHOU STRP 172633413 -43801.27 2048.65 10651.83 -37569.46 -903591.28 12177.10 12177.10

13L 005 STRP 172633.13 -43801.27 2048.65 10651.83 17744.13 279042.95 3767.29 3767.29

13H ODM AHBH 172633.13 -43801.27 2048.65 10651.83 17744.13 279042.95 3767.29 3767.29

13R 005 STRP 172633.13 -43801.27' 2048.65 10651.83 17744.13 279042.95 3767.29 3767.29

14L 004 STRP. -172633.13 -43801.27 2048.65 10651.83 19792.78 322844.24 4357.22 4557.22

14R 004 STRP -172633.13 28655.27 14981.84 10651.83 19728.12 323206.43 4362.03 4362.03

15 RBIN STRP 172633.13 28635.27 14981.84 10651.83 139582.87 94124.14 2271.20 2271.20

16 R80U STRP -172633.13 28635.27 14981.84 10651.83 199660.06 -20703.34 2706.39 2706.39

17L 003 STRP 172633.13 28635.27 14981.84 10651.83 205278.25 -31441.57 2799.73 2799.73

l 17H Oc3 AH8N 172633.13 28635.27 14981.84 10651.83 205278.25 -31441.57 2799.73 2799.73

[- 17R 003 STRP 172633.13 20635.27 14981.84 10651.83 205278.25 -31441.57 2799.73 2799.73

| 18L 002 STRP 172633.13 28635.27 14981.84 10651.83 212769.18 -45759.20 2933.68 2933.68

!
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FELL CORPORAT4.4 PAGE 103
IPELPIPE VERSION 22E C5/11/90 SYSTEN: IBM-VM/MVS 8- 6-72 17:57:29

ABB COM30STION EfGINEERING
SYSTEN 80+
PRELIMINARY HAINSTEAN ANALYSIS
OUKE ENGINEER 1tc & SERVICES. INC.

*ATIC ANALYSIS NO. 3 (TM-1). FORCES. NCHENTS AND STRESSES ALONG PIPE RutG ( Cetiro. )

RUN SCP DCP COMP AXIAL Y Z TURS YY ZZ*

NAME NO. NAME TYPE FORCE FORCE ~ FORCE NOMENT NOMENT NUMENT M/Z IN/Z
ELB) (LS) (LB) (LD.FT) ELB.FT) (LB.FT) (PSI) (PSIB

RUN1
- (CONTO.) *

18R 002 STRP 19519.18 -5987.67 - 5365.01 210342.74 908880.02 -54184.11 12581.55 12581.55
19L 001 STRP 19519.18 -5987.67 -35365.01 210342.74 873514.78 -48196.42 12114.36 12114.36
19H 001 AHBH 19519.18 -5987.67 -35365.01 210342.74 873514.78 -48196.42 12114.36 12114.36
193 001 STRP 19519.18 -5987.67 -35365.01 210342.74 875514.78 -48196.42 12114.36 12114.36
20L A04A STRP 19519.18 ~5987.67 -35365.01 210342.74 -279561.34 147031.68 5109.44 5109.44
20H A04A ANDH 19519.18 -5987.67 -35365.01 210342.74 -279561.34 147031.68 5109.44 5109.44
ZOR A04A BELB 19519.18 -16553.80 -35365.01 210342.75 -279561.26 147031.68 5109.44 10033.93
21L A048 DELB 16553.81 19519.17 -35365.01 412180.11 77723.83 135911.54 5936.37 11657.85,

21H A048 AHBH 16553.81 19519.17 -35365.01 -412180.11 77723.83 135911.54 5936.37 5936.37
21R A048 STRP 16553.80 19519.17 -35365.01 412180.C7 77723.95 135911.52 5936.37 5936.~37
22L A054 STRP 16553.80 19519.17 -35365.01 412180.07 -275933.74 -59284.43 6725.78 6725.78
22H A05A ANBH 16553.80. 19519.17 -35365.01 412180.07 -275933.74 -59284.43 6725.78 6725.78
22R A05A BELB 16553.82 -35365.00 -19519.18 412180.18 -59284.29 275933.74 6725.78 13208.09
23L A05B BELB 35365.95 16551.78 -19519.18 132500.77' 338979.79 346479.22 6765.62 13286.33
23H A058 AHBH 35365.95 16551.78 -19519.18. 152500.77 338979.79 346479.22 6765.62 6765.62
23R A05B STRP 35362.20 -16559.82 19519.18 132423.79 -339009.88 -346479.22 6765.62 6765.62
24L A801 STRP 35362.20 -16559.82 19519.18 132423.79 -314606.74 -325775.99 6352.89 6352.89
24R ABOL STRP 35365.01 -16553.80 19519.18 -132477.25 *14584.23 -325775.99 6352.89 6352.89
25 AB02 STRP '35365.01 -16553.80 19519.18 132477.25 -L56026.67 -276114.54 E374.37 5374.37

'26 A803 STRP 35365.01 -16553.80 19519.18 132477.25 -197469.12 -226453.12 4421.07 4421.07
27 AB04 STRP 35365.01 -16553.80 19519.18 132477.25 -138911.56 -176791.67 3513.55 3513.55
28L AB05 STRP- 35365.01 -16553.80 19519.18 132477.25 -80354.00. -127730.25 2698.44 2698.44
28R AB05 STRP .35367.22 -16549.07 19519.18 132488.00 -80336.30 -127130.25 2698.44 2698.44*

29L 10 STRP 35367.22 -16549.07 19519.18 132488.00 357615.61 244181.53 6096.97 6096.97
29H 10 ANTT 35367.22 -16549.07 19519.18 132488.00 357615.61 244181.53 6096.97 9751.50
29R ' 10 VALV 35365.01 -16553.80 19519.18 152035.81 357597.71' 244181.53 N/A
30 MSIV VALV 35365.01 -16553.80 19519.18 132535.81- 445433.98 318673.67 N/A
31L 11 VALV 35365.01 -16553.80 19519.18 132535.81 484472.40 351781.30 N/A
31H 11 ANTT 35365.01 -16553.80 19519.18 132535.81 484472.40 351781.30 8256.15 13204.89
31R '11 STRP 35365.01 ' -16553.80 19519.18 132535.81 484472.40 351781.30 8256.15 8256.15
32 HSVH STRP 35365.01 -16553.80 19519.18 132535.81 621106.86 467657.95 10618.84 10618.84

RUN2-
33 ABol VALV 0.00 0.c0 0.00 0.00 0.00 0.00 N/A
34 101 VALV 0.00 0.00 0.00 0.00 0.00 0.00 N/A
35L 102 VALV 0.00 0.00 0.00 0.00 0.u0 0.00 PVA
35R . 102 PEtti 0.00 0.00 0.00 0.00 0.00 0.00 tL/A
36L BotA tKets 0.00 0.00 0.00 0.00 0.00 0.00 N/A

t
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PELL CORPORAT1cx4 PAGE 44
PERPIPE VER$10H 22E 05/3 L*90 5 SYSTEM: IBM-VM/NNS C- 6-92 10: 3:58

ABB COMBUSTICH ENGINEERING
SYSTEM 80+

|[O
{ g{ g Qh QQ bMY, hIbh Mf.FRELIMINARY HAINSTEAM ANALYSIS

DUKE EtGINEERING 1 SERVICES, INC.

TA0 CASE NO. 4 3 (HST11. FURCES. HOMENTS AND STRESSES ALGC PIPE RUNS

RUN SUP DCP COMP AXIAL Y Z TURS YY ZZ
NAME NO. NAME 1YPE FORCE FORCE FORCE HOMENT NOMENT HOMENT M/Z IM/Z

(LB) ( LB I (LBI ILB.FT) (LB.FT) (LB.FT) (PSI) EPSII

RUN1
1H SGNZ ANTT 14349.93 -5566.20 -24879.06 70362.06 399766.62 -61269.44 5036.13 8054.79
1 SGNZ STRP 14349.93 -5566.20 -24879.06 70362.06 399766.62 ~61269.44 503%.13 5036.13
2L A01A STRP 12340.23 -6297.62 -24079.06 70362.06 286304.62 -32905.15 3639.36 3639.36
2H A01A AHBH 12340.23 -6297.62 -24879.06 70362.06 286304.62 -32905.15 3639.36 3639.36
2R ADIA BELB 12340.21 24879.04 -6297.62 70362.00 32905.18 286304.62 3639.36 7146.98
3L A018 BELB -24879.04 9490.11 -7334.90 -1980.58 41437.46 141381.06 1808.09 3550.72
3H A018 AHBH -24879.04 9490.11 -7334.90 -3980.58 41437.46 141381.06 1808.09 1808.09
3R A015 STRP -24879.05 6409.36 -10138.20 -3980.59 87290.69 118684.37 1808.09 1808.09
4 EHIN STRP -24879.06 1517.83 -10138.20 -3980.59 -18375.45 80246.25 1011.12 1011.12
SL EHou S1RP -24879.06 -26.87 -10138.20 -3980.59 -51743.70 77762.19 1146.93 1146.95
5R EHOU STRP -24879.06 -26.87 1225.94 -3980.59 -51743.70 77762.19 1146.93 1146.93
6L A02A STRP -24879.06 -3976.13 1225.94 -3980.59 -41490.46 92480.62 1244.46 12' 46
6H A02A AHBH -24879.06 -3976.13 1225.94 -3980.59 -41490.46 92480.62 1244.46 12 46
6R A02A BELB -24879.04 -3976.14 1225.94 -3980.57 -41490.44 92480.62 1244.46 2445.87
7L A028 BELB 7009.11 -24879.04 1225.94 36477.48 1032.39 215200.75 2677.85 5258.76
7H A028 AHBH 7009.13 -24879.04 1225.94 36477.48 1032.39 215206.75 2677.85 2677.(1
7R A02B STRP 7009.13 -24879.06 1225.94 36477.50 1032.41 215206.75 2677.85 2677.85
8L. E146 STRP 25457.92 -24879.06 1225.94 36477.50 48929.87 1193969.0b 14666.75 14666.75
8R 'E146 STRP 25457.92 178186.37 -2682.94 36477.50 48929.87 1193969.00 14666.75 14666.75
9L A03A STRP 29963.27 178186.37 -2682.94 36477.50 23205.14 -512392.31 6308.37 6308.37
9H A03A AHBH 29963.27 178186.37 -2682.94 36477.50 23205.14 -512392.31 6308.37 6308.37
9R A03A BELB 29963.29 -178186.31 2682.92 36477.48 -23205.16 512392.31 6308.37 12388.39
10L A038 BELB 178186.31 32996.23 2682.92 12180.40 47502.26 1125951.00~ 13826.28 27152.07
10H A03B AHBH 178186.31- 32996.25 2682.92 12180.40 47502.26 1125951.00 13826.28 13826.28
10R A03B STRP 178186.37 -32996.26 -2682.92 12180.39 -47502.30 -1125951.00 13826.28 13826.28
11L CHIN STRP 178186.37 -33511.17 -2682.92 12180.39 -50442.27 -1092779.00 13421.34 13421.34
11R CHIN STRP 178186.37 -33018.86 2044.90 12130.39 -50442.27 -1091779.00 13421.34 13421.34
12 CHOU STRP 178186.37 -35083.59 2044.90 .12180.39 -41441.51 -939114.06 11533.24 11533.24
13L 005 .STRP 178166.37 -48985.84 2044.90 12180.39 19162.16 311093.69 3826.65 3826.65

.13H 005 AHBH 178186.37 -48985.84 2044.90 12180.39 19162.16 '311093.61 3826.65 3826.65
13R 005 STRP 178186.37 -48985.84 2044.90 12180.39 19162.16 311093.69 3826.65 3826.65
14L 004. STRP 178186.37 -49500.73 2044.90 12180.39 21406.74. 364606.12 4483.18 4483.18
14R 004 STRP 178186.37 30735,56 13924.82 12180.39 21341.02 365042.31 4488.48 4488.48
15 RSIN STRP 178186.37 26615.17 13924.82 12180.39. 144421.75 113310.31 2256.96 2256.96
16 : RDCU STRP 178186.37 24551.13 13924.82 12180.39 206115.94 -471.74 1533.05 2533.05
17L 003 STRP 178186.37 24358.05 13924.82 '12180.39 211885.37 -10688.86 2607.00 2607.00
17H 003 AHBH 178186.37 24358.05 '13924.82 12180.39 211885.37 -10688.86 2607.00 2607.00
17R 003 STRP 178186.37 24358.05 13924.82 12180.39 211885.37- -10688.86 2607.00 2607.00
18L 002 STRP 178186.37 24100.60 13924.82 12160.39 219577.94 -24199.06 2714.21 2714.21

9
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PAGE 43ftPELL CCRPonAlaore
UPERPIPE VEZSICH 22E 05/ alt 90 s SYSTEM: IBM-VM/MVS O- 4-92 10: 3:56

ABS CO203T1cN EPGINEERIPG
SYSTEM 80*
PRELIMINARY MAItt3 TEAM ANALYSIS
OUKE ENGINEERING S SERVICES, INC.

5'.0 C2.SE HS. 63 (HtTT1 ). FORCES, NO ENTS AND STRESSES ALOG PIPE RtAG ECO UD.)

. C.tA4 SCP DCP CCHP AXIAL Y Z TUttS 9f ZZ
NAME NO. NAME 7YPE FURCE FCRCE FURCE HCHENT MOMENT NCMENT M/Z IM/Z

I L8 7 I LB J ( LB I (LS.FT) (LS.FT) ( LS.FT l (PS18 (PS17

P'Rt1

~ 18R 002 STRP 18677.38 982.41 -33269.16 248091.37 938075.31 -33312.*9 11111.00 11911.00
19L 001 STRP 18677.38 467.51 -33269.16 2450T !.37 901358.50 -33454.31 11476.43 11476.43
1*H 001 AHBH 18677.38 467.51 -33269.16 24809 37 90135A to -33454.31 11476.43 11476.43
19R- 001 STRP 18677.38 467.51 -3326?.16 24809; 37 ?01356 '4 -33454.31 11476.43 11476.43
20L A04A STRP 18677.38 -16320.72 s.16 248091.37 -295772.19 244021.56 5602.83 5602.83-**

20H A04A A>3H 18677.38 -163*0.72 16 248091.37 -295772.19 244021.56 5602.83 5602.83
20R A04A BEL 8 18677.35 12786.4P .16 248091.31 -295771.94 244021.56 5602.83 11002.84
21L A04B BELS -9753.48 18677.36 , .o9.16 433457.69 110405.44 130635.00 5716.69 11226.44
21H A048 A>BN -9753.48 18677.38 -33269.16 433457.69 110405.44 130635.00 5716.69 5716.69
21R A048 STRP -9753.48 18677.37 -13269.16 433457.69 110405.69 130635.00 5716.69 5716.69
22L A05A STRP -4604.40 18677.37 -33269.16 433457.69 -256763.*4 -75168.50 6249.03 6249.03
22H A05A A>BH -4604.40 18677.37 -33269.16 433457.69 -256763.94 -75168.50 6249 *3 6249.03
22R A05A set 3 -4604.38 -31269.16 -18677.*8 433457.69 -75168.19 256763.?4 6249.3 12271.85
23L A058 BEL 3 33269.06 -1573.43 -18677.38 152363.44 356278.31 399978.19 6831.98 13416.67
23H A058 AMBH 33269.06 -1573.43 -18677.38 152365.44 354278.31 399978.19 6831.93 6831.98
23R A058 STRP 33269.44 1565.84 18677.38 152282.62 -356313.19 -399978.19 6831.99 6831.99

24L ASol STRP- 33269.33 922.12 18677.38 152282.62 -330584.19 -3 0 315.62 6630.27 6630.27
24R A801 STRP 33269.16 -986.07 18677.38 151996.56 -330558.25 -3'P9515.62 6629.09 6629.09

25L AB02 STRP 33269.16 -2530.77 18677.38 151996.56 -268818.50 -389400.06 6097.07 6097.07
25R A80t STRP 33269.16 44.62 18677.38 151654.25 -268818.50 -389400.06 6095.79 6095.79
26L A803 STRP 33269.16 "Y 89.31 18677.38 1516F4.25 -207078.75 -368908.56 5513.43 5513.43
26R AB03 STRP 33269.16 'rJ3.16 18677.38 15131:.94 -207078.75 -368908.56 5512.02 5512.02
27L A804 STRP 33269.16 -9447.86 18677.38 151311.94 -145339.00 -338041.75 4880.97 4880.92
27R AB04 STRP 33269.16- -11361.71 18677.38 150969.62 -145339.00 -338041.75 4879.33 487?.33
28L AB05. STRP 33269.16 -12906.40 18677.38 150969.62 -83599.19 -296799.06 4211.88 4211.88

2BR AB05 STRP 33271.15 -14815.80 18677.38 150638.50 -83579.06 -296799.06 4210.04 4210.04

29L 10 STRP 33272.69 -26368.56 18677.38 150638.50 378172.25 201419.50 5571.83 5571.83
2*H 20 ANTT 33272.69 -26368.56 18677.35 150638.50 378172.25 201419.50 5571.83 8911.59

. 29R 10 %ALV 33269.16 -26373.02 28677.38 150689.06 378151.69 201419.50 WA

| 30 MSIV VALV 33269.16 -28303.50 18677.38 150689.06 470761.44 331702.31 WA
' 31L 11 VALV 33269.16 -57928.24 18677.38 150689.06 511921.25 519948.62 WA

31H 11 ANTT 33269.16 -57928.24 18677.38 150689.06 511921.25 519948.62 9140.43 19619.20
31R 11 STRP 33269.16 -57928.24 18677.38 150689.06 511921.25 519948.62 9140.43 9140.43
32 MSVH STRP 33269.16 -61532.52 18677.38 150689.06 655981.19 949355.56 14276.80 14276.80
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t1PELL CCRPCR%d4 FAGE 63UPERPIPE YER$1Ci 22E 05/31/903 SYSTEM: IBN4WifVS 8- 6-92 18: 3:58

ABB COSU3TImi EPGINEERIPC
SYSTEtt 80+
PRELIMINARY MADGTEAM ANALYSIS
DUKE EtGINEERItG S SERVICES DC.

23D CASE tc.3B tSSEA 3. FCRCES, NONENTS AND STRESSES ALONG PIPE RitG tCaf7D.I

Rt24 SCP CCP COMP AX7AL Y Z TORS YY ZZNAME id. NAME TYPE FCRCE FCRCE FCRCE HCMENT NOMENT NONENT M/Z IM/ZELBI ( LB ) ELB) (LB.FT) ELB.FT3 ILB.FT) (PSI) (PSI)

Ptral
ICaiTO.I

17L 003 STRP 78563.81 24755.81 17750.88 20020.87 176443.62 159866.94 2923.55 2923.5517H 003 ANBH 78563.81 24755.81 17750.88 10020.87 176443.62 159866.94 2923.55 2923.5517R 003 STRP 78917.12 24935.11 17869.32 10020.87 176443.62 159866.94 2923.55 2923.55IBL 002 STRP 78917.12 24935.11 17869.32 10020.87 183642.69 166045.00 3039.79 3039.79ISR 002 STRP 144978.25 67310.69 427?0.83 243194.69 757615.00 645560.31 12570.21 12570.2119L 001 STRP 144978.25 67310.67 42790.83 243194.69 716050.50 576351.62 11679.f2 11679.5219H 001 AHBH 1i4978.25 67310.69 42790.83 243194.69 716050.50 578351.62 11679.52 11679.5219R 001 STRP 344274.00 66987.44 41903.72 243194.69 716050.50 578351.62 11679.52 11679.5220L A04A STRP 142384.62 59381.84 12392.99 243194.69 190876.19 1434027.00 18596.92 18596,9220H A04A AMBH 142384.62 59381.84 12392.99 243194.69 190876.19 1484027.00 18596.92 18596.9220R A04A BELB ~ 141953.87 104202.94 28220.09 213194.69 190876.19 1484027.00 18596.92 36520.6811L A048 BELS 104202.94 141953.87 28220.09 170828.56 178347.62 862960.37 11011.80 21625.0021H A048 AMBH 104202.94 141953.87 R8220.09 170828.56 178347.62 862960.37 11011.80 11011.8021R A048 STRP 96681.62 134892.69 47383.04 170828.56 178347.62 862960.37 11011.80 11011.8022L A05A STRP 96681.62 134892.69 47383 04 170828.56 403591.50 487517.94 8042.26 8042.2622H A05A A66H 96681.62 134892.69 47383.04 170828.56 403591.50 487517.94 8042.26 8042.2622R A05A BELS 89899.94 *1743.64 103644.19 170828.56 487517.94 403591.50 8042.26 15793.4123L A058 ZELB 49747.10 89897.06 103644.19 874369.87 400180.37 406151.75 12805.98 25148.4223H A058 ANBH $747.10 89897.06 103644.19 874369.87 400180.37 406151.75 12805.98 12805. "-23R A058 STRP 50175.74 85119.37 86704.81 874459.75 399983.44 406151.75 12805.98 12805.se24L ABol STEP 50175.74 85119.37 86704.81 874459.75 506289.12 403277.37 13347.02 13347.0224R ABol STRP 49774.34 76292.94 62305.41 826967.19 506401.44 404440.12 12889.52 12889.5225L AB02 STRP 49778.34 7(292.94 62305.41 826967.19 687299.25 433834.69 14224.91 14224.9125R AB02 STRP 50780.93 62726.53 50636.83 781151.44 687266.37 436134.12 13840.29 13840.2926L A803 STRP. 50780.93 62726.58 50636.03 781151.44 780551.19 490710.31 14864.48 14864.4826R A803 STRP 53089.50 47723.18 47590.15 737111.94 7 % 518.62 493393.94 14536.98 14536.9027L AB04 STRP 53089.50 47723.18 47590.15 737311.94 8T/196.37 571823.31 15119.80 15119.8027R A804 STRP $6180.85 35470.66 43853.95 695976.94 8o3164.50 574103.25 14815.01 14835.0123L AB05 STRP 56180.85 35470.66 43853.95 695976.94 751053.81 619087.31 14679.30 14679.30ESR A805 STRP 62087.22 40340.12 61382.05 657674.87 751107.19 619633.19 14415.01 14415.0129L 10 STRP 68045.62 44931.54 87623.94 657674.87 951795.00 551551.81 15723.45 15723.4529H 10 ANTT 68045.62 44931.54 87623.94 657674.87 951795.00 551551.81 15723.45 25144.0929R 10 VALV 71 W .00 47128.63 95470.56 657550.50 951880.94 551551.81 N/A
30 H31V VALV 71992.00 47128.63 95470.56 657550.50 1363794.00 609381.87 N/A3R 11 VALV 120422.12 151668.56 194714.81 582919.31 '1715624.00 485723.69 N/A
31H 11 ANTT 120422.12 151668.56 194714.81 582919.31 1715624.00 485723.69 23013.84 36008.3431R 11 STRP 122982.00 156911.37 199628.56 582919.31 1715624.00 485723.69 13013.84 21013.8432 MSVH STRP 122982.00 156911.37 199628.56 582919.31 2718845.00 1467581.00 38572.53 38572.53
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MPELL CUPPCRA1164 PASE 56UPERPIPE VERSION 22E 05/31/903 SYST% IBMW1/MVS C- 6-t2 1h 3:58
ABB C2SUSTION ENGINEERItC
SYSTEM 80+
PRELIMINARY MAINSTEAM ANALYSIS
DUKE EPGINEERitG & SERVICES, ItC.

{ g{ $
CAD CASE tc.635 (SAMF). FORCES, HCHENTS AND STRESSES ALOG P2PE Rt243

RUN SCP DCP COMP AX1AL Y Z TURS YY ZZ
NAME PC. HAME TYPE FORCE FCRCE FORCE MOMENT MCMENT MCMENT M/Z IM/Z

. tLB) S LB ) (LB) ( LS. F T ) ( LB.FT ) ( LS. FT ) (PSit (PSI)
RUN1

IN SC22 ANTT 14098.06 35842.91 11846.74 463057.31 188617.44 290737.69 7095.61 11348.71
1 SGNZ STRP 14098.06 36842.91 11846.74 463057.31 188617.44 290757.69 7095.61 7095.612L ADIA STRP 14398.06 36842.91 11846.74 463057.31 IM547.06 138520.50 6263.73 6263.732H ADIA AHBH 14098.06 36842.91 11846.74 463057.31 164547.06 138520.50 6263.71 6263.752R A01A BELB 14099.05 11846.74 36842.91 463057.31 138520 4 2 IM547.06 6263.75 12304.723L A018 SELB 11846.74 14098.06 36842.91 17343.97 325261.31 109337.75 4215.10 8277.623H A018 ANBH 11846.74 14098.06 36842.91 17343.97 325261.31 199337.75 4215.10 4215.103R A018 STRP 11846.74 7379.16 38252.67 17343.98 329532.25 57791.39 4109.91 4109.914 EHIN STRP 11846.74 7379.16 38252.67 17343.98 35986.05 80582.19 1103.39 7103.39SL EHOU STRP 11846.74 7379.16 3S252.67 17343.98 149756.44 92780.12 2171.64 2171.68SR EHOU STRP 11846,74 7379.16 4899.79 17343.98 149756.44 92780.12 2171.6x 7171.68et A02A STEP 11846.74 7379.16 4899.79 17343.98 112233.50 135065.56 2164.~ g,14.876H A02A AMBH 11846.74 7379.16 4899.79 17343.98 112233.50 135065.56 21M.& D ,4.87
6R A02A SELB 11846.74 7379.16 4899.79 17343.97 112233.44 135065.56 ZI M .8. es1.387L A028 SELS 7379.16 11846.74 4899.79 93960.56 23752.14 117723.06 1870.66 S-J3.647H A028 AleH 7379.16 11846.74 4899.79 93?60.56 23752.14 117723.06 1870.68 2870.687R A028 STRP 7379.16 1184.74 4899.79 93960.62 23752.18 117723.06 1870.68 1870.688L E146 STRP 7379.16 11846.74 4899.79 93960.62 191585.31 307514.06 4591.88 4591.888R E146 STRP 7379.16 25765.86 14542.66 93960.62 191585.31 307514.06 4511.85 4591.889L A03A STRP 7379.16 25765.86 14342.66 93960.62 66964.69 82177.87 1737.82 1737.629H A034 AMBH 7379.16 25765.86 19342. 4 93960.62 4 9%.69 8217~.87 1737.82 1737.829R A034 BEL 8 7379.15 25765.86 14342.66 93960.56 66*H.62 82177.87 1737.82 3412.7410L A038 BEL 8 25765.84 7379.16 14342.66 13584.89 14.400.56 41228.82 1885.10 3701.9610H A038 AMBH 25765.84 7379.16 14342. 4 13584.89 147400.56 41228.82 1885.10 1885.1010R A038 STRP 25765.86 7379.16 14342.66 13584.88 147400.62 41228.82 1885.10 1885.1011L CHIN STRP 25765.86 7379.16 14342.4 13584.88 161 " #.94 48453.82 2077.99 2077.?911A CHIN STRP 25765.86 1967.15 6553.69 13584.88 161734.94 48453.82 2077.99 2077.9912 CHOU STEP 25765.86 1967.15 6553.69 13584.88 135570.62 40569.26 1744.04 1744.0413L 005 STRP 25765.86 1967.15 6553.69 13584.88 41699.47 12550.77 559.63 559.63'

13H 005 ANBH 25765.86 1967.15 6553.69 13584.88 41699.47 12550.77 559.63 559.6313R 005 STRP 25765.86 1967.15 6553.69 13584.88 41699.47 12550.77 559.63 559.6314L 004 STRP 25765.86 1967.15 6553.69 13584.88 48253.14 14517.86 MO.25 M 0.2514R 004 STRP 25765.86 1785.82 8057.63 13584.88 4830% 25 14533.52 MO.94 M0.9415 RBIN 'STRP 25765.86 1785.82 8057.63 13584.88 26tW. 61 7148.21 371.08 371.0816 RB00 STRP 25765.86 1785.82 8057.63 13584.88 49611.36 8044.23 638.71 638.71ITL 003 STRP 25765.86 1785.82 8057.63 13584.88 52632.02 8678.99 675.30 675.3017H 003 ANDH 25765.86 1765.82 8057.63 13584.88 52632.02 8678.99 675.30 675.3017R 003 S;RP 25765.86 1785.82 8057.63 13584.88 52632.02 8678.99 675.30 675.3018L 002 STRP 25765.86 1785.82 8057.63 13584.88 Sit 59.82 9531.77 724.30 724.30
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:MPELL CCRPCRAs..tt PAGE 57
WPERPIPE VERSION 22E 05/31/90s SYSTEM: IBM-VM/twS 0- 6 *,2 10: 3:58

ABB CGst.GTION EPCINEERItG
SYSTEM 80*
PRELIt'INARY MAINSTEAM ANALYSIS
OUKE ENGINEERIPC & SERVICES, INC.

.CAO CASE tc.6N t SAMFI. FCRCES, MC21ENTS AND STRESSES Aletc PIPE RutG t Camo. I

RtJH SCP DCP COMP AXIAL Y Z TCRS YY ZZ
NAME to. NAME TYPE FORCE FCRCE FCRCE HOMENT NOMENT HOMENT M/Z IM/Z

ELB) ( LS I (LBI (LB.FT) (LB.FTI (LB.FT) EPSI) (FSIl

RtJ41
ECONTD.I

18R 002 STRP 4420.60 2163.16 7874.94 56289.74 222067.19 34765.28 2842.66 2842.66
19L 001 STRP 46*0.60 2163.16 7874.94 56289.74 214311.19 32882.18 2748.12 2748.12
19H 001 AMBH 4620.60 2163.16 7874.94 56289.74 214311.19 32882.18 2748.12 2748.12
19R 001 STRP 4620.60 2163.16 78/4.94 56289.74 214311.19 32882.18 2748.12 2748.12
20L A044 STRP 4620.60 2163.16 7874.94 56289.74 59351.77 45368.09 1147.53 1147.53
20H A04A AHBH 4620.60 2163.16 7874.94 56289.74 59351.77 45368.09 1147.53 1147.5'
20R A04A SELS 4620.60 2461.61 7874.94 56289.72 59351.75 45368.09 1147.53 2253.5221L A04B BELB 2 % 1.61 4620.60 7874.94 84267.56 26796.06 32524.66 1155.86 2269.8821H 'A04B ANBH 2461.61 4620.60 7874.94 84267.56 267?6.06 32524.M 1155.86 1155.8621R A04B STRP 2461.61 4620.60 7874.94 84267.62 26796.08 32524.66 1155.86 1155.8622L A05A STRP 2461.61 4620.60 7874.94 84267.62 52133.16 14510.65 1228.61 1228.6122H A05A AHBH 2461.61 4620.60 7874.94 84267.62 52133.16 14510.65 1228.61 1228.6122R A05A .BELB 2461.61 7874.94 4620.60 84267.56 14510.61 52133.16 1228.61 2412.7423L A058 BELB 7875.08 2461.16 4620.60 31528.83 69580.81 72365.06 1290.90 2535.0723H A05B AHBH 7875.08 2461.16 4620.60 31528.83 69580.81 72365.06 1290.90 1290.9023R A05B $7RP 7874.52 2462.95 4620.60 31515.75 69586.75 72365.06 1290.90 1290.9024L ABOL STRP 7874.52 2462.95 4620.60 31515.75 64980.48 69289.62 1227.83 1227.8324R ABol STRP 7874.54 2461.61 4620.60 31524.58 64976.16 692J9.62 1227.83 1227.8325 ABD2 STRP 7574.94 2461.61 4620.t3 31524.58 54835.86 61915.27 1085.86 1085.8626 AB05 STRP 7874.94 2461.61 4620.60 31524.58 46654.36 54543.71 961.73 961.7327 AB04 STRP 7874.94 2461.61 4620.60 31524.58 41606.51 47176.36 863.18 863.1828L AB05 STRP 7874.94 2461.61 4620.60 31524.58 40869.41 39815.47 799.72 799.722BR AB05 STRP 7875.27 2430.56 4620.60 31524.17 40869.73 39815.47 799.72 799.7229L 10 STRP 7875.27 2460.56 4620.60 31524.17 115720.44 15928.10 1484.31 1484.3129H 10 ANTT 7875.27 2460.56 4620.60 31524.17 115720.44 15928.10 1484.31 2374.0129R 10 VALV 7874.94 2461.61 4620.60 31538.31 115716.62 15928.10 N/A30 PGIV VALV 7874.94 2461.61 4620.60 31538.31 135382.56 26848.19 tVA31L 11 VALY 7874.94 2461.61 4620.60 31538.31 144224.75 31736.41 PVA
31H 11 ANTT 7874.94 2461.61 4620.60 31538.31 144224.75 31736.41 1852.54 2962.95319 11 STRP 7874.94 2461.61 4620.60 31538.31 144224.75 31736.41 1852.54 1852.5432 MSYH STRP 7874.94 2461.61 4620.60 31538.31 175496.81 98900.45 2268.26 2268.26

RtJN2
33 AB01 VALV 0.00 0.00 0.00 0.00 0.00 0.00 N/A34 101 VALV 0.00 0.00 0 VG 0.00 0.00 0.C0 N/A35L 102 VALV 0.00 0.00 0.00 0.00 0.00 0.00 tVA
35R 102 HurG 0.00 0.00 0.00 0.00 0.00 0.00 tVA36L B01A PK2t3 0.0C 0.00 0.00 0.00 0.00 0.00 tVA

.
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HPELL CcRPCR'. Tith PACE 50UPERPIPE VERSION '22E CS/31/90s SYSTEHr IBM-VWNVS O- 6-72 10 3:58
ABS CotBUSTIott ENGINEERING
SYSTEM 80*
PRELIMINARY ttAIN3TEAN ANALYSIS
DUKE ENGINEEPlie & SERVICES INC.

CAO CASE NS. 7 (STMHl. FCRCES, HONENTS AND STRESSES ALOM; PIPE RtPG

PtM SCP DCP ' COMP AXIAL Y Z TURS YY ZZNAME NG. NAME TYPE FDPCE FCRCE TCPCE NONENT NCHENT NOMENT M/Z IN/Z( LB ) I LB ) (LBI ILB.FTP ILB.FT) I LS.FT ) (PSI) IPSI)

RtM1
IH SGNZ ANTT 4450.00 444.17 12376.98 2649.66 78626.19 2675.46 965.69 1544.531 SGNZ STRP 4450.00 444.17 12376.98 2649.66 78626.19 2675.46 965.69 965.692L A01A STRP 4450.00 444.17 12376.98 2649.46 27217.41 864.98 335.65 335.65ZH ADIA AHBH 4450.00 444.17 12376.98 2649.66 27217.41 864.98 335.65 335.652R ADIA BELB 1260.27 12376.?8 324.92 2649.66 864.98 27217.41 335.65 659.153L A01B BELS 12376.98 1260.27 324.92 379.77 1513.87 19527.92 240.33 471.973H A018 AMBH 12376.98 1260.27 324.92 379.77 1513.87 19527.92 240.33 240.373R A01B STRP 12376.98 1169.10 562.95 379.77 6819.71 186S7.28 244.09 249.094 ENIN STPP 12376.98 1169.10 562.95 379.77 1478.63 9271.97 115.28 115.28SL EHOU STRP 12376.98 1169.10 562.95 379.77 342.39 7480.23 91.98 91498SR EHOU STRP 12376.98 1169.10 12.16 379.77 342.39 7480.23 91.98 91.986L A024 ~STRP 12376.98 1169.10 12.16 379.77 251.83 5980.10 73.58 73.586H A02A AMBH 12376.98 1169.10 12.16 379.77 251.83 5980.10 73.58 73.586R .A02A BELB- 842.99 1169.10 12.16 379.77 251.83 5980.10 73.58 144.497L A028 BELS 1169.10 842.99 12.16 268.76 358.43 7203.00 88.54 173.877H A028 AHBH 1169.10 842.99 12.16 268.76 358.43 7203.00 88.54 88.547R A328 -STRP 1169.10 842.99 12.16 268.76 358.43 7203.00 88.54 88.548L E196 STRP 1169.10 842.99 12.16 268.76 340.70 23001.46 282.23 282.238R Ei46 STRP 1169.10 6385.37 24.78 268.76 340.70 2300. 46 282.23 282.239L ADIA STRP 1169.10 6385.37 24.78 268.76 123.85 37850.47 464.36 464.369H m034 AHBH 1169.10 6385.37 24.78 268.76 123.85 37850.47 464.36 464.369R A03A BELB 23124.75 6385.36 24.78 268.76 123.85 37850.47 464.36 911.9210L . A038 SELB 6385.37 23124.75 24.78 43.16 308.24 33937.62 416.36 817.6610H. A033 ANBH 6385.37 '23124.75 24.78 43.16 308.24 33937.62 416.36 416.3610R A036 STRP 42253.66 23124.75 24.78 43.16 303.24 33937.62 416.36 416.3611L CHIN STRP 42253.66 23124.75 24.78 43.16 321.24 57062.41 700.05 700.0511R CHIN ~STRP 42253.66 2317.25 13.05 43.16 321.24 57062.41 700.05 700.0512 CHOU STRP 42253.66 2317.25 13.05 43.16 268.91 4 7770.25 586.06 586.0613L 005 STRP 42253.66 2317.25 13.05 43.16 83.45 14795.38 181.51 181.51.23H 005 AHBd 42253.66 2317.25 13.05 .43.16 83.45 14795.38 181.51 181.5113R 005 STRP 42253.66 2317.25 13.05 43.16 83.45 14795.38 181.51 181.5114L 004 STRP 42253.66 2317.25 13.05 43.16 96.50 17112.63 209.94 209.9414R 004 STRP 42253.65 1453.43 8.15 43.16 96.61 17131.48 210.17 210.1715 RBIN STRP 42253.65 1453.43 8.15 43.16 12.10 5503.99 67.53 67.5316 RBDU STRP' 42253.65 1453.43 e.15 43.16 3.62 324.28 4.01 4.0117L 003 - STRP 42253.65 1953.43 8.15 43.16 6.68 869.32 10.68 10.6817H 003 A>BN 42253.65 1453.43 8.15 43.16 6.68 869.32 10.68 10.6817R 003 STRP 42253.65 1453.43 8.15 43.16 6.6e 869.32 10.68 10.6818L 002 STRP. 42253.65 1453.45 8.15 43.16 10.75 1596.04 19.59 19,59

?
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:NPELL CURPORAe4.k4 PAGE 51
AJPERPIPE YERSICH 22E 05/31/90s SYSTEM: IBM-YW MVS G- 6-42 10 3:58

ABS COMBtJSTIG4 ENGINEERING
SYSTEM 80*
PRELIMINARY MAINSTEAM ANALYSIS
DWE ENGINEERING S SERVICES, INC.

CAO CASE H5. 7 ISTMHl. FORCES. HONNTS Af40 STRESSES ALONG P2PE RtRG (CD4TO.)

RLN SSP OCP COMP AXIAL Y Z TORS YY Z2
NAME NO. NAME TYPE FORCE FORCE FORCE NDHENT MONENT NOMENT WZ IM/Z

E LS I ( LB ) IIB) (LS.FTl ILS.FT) (LB.FT) EPSIR (PS13

RtR11
iCQiTO.I

18R 002 STRP 4.07 12.55 1.50 14.90 10.05 357.18 4.39 4.39
19L 001'STRP 4.07 12.55 1.50 14.90 9.14 344.63 4.23 4.25
198 001 AMBH 4.07 12.55 1.50 14.90 9.14 344.63 4.23 4.25

.19R 001 STRP 4.07 12.55 1.50 14.90 9.14 344.63 4.23 4.25
20L A04A STRP 4.07 12.55 1.50 14.90 42.89 64.53 0.97 0.97
20H A04A AMBH 4.07 12.55 1.50 14.90 42.89 64.53 0.97 0.97
20R A04A BELS 4.07 0.50 1.50 14.90 42.89 64.53 0.97 1.90
ZIL A048 BELS 0.50 4.07 1.50 48.52 9.27 50.04 0.86 1.69
21H A048 AHBH 0.50 4.07 1.50 48.52 9.27 50.04 0.86 0.86
21R A 048 STPP 0.50 4.07 1.50 48.52 9.27 50.04 0.86 0.86
ZZL A05A STRP 0.50 4.07 1.50 48.52 6.72 23.60 0.67 0.67
22H A05A AMBH 0.50 4.07 1.50 48.52 6.72 23.60 0.67 0.67
ZZR A05A BELB 0.50 1.50 4.07 48.52 23.60 6.72 0.67 1.31
21L A058 SELS 1.50 0.50 4.07 30.12 33.33 10.53 0.57 1.11
23H A058 AHBH 1.50 0.50 4.07 30.12 33.33 10.53 0.57 0.57
23R A055 STRP 1.50 0.50 4.07 30.11 33.33 10.53 0.57 0.57
24 - AB01 - STRP 1.50 0.50 4.07 30.11 28.26 10.24 0.52 0.52
25 AB02 STRP 1.50 0.50 4.07 30.12 16.11 9.58 0.44 0.44
26 AB03 STRP 1.50 0.50 4.07 30.12 4.65 8.95 0.39 0.19
27 AB04 STRP 1.50 0.50 4.07 30.12 9.01 8.33 0.40 0.40
28 ABUS STRP 1.50 0.50 4.07 30.12 21.22 7.70 0.46 0.46
29L lo STRP 1.50 0.50 4.07 30.12 112.53 9.81 1.45 1.43
29H 10 ANTT 1.50 0.50 4.07 30.12 112.53 9.81 1.45 2.29
29R 10 VALV 1.50 0.50 4.07 30.12 112.53 9.81 WA
30 MSIV VALV 1.50 0.50 4.07 30.12 130.84 12.04 WA
31L 11 YALV 1.50 0.50 4.07 30.12 138.98 13.04 WA

, 31H 11 ANTT 1.50 0.50 4.07 30.12 138.98 13.04 1.75 2.80
i 31R- 11 STRP 1.50 0.50 4.07 30.12 138.98 13.04 1.75 1.75
! 32 MSvH STRP 1.50 0.50 4.07 30.12 167.47 16.51 2.10 2.10

Rtkl2
33 ABOL VALV 0.00 0.00 0.00 0.00 0.00 0.00 WA
34 101 YALY 0.00 0.00 0.00 0.00 0.00 0.00 M/A
35L 102 VALV 0.00 0.00 0.00 0.00 C.00 0.00 N/A
35R 102 PCG 0.00 0.00 0.00 0.00 0.00 0.00 WA
36L BOIA fCG O.00 0.00 0.00 0.00 0.00 0.00 WA
36R BOIA BELS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
37L 8015 CELS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

.
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I!9 ELL CORPemATISH PAGE 68
SUPERPIPE VERSICH 22E 05/31/90s SYSTEM: IBM-VM/MVS O- O-92 18 3:58

A88 COMBUSTION ENGINEERING
SYSTEtt 80+
PRELIMt4ARY HAINSTEAM ANALYSIS gDUKE ENGINEERING & SERVICES, DC.

LOAD CASE H5. 38 (SAttII. FORCES, HOMENTS M C STRESSES ALONG PIPE RUNS

RUN SOD OCP COMP AXIAL Y Z TORS YY ZZ
NAME N5. HAME TYPE TCRCE FL"RCE FCRCE NOMENT Ntt1ENT HOMENT M/Z Itt/Z

(LBI (LB) (LB) (L8.FT) ( LS.FT l (LB.FT) (PSI) IPSI)

RtN1
1H SON 2 ANTT 44669.62 74114.06 132468.37 535658.87 1039379.37 591269.94 16079.42 25717.42
1 SGNZ STRP 44 H 9.62 74134.06 132468.37 535658.87 1039879.37 591269.94 16079.42 16079.42
2L A01A STRP 44669.62 74134.06 132468.37 535658.87 517093.12 28M33.94 9787.34 9787.34
tot A01A AteH 44H 9.62 74134.06 132468.37 535658.87 517093.12 286633.94 9787.34 9787.34
2R A01A SELB 43933.34 129507.19 72869.87 535658.87 286634.06 b17093.12 9787.34 19220.40
3L A018 SELB 129507.19 43933.34 72869.87 4 M 70.61 414491.25 297315.75 6283.80 12340.14
3H A018 ANBH 129507.19 43933.34 72869.87 46470.61 414491.25 297315.75 6283.80 6283.80
3R A010 STRP 116153.56 28810.30 71348.81 46470.62 437545.62 231379. % 6098.84 6098.84
GL EMIN STPP ll16153.56 28810.30 71348.81 46470.62 441966.50 446924.19 7732.11 7732.11
4R EHIN STRP 105142.25 12567.79 70130.% 46470.62 4419%.50 446924.19 7732.11 7732.11
SL EHOU STRP 105142.25 12567.79 70130.44 4 M70.62 649210.00 4M 735.69 9825.71 9825.71
SR EHOU STRP 95807.37 21975.39 55867.28 46470.62 649210.00 466735.69 9825.71 9825.71
6L A02A STRP 95807.37 21975.39 55867.28 46470.62 222917.56 405273.44 5702.95 5702.95
6H A02% AMB64 95807.37 21975.39 55867.28 46470.62 222917.56 405273.44 5702.95 5702.95
6R A02A SELS 83998.87 38791.78 45628.75 46470.61 222917.50 405273.44 5702.?5 11199.47
7L A028 SELS 35791.78 83998.87 45628.75 138669.37 160774.50 232030.31 3858.40 7577.12
7H A028 AHBH 38791.78 83998.87 45628.75 138669.37 160774.50 232030.31 3858.40 3858.40
7R A028 STRP 50056.70 61746.40 26952.91 158669.44 160774.50 232030.31 3858.40 3858.40
SL E146 STRP 98469.25 87805.75 45590.95 138H 9.44 525076.87 865389.06 12534.00 12534.00
SR E146 STRP 115689.56 77200.19 39805.48 138669.44 525076.87 865389.06 12534.00 12534.00
9L A03A STRP 115689.56 77200.19 39805.48 138M9.44 180342.94 411113.00 5764.22 5764.22
9H A034 ANH 115689.56 77200.19 39805.48 158669.44 180342.94 411115.00 5764.22 5764.22
9R A03A BELB 129438.12 74657.75 43372.47 138669.37 180342.87 411113.00 5764.22 11319.79
ICL A038 BELS 74657.69 129438.12 43372.47 23605.75 296882.25 215747.44 4511.61 8859.91
10H A038 AHBH 74657.69 129438.12 43372.47 23605.75 296882.25 215747.44 4511.61 4511.61
10R A038 STRP 75727.62 131022.56 44195.91 23605.73 296882.31 215747.44 4511.61 4511.61
11L CHIN STRP 75727.62 131022.56 44195.91 23605.75 340332.81 329484.56 5818.50 5818.50
11R CHIN STRP 76673.56 28947.65 24302.75 23605.75 340337 91 329484.54 5818.50 5018.50
12L CHOU STRP 76673.56 28947.65 24302.73 23605.73 303r~ /5 321605.62 F429.20 5429.20
12R CNOU STRP 79669.56 24207.99 19524.34 23605.73 303C u. 75 321605.62 5429.20 5429.20
13L 005 STRP 90844.87 4 H 07.16 30054.28 23605.73 143582.37 208991.04 3124.14 3124.14
13H 005 AMBH 90844.87 4 M 07.16 30054.C8 23605.75 143582.37 208991.06 3124.14 3124.14
13R 005 STRP 94448.44 50959.82 32599.55 23605.73 143582.37 208991.06 3124.14 3124.14
14L 004 STRP 94448.44 50959.82 32599.55 23605.75 175564.25 259429.12 3853.87 3453.87
14R 004 STRP 97884.37 24844.07 24677.77 23605.75 175804.56 259808.75 3859.36 3859.36
15L RBIN STRP 97834.37 24844.07 24677.77 23605.73 150272.87 126952.19 2430.68 2430.68
ISR R8IN STRP 102576.56 25734.57 25280.85 23605.73 150272.87 126952.19 2430.60 2430.68
16L R800 STRP 102576.56 25734.57 25280.85 23605.73 220817.00 163335.56 3381.97 3381.97
16R RBOU STRP 104329.69 26541.62 25808.50 23605.73 220S17.00 163335.56 3381.97 3381.97
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INPELL CORFt!RAntH PACE 0.9SUPERPIPE VER$10N 22E 05/31/90s SYSTIM: IBM-VM/te/S C- C-92 18s 3:58 -

AB8 COMBUSTION ENGINEERING
SYSTEM 80*
PRELIMINARY MADCTEAM ANALYSIS
DUKE ENGINEERING & SERVICES, INC. '.

LCAD CASE NU. E8 ISAMI). FORCES, Mt21ENTS Ape STRESSES ALONG PIPE RtkG ' CONTO.)

RUN SDP OCP COMP AX1AL Y Z TCRS YY ZZNAME NU. HAME TYPE FORCE FORCE FORCE NOMENT Nt21ENT NOMENT M/Z IWZELB) E LB ) ( LB 3 (LS.FT) (LS.FT 3 (L8.FT3 (PS13 (PSI)

RtN1
iCONTD.)

17L 003 STRP 104329.69 26541.62 25808.50 23605.73 229075.62 168545.94 3501.02 3501.0217H .003 AMBH 104329.69 26541.62 25838.50 23605.73 229075.62 168545.94 3501.02 3501.0217R 003 7,TRP 104683.00 26720.92 25926.94 23605.73 229075.62 168545.94 3501.02 3501.0218L 002 4TRP 104683.00 26720.92 25926.94 23605.73 240302.50 175576.75 3662.57 3662.5718R 002 1TRP 199598.87 69473.87 50665.77 299484.44 979682.06 680325.25 15086.71 15085.71.

19L 001 STRP * 149598.87 69473.87 50665.77 299984.44 930361.44 611233.81 14142.15 14142.1519H 001 AMBH -149598.87 69473.87 50665.77 299484.44 930361.44 611233.81 14142.15 19142.1519R ' 001 STRP 148894.62 69150.62 49778.66 299484.44 930361.44 611233.81 14142.15 14142.1520L A04A STRP 147005.19 61545.00 20267.93 299484.44 250227.94 1529395.00 19363.84 19363.8420H A04A AHBM 147LOS.19 61545.00 20267.93 299484.44 250227.94 1529395.00 19363.84 19363.84ZOR A04A BELS 146574.44 1066M.56 36095.03 299484.44 250227.94 1529395.00 19363.84 38026.7521L A048 SELB 106M4.56 196574.44 36095.03 255096.19 205143.69 895484.81 11696.83 22970.2621H A048 AMBM 1066M.56 146574.44 36095.03 255096.19 205143.69 895484.81 11696.83 11696.8321R A048 STRP 99143.19 139313.31 55257.98 255096.19 205143.69 895484.81 11696.83 11696.8322L A05A STRP 9?143.19 139513.31 55257.98 255096.19 455724.62 502028.37 8867.25 8887.2522H A054 AMBH 99143.19- 159513.31 55257.98 255096.19 455724.62 502028.37 8887.25 8887.2522R A05A BEL 8 92360.56 57618.58 108264.75 2550 % .19 502028.37 455724.62 8887.25 17452.8023L A058 SELS 57622.18 92358.19 1082M.75 905898.56 469761.12 478516.62 13827.01 27153.5023M A058 AMpt 57622.18 92358.19 108264.75 905898.56 469761.12 478516.62 13827.01 13827.0123R A054 STRP 58050.25 87582.31 91325.44 905975.37 469570.00 478516.62 13826.79 13826.7924L A801 STRP 58050.25 87582.31 91325.44 905975.37 571269.56 472566.75 14361.75 14361.7524R ABol STRP 57653.28 78754.56 66925.94 85c491.62 571377.31 473729.50 13922.43 13922.4325L AB02 STRP 57653.28 78754.56 66925.94 850491.62 742134.81 495749.69 15192.24 15192.2425R ABD2 STRP 58655.87 65188.19 55257.42 812675.87 742101.94 498049.19 14819.48 14819.4826L A803 STRP 54655.87 65188.19 55257.42 812675.87 832205.50 545253.94 15760.02 15760.0226R A803 STRP 609M.43 50184.79 52210.74 768836.37 832172.94 547937.56 15439.46 15439.4427L A804 STRP 60964.43 50184.79 52210.74 768836.37 846802.81 618999.44 15954.76 15954.7627R A804 STRP 64055.79 37932.27 48474.59 727501.37 8%770.94 621279.37 15673.64 15673.6428L A805 STRP, 64055.79 37932.27 48474.54 727501.37 791922.9% 654902.75 15472.07 15472.0728R 'A805 STRP 69962.44 42800.68 66002.62 689198.9% 791976.62 659448.62 15209.84 15209.8429L 10 STRP 75920.87 47392.09 92244.56 669198.94 1067515.00 567479.87 17072.45 17072.4529H 10 ANTT 75970.87 47392.09 92244.56 689198.94 1067515.00 567479.87 17072.45 27305.6629R 10 VALV 7985v.94 49590.24 100091.12 689088.62 1067597.00 547479.87 WA30 MSIV VALV 79856.94 49590.24 200091.12 689088.62 1499176.00 636229.87 WA31L 11 VALY 128297.06 154130.19 199335.44 614457.44 1859848.00 517460.00 N/A314 11 ANTT 128297.06 154130.19 199335.44 614457.44 1859848.00 517460.00 24854.02 39751.5131R 11 STRP 130856.94 159373.00 204249.19 614457.44 1859848.00 517460.00 24854.02 24854.0232 FCVH STRP 130856.94 159373.00 204249.19 614457.44 2894341.00 1516481.00 40789.05 40789.05
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E]1QTDOWN COOLING lit 1E
j

i PRELIMINARY ROUTING AND LQADS ANALYSIS
I
;

j Purpose

| This appendix reports the results of a preliminary stress analysis
i of a System 80+ Shutdown cooling line in the Reactor Building to
i provide applicable forces and moments for the Leak-Before-Break
| (LBB) evaluation. The piping included in the model is represented
i in the isometric sketch that follows. The analysis model

originates at the hot leg nozzlo and terminates at the Reactor
Building penetration. Anchors are modelled at these locations.

..

The model also includes additional piping for the relief valvei'
discharge to the holdup volume. All applicable design conditions,

'

loadings, codes, and regulatory requirements are defined in the
j System 80+ Certification Program Draf t Distribution Systems-Design
; Guide, Reference 2.
4

| The types of analysis results required for the LBB evaluation are
shown on- the following page. Other results _ in- - the detailed4

'

analysis include pipe displacements, stresses, support / restraint
loads, and nozzle loads (anchor loads). Since the analysis is

i preliminary and design information is not available for allowable
i nozzle or penetration loads, it is not within the scope of the
3 calculation to evaluate those loads.
i

! A code compliance check is performed to verify that pipe stresses
are within the ASME allowables for the pipe as modelled. As,

{ additional design information becomes availabic, it will be
included in a final analysis,

i

! Method
1

: The piping is modelled as a three dimensional framework for
; analysis. Static analysis is performed by the -Direct Stiffness
; Method and a simple Lumped Mass Idealization is used to determine
; modo shapes and frequencies for the dynamic analysis. This piping

is analyzed using the SUPERPIPE computer program.

$

f

4

2

4

i
_._ . _ . _ ~ . , , _ , - , -. . - _ . . . , , . . --- . , . . . . . , _ . _ . ,,,
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I

i

;

i

j References and Desion Inputs
i

[ 1. ASME Boiler and Pressure Vessel Code Sectlon III, 1989.
:

2. Draft Distribution Systems Design Guide.

3. ABB-CE Letter dated 4/21/92 to R.W. Bonsall enclosing
i Preliminary Thermal Movements and SSE Seismic Anchor
{ Movements.
,

1 4. ABB-Impell memo dated 5/21/92 to ABB-CE, Attnt- R.A.
|. Matzie enclosing System 80+ N-411 Spectra and SAM.
:-
| S. System 80+ Shutdown Cooling System Piping and
j Instrumentation Diagram.

.

,

) 6. System 80+ Nuclear Island Detailed Arrangement Drawings.
:

| Results

; Forces and noments results for the load cases listed below are
; provided for the Leak-Before-Break evaluation shown in Appendix I.
4

: __ 1. Gravity - Fluid-filled for Hydrostatic Testing
2. Thermal Expansion

i
; 3. Gravity + Thermal (Normal Operation)

) 4. Seismic Inertia - SSE
|

} S. Seismic Anchor Movement - SSE
<

6. Seismic Inertia + Seismic Anchor-Movement
!
?

!

4

:

;

1
i

i

1

,

!
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- IMPELL CORPORATION - . PLCE 74
' - SUPERPIPE VERSION 22E 05/31/90s SYSTEM: IBM-VM/tTVS 8-24-92 9:39:32

ADVANCED LIGHT MATER REACTOR *** X1 Z StA.A X SNUB AT XOSB
OPTIONAL R0lfTING 7 FROM DESI
16" $HLJTDON COOLING LINE -

" STATIC ANALYSIS NO. 1 (CRW), FORCES AFD NONENTS IN LOCAL CCORDINATES-

RUN $0P DCP AXIAL Y Z XX YV ZZ
GROUP. NHS ttANE FORCE FORCE FORCE t10NENT NONENT PRTENT

ILS) t LB l . ELB) ELB.FTI fLB.FT) ELB.FTl

RUN1-
.1 1 -5092.86 11.19 -30.01 -530.91 -15165.10 5932.72
2 2 -5092.e5 11.19 -30.01 -530.91 -15225.12 5910.35
3 2A -4676.64 11.19 -30.01 -530.91 -15265.13 5895.43
4L A01A -4591.96 11.19 -30.01 -530.91 -15273.1* 5892.40
4R AGIA -4591.96 20.40 24.69 -530.91 2533.63 -16173.25
5 -2914.63. -2885.77 24.69 .-2181.42 1451.06 -13554.27
6L A01B -20.40 .-3611.03 24.69 -2583.02 -481.52 -8011.05
6R A018 -20.40 3611.03 -24.69 -2583.02 481.52 8011.05
7 -20.40 3076.29 -24.69 -2583.02 439.23 2284.61
8 -20.40, 2541.53 -24.69 -2583.02 396.94 -2526.03
9 -20.40' 2006.78 -24.69 -2583.02 354.65 -6420.83

10L .. A1A -20.40 1472.03' -74.69 -2583.02 312.36 -9399.81
10R A1A -20.40 -24.69 -1472.03 -2583.02 -9399.81 -312.36
II -5.32 -31.59 -1145.06 2769.78 -10740.52 -282.20
12L Aid 11.19. -30.01 -818.08 7994.04 -8920.15 -249.19
12R A1B- 11.19 818.08 -30.01 79 % .04 249.19' -8920.14-
13 11.19 232.80 -30.01 7994.04 192.93 -9905.06
14 11.19- -352.48 -30.01 7994.04 136.67 -9792.89'

15 11.19 -937.76 -30.01 7994.04 80.41 -8583.62
16 11.19 -1523.05 -30.01. 7994.04 24.15 -6277.26

.

17 11.19 -2108.33- -30.01 7994.04 -32.11 -2873.81
18 11.19 ~2693.61.. -30.01 7994.04 -88.37 1626.74

-19L X01A '11.19. -3278.90 - -30.01 7994.04 -144.63 7224.42
19R X01A 11.19 -30.01 -4040.84- 7994.03 7224.43 144.63
20 29.13 -13.31 -3550.38 2623.96 5393.27 180.52
23L XO1B 30.01 11.19 -3059.91 -123.67 893.28 182.29
21R XO1B 30.01- 3057.91 11.19 -123.67 -182.29 893.28
22 - 30.01 -248t..ro 11.19 -123.67- .-161.54 -4244.98
23 30.01 1901.67 11.19 -123.67- -140.79 -8309.16
24 30.01 1322.55 11.19 -123.67 -120.05 -11299.21
25 30.01 - 743.43 11.19 -123.67 -99.30 -13215.14
26 30.01, 164.30 11.19 -125.67 -78.56 -14056.95
27 30.01 -414.82 11.19 -123.67 -57.81 -13824.62
28 30.01- -993.94 11.19 -123.67 -37.06 -12518.18

1- 29 - ~ 30.01- -1573.07 11.19 -123.67 -16.32 -10137.60
30L X02A 30.01 -2152.19 11.19 -123.67 4.43 -6682.88

-30R X02A 30.01 .-11.19 -2152.19 -123.67 6682.88 4.43
31 29.13 13.31 -2642.66 -3264.92 .1247.59 2.67
32L XO2B 11.19- 30.01 -3133.12 -1397.57 -5408.98 -33.23
32R XCZB .11.19 -3133.12 -30.01 -1397.56- -33.23 5408.98
33L X1 11.19 -3445.36 -30.01 -1397.56 -63.24 8698.22

.

.

4

l

_ - - - - - - - _ _ - - _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ , _ - _
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P*.GE 75
IMPFLL CORPORATION 8-24-92 9:39:32
SUPERPIPE VERSION ZEE C5/31/90s SYSTEM: IBM-VM/MVS

ADVANCED LIGHT HATER REACTCR *** X1 Z SNUS, X STAS AT XO58
CPTIONAL RolfrING 7 FROM DESI
16" SWJTDOH4 COULING LINE4

" STATIC WALYSIS 70. 1 EGRAV), FORCES AND MONENTS IN LOCAL COURDINATES ICCt#D. )-

RLt4 SOP' DCP AXIAL Y Z XX YY ZZ

GROUP MMB NAME- FORCE FORCE FORCE HOMENT P10 MENT NOMENT
iLB8 I LB ) fLBI ILB.FTI ILB.FT) ILB.FT) t

RUH1
1CONTD.I

33R X1 11.19 3632.21 -30.01 -1397.56 -63.24 8498.22

34L XO3A 11.19 3319.97 -30.01 -1397.56 -*3.25 5222.13
t

34R XO3A. 11.19 30.01 3319.97 -1397.56 -5222.13 -93.25

35 -13.31 29.13 2829.51 1046.89 -332.49 -142.25

36L XO3B -30.01 11.19 2339.05 -436.89 4261.46 -175.65

36R XO3B -30.01 2339.05 -11.19 -434.89 -175.65 -4261.46

37L XXI -30.01 2182.93 -11.19 -43*.89 -181.25 -5391.95

37R XXI -30.01 2182.93 13.39 -436.89 -181.25 -5391.95

38 -30.01 1621.15 13.39 -436.89 -157.15 -8814.06

39 -30.01 1059.38 13.39 -43A.89 -133.06 -11225.45

40 -30.01 497.60 13.39 -436.89 -108.06 -12626.10
41 -30.01 -64.18 13.39 -436.89 -84.87 -13016.01

42 -30.01 -625.95 13.39 -436.89 -60.77 -12395.17 i

43 -30.01 -1187.73 13.39 -436.89 -36.68 -10763.59-.

44 -30.01 -1749.51 13.39 -436.89 -12.58 -8121.27

j 45 -30.01 -2311.28 13.39 -436.89 11.51 -4468.21
-436.8* 35.61 195.62'46L XO4A -30.01 -2873.06 13.39
' -436.89 195.62 -35.61a

46R XO4A -30.01 13.39 2873.06
47 .-30.69 -11.75 3363.53 -2417.56 4239.33 -36.96

48R X048 -13.39 -3853.99 -30.01 ~
-6922.67 6290.16 -2.3648L XO48 -13.39 -30.01 3853.9*
-6922.67 2.36 6290.16

4*L X2 -13.39 -4192.24 -30.01 -6922.67 -30.15 10648.40 !

49R X2 . -13.39 4282.03 -30.01 -6922.67 -30.15 10648.40
SOL XDEA -13.39 3*43.75 -30.01 -6922.67 -62.67 61?Z.49

SOR XD: L: -13.39 30.01 3943.75 -6922.67 -6192.50 -62.67

51 -30.69 11.75 3453.28. -2539.20 -4043.34 -97.27
52L XO58 -30.01 -13.39 2*62.82 -714.07 -16.10 -93.91

52R XOSB -30.01 2962.82 13.39 -714.07 -*S.91 16.10

53L' 3 -30.01 2709.12 13.39 -714.07 -85.03 -2288.12

53R 3 -30.01 1959.13 13.39 -714.07 -85.03 -2288.12

54L 4 -30.01 1781.93 13.39 -714.07 -58.25 -6029.17
i

-30.01 -718.07 13.39 -714.07 -58.25 -6029.17 '

54R 4 ~
-30.01 -895.27 13.39 -714.07 -31.46- -4415.83SSL 5

SSR 5 -30.01 -1645.27 13.39 -714.07 -31.46 -4415.83 I

56L A04A -30.01 -1978.37 13.39 -714.07 -17.18 -2482.*4 i
562 A04A -30.01 13.39 1978.37' -714.07 -2482.** 17.18

57 -32.20 -6.60 2366.66 -20.03 96.71 12.81-
-

,

58L A043 -22.33 -24.12 2754.94 -1090.20 3007.83 32.54 !

58R A048 -22.33 3510.08 23.87 -1090.21 -32.54 3007.83
$9L 6 -22.33 3176.?8 23.87 -1090.21 -7.06 -559.12

.
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PAGE 76
:IMPELL CCRPCRATICN 8-24-92 9:39:32
5UPEKPIPE VERSION 22E 45/31/905- SYSTEM: IBM-VM/MVS

ADVANCE 0 LIGHT HATER RE ACTCR *** XI Z SNUB.3 SNUD AT XO53
CPTIONAL ROUTIts 7 FROM DESI
16" SHUTOCbei CDCLIfG LINE

' STATIC' ANALYSIS tc. 1 IGRAY1. FCRCES AND N0HENTS IN LOCAL COURDINATES f CONTD. I

Rt24 SCP OCP AXIAL Y Z XX YY ZZ
GRCUP MMB NAME FORCE FURCE FCRCE NOMENT NOMEtiT HOMENT

(L81 (LB) ( LS I (LB.FT) E LB.FT l ( LS.F T l

KUN1
' '(CCMTO.I

59R 6 -22.33 2426.98 23.87 -1090.21 -7.08 -559.12
i

; 60L 7 -22.33 2249.78 27.87 .-1000.21 40.65 -5235.88

60R 7 -22.33 -250.22 23.87 ~-1090.21 40.65 -5235.88

61 8 -22.33 ~427.42 23.87 -1090.21 88.39 -4558.25

Rth!2
62 8 -22.33 -1177.42 23.87 -1090.21 88.39 -4558.25
63 -22.33 -1579.91 23.87 -1090.21 119.16 -2781.09

64 9 -22.33 -1982.40 23.87 -1090.21 149.92 -485.09

65 -22.33 -2606.88 23.87 -1090.21 197.66 4104.18

66L. 10 -22.33 -3231.35 23.87 -1090.21 245.39 9942.42

3 66R 10 -22.33 4774.45 23.87 -10*0.21 245.39 9942.42

,
67 -22.33 4461.40 23.87 -1090.21 269.32 5312.49

! 68 8A -22.33 4148.35 23.87 -1090.21 293.25 996.41
j 69L. 88 -22.33 3836.11 23.87 -1090.21 317.12 -2995.82

-1090.21 317.12 -2995.82 BRANCH AXES
l ' ..
4 69R 88 -55.87 1595.99 18.85 302.06 -217.63 -479.53

-302.06 217.63 479.53 BRANCH AXES

| 70 BC -55.87 1283.75. 18.85 302.06 -198.78 -1919.40
71 -55.87 676.51 18.85 302.06 -162.13 -1825.55

1 72 -55.87 69.27 18.85 302.06 -125.47 -4550.74
73 -55.87 -537.97 18.85 302.06 -88.82 -4094.97#

74 -55.87 -1145.22 18.85 302.06 -52.17 -2458.23
;

75 PS -55.87 -1752.46 18.85 302.06 -15.51 359.48
76L P4 -55.87 -1934.59 18.85 302.06 -4.52 1434.81
76R- P4 -55.87 1044.25 1.70 302.06 -4.52 1434.81
77 -55.87 530.81 1.70 302.06- -1.48 22.18

a

78 -55.87 17.36 1.70 302.06 1.57 -469.46

.
79 -55.87 -496.08 1.70 302.06 4.61 -40.10

! 80' -55.87 -1009.53 1.70 302.06 7.65 1310.25
81 P3 -55.87 -1522.97 1.70 302.06 10.69 3581.61
82L P2 -55.87 -1737.65 1.70 302.06 11.97 4804.34
82R P2 0.00 214.68 0.00 0.00 0.00 80.50
83 P1 0.00 0.00 0.00 0.00 0.00 0.00

-RUN3 .

2240.12 . 30.14 -15.53 534.75 -509.54 2830.2784 88
1392.26 -534.75 2516.2S BRANCH AXIS

, 85 11 2108.26 30.14- -15.53 534.75 -523.95 2802.33
'- 86 1853.9) 30.14 -15.53 534.75 -551.72 2748.43

!

t

1

'
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PAGE 77
IMPELL CORPORATION

| SUPEUIPE 'YERSION 22E 05/31/905 SYSTEM: IBM-VM/MVS
S-24-92 9:39:32

ADVANCED LIGHT MATER REACTOR *** X1 Z SIAJB, X $ NUB AT XOSB
OPT 134AL ROUTING 7 FROM DESI
16" $HUTDopf4 COULING LINE

STATIC. A.NALYSIS PFJ. 1 (GRAV), FORCES AND HOMENTS IN LOCAL COURDINATES SCO(TD.B
,

CROUP . SCP = DCP
AXIAL Y Z XX YY Z2

OUN
Pf48 NAME F0RCIE FORCE FORCE MOMENT NOMEN 7 NCHENTi

(LB) (LB) (LBf ( LB.FT P (LB.F7) t LB.Fil

RUN3
(CONTD.)

87 1599.60 30.14 -15.53 534.75 -579.50 2694.53
88 12 1345.26 30.14 -15.53 534.75 -607.28 2640.63

80L 13 1307.16 30.14 -15.53 '534.75 -622.82 2610.48

89R 13 -33.54 1107.16- -5.02 1428.87 534.75 2271.75 ,

90 14 -33.54 1069.06 -5.02 1428.87 529.73 1183.64
91 -33.54 807.01 -5.02 1428.87 520.48 -544.64

92 -33.54 544.96 -5.02 1428.87 511.23 -1790.11

93 -33.54 282.91 -5.02 1428.87 501.*8 -2552.77

94 -33.54 20.86- -5.02 1428.87 492.72 -2832.61
95 -33.54- -241.19 -5.02 1428.87 483.47 -2629.63

96 -33.54 -503.25 -5.02 1428.87 474.22 -1943.83
97 -33.54 -765.30 -5.02 1428.87 464.97 -775.21

?8 -33.54 -1027.35 -5.02 1428.87 455.72 876.22
99L 801A -33.54 -1289.40 -5.02 1428.87 446.47 3010.49 1

99R Bo?A. -33.54 -5.02 -1652.42 1428.87 3010.50 -446.47

100L B012 -10.33 -32.30 -1454.61 -985.04 871.39 -417.46

100R B018 -10.33 - '1454.61 -32.30 -?85.04- 417.46 871.39
101 .-10.33 1193.54 -32.30 -985.04 358.17 -1559.C5

102 -10.33 932.46 -32.30 -985.04 298.89 -3510.28 ;

103 -10.33 671.39 -32.30 -965.04 239.60 -4982.29 ,
,

,

104 -10.33 410.31 -32.30 -985.04 180.31 -5?75.C6
-10.33 149.24 -32.30 -985.04 121.03 -64SS.62 -

| 105
' -10.33 -111.84 -32.30 -985.04 61.74 -6522.94106

108 -10.33
' -372.91 -32.30 -985.04 2.45 -6078.04107 -10.33
-633.99 -32.30 -*85.04 -56.83 .-5153.91

109 -10.33 -895.06 -32.30 -985.04 -116.12 -3750.56

110 -10.33' -1156.14 -32.30 -985.04 -175.41 -1867.97,

lill B02A -10.33 -1417.21 -32.30 -985.04 -234.69 /*3.86

111R 602A -10.33 32.30 96.15 -985.04 -493.86 -254.694

112L B028 -32.30 -10.33 -183.12 548.22 . -1039.40 -262.16

122R Bora -32.30 -183.12 10.33 548.22 -262.16 1039.40
-467.53 10.33 548.22 -241.50 1690.09113 -32.30

' -752.04 10.33' 548.22 -220.84 2909.71-32.30114L 803A-
"-32.30. 3072.43 10.33 548.22 -220.64 2909.71114R B03A

115L B038 -2793.16 -32.30 10.33 207.93 561.13 -715.91
# 115R B038 -2793.16 30.14- 15.53 207.*2 -903.01 109.45

116 -2522.53 30.14 15.53' 207.92 -873.45 52.10

117 -2251.90 30.14 - 15.53 '207.92 -843.89 -5.26

118 -1981.27 30.14 15.53 207.92 -814.33 -42.61

119 -1710.64 30.14 15.53 207.92 -784.77 -119.97.

.
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PAGE 78?IMPELL CURPURATION -

SUPERPIPE VERSIO4 22E 05/31/90s SYSTEti: IBri-N., 8-24-92 9:39:32

ADVANCE 0 LIGHT HATER REACTUR *** X1 Z StAJB, X St4UB AT XOSB
CP710tML ROlJTitC 7 FRCM DESI
16'' SHtJTD0rf4 COOL 194G LINE

,

STATIC ANALYSIS tc. ;1 (CRAV), FCRCES AND F10MDRS IN LCCAL COUROINATES (CONTD. )
,

~RUN SDP DCP AXIAL Y Z XX YY ZZ
GROUP P1MB NAME FORTE FORCE FCRCE t90 MENT P10MDIT t1DMENT

.

ELB) E LB ) ELBI ILB.FTl (LB.FT) (LB.FTI

C@!3
(CONTD.7

120 -1440.01 30.14 15.53 207.92 -755.21 -177.32
121L 14S -1169.37 30.14 15.53 207.92 -725.65 -234.68
121R 143 ~ -1169.37 30.14 1.81 :207.92 -725.65 -234.68
122 -1009.36 30.14 1.81 207.92 -723.62 -268.59
123L B04A -849.36 30.14 1.81 207.92 -721.58 -302.50
123R B04A -849.36 22.59 -20.03 :207.93 -724.13 296.34

-

' I

' 570.09 -20.03 749.18 182.68 1155.25! 124L 8048 -22.59 -

U '124R 8048 --22.59 570.09 20.03 749.18 - -182.88 -1155.25
125 -22.59 287.32 20.03 749.18 -143.05 -2007.56
126 -22.59 4.56 20.03 749.18 -103.22 -2297.70

| 127 -22.59 -278.21 20.03 749.18 -63.39 -2025.67
128 -22.59 -560.98 20.03 749.18 -23.56 -1191.48
12*L BOSA -22.59 -843.75- 20.03 749.18 16.26 204.90
129R 805A -22.59 20.03 843.75 749.18 204.90 -16.26
130L 8058 -30.14 -1.81 983.38 50.39 1482.12 -25.70

!

130R DOSS -30.14 -983.38 -1.81 50.39 25.70 1482.12
131L 155 -30.14 -1194.20 -1.81 50.39 23.C2 3095.96 [

r

.131R ISS -30.14 730.98 -1.31 5G.39 23.02 3095.96
i

:132 -30.14- 459.14 -1.81 50.39 19.56 1958.96
.133 -30.14 187.49 -1.81 50.39 16.10 1341.15
134 -30.14 -84.25 -1.81. 50.39 12.64 1242.51 !

'135 -30.14 -355.99 -1.81 50.39 9.18 1663.07
L

136 -30.14 .-627.73 -1.81 50.39 5.72 2602.80
137L B06A -30.14 -899.47 -1.81 50.39 2.26 4061.73

i
137R B06A -30.15 4060.1? -1.81 50.39 2.26 4061.73

,

138L B068 -3780.93 -30.14 -1.81 0.00 48.13 -801.29 |

!
138R B069 -3780.93 .30.14 1.81 0.00 -48.13 801.29

- !
'

139 -3510.86 30.14 1.81 0.00 -44.69 744.06 '

140 -3240.8C 30.14 1.81 0.00 -41.25 686.82
141 -2970.73 30.14 - 1.81 0.00 -37.81 629.59
142 -2700.67 30.14 1.81 0.00 -34.38 572.35
143 -2430.60 30.14- 1.81 0.00 -30.94 515.12

-

,

''4 .-2160.53 30.14 1.81 0.00 -27.50 457.88 '

$.4 -1890.47 30.14 1.81 0.C3 -24.06 400.65
-

'146 - -1620.40 30.14 1.81 0.00 - -20.63 343.41
147 -1350.33 30.14- 1.81 0.00 -17.19 286.18
148 -1080.27 30.14 1.81 0.00 -13.75 228.94
149 -810.20 30.14 1.81 0.00 -10.31 171.71
150-- -540.14 -30.14 1.81 0.00 -6.88 114.47

I
151- -270.07 ' 30.14 1.81 . 0.00 -3.44 57.24

i

*
.

A

*

I
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PACE 524
It9 ELL CCRPCRA7ICtf
SUPEt. PIPE VERSICN 22E C5/31/90s SYSTEM: IBM-VttWS 8-24-92 9:39:32

ADVANCED LICHT HA7ER REACTOR *** XI Z StJUD, X StAJB AT X053
CPTIONAL ROU71tC 7 FRUM DESI
16" SHUTDOW4 COULIfG LINE

Z-
LCAD CASE tc. W tTHMP), FURCES AFC MOMENTS IN LOCAL CCURDINA7ES

FAN Sc? DCP AX1AL Y Z XX YY ZZ
GROUP NMB NAME FCRCE FCRCE FCRCE t10HE tR ttJMEtX HONENT

( LB I 418) ( LB ) ILB.FT) I LS. FT ) (LS.F72

Rti,?1
1 1 846.39 13783.31 4562.01 64977.12 31235.66 72969.37
2 2 846.39 13783.31 4562.01 64977.12 21842.51 41826.34
3 ZA 846.39 13783.31 4562.01 64977.12 15581.97 21069.47
4L A01A 846.39 13783.31 4562.01 64977.12 14308.26 19679.24
4R 401A 846.40 534.57 12927.74 64977.08 0.00 6055.17
5 8265.25 0.00 12927.74 49385.28 51542.95 9664.56
6L A01B 10842.45 846.39 12927.74 5892.02 86793.94 12970.29
6R A018 10842.45 785.84 0.00 58*2.04 43207.20 10127.83
7 10842.45 785.84 0.00 5892.04 26987.59 8791.48
8 10842.45 785.84 0.00 5892.04 17828.32 7455.13
9 10842.45 785.84 0.00 5892.04 8669.00 6118.78
10L A1A 10842.45 785.84 0.00 5S92.04 0.00 4782.42
10R AIA 10842.45 0.00 846.39 5892.04 4782.43 161522.62
11 14217.70 0.00 846.39 2920.51 6307.43 169148.87
12L A1B 13783.31 4562.01 846.39 1039.10' 6142.37 168167.44
12R A1B 13783.31 785.84 4562.01 1039.11 0.00 6142.37
13 13783.31 785.84 4562.01 1039.11 0.00 4679.74
14 - 13783.31 785.84 4562.01 1039.11 0.00 3217.12
15 13783.31 785.e4 4562.01 1039.11 0.00 1754.48
16 13783.31 785.84 4562.01 1039.11 0.00 291.86

17 13783.31 785.84 4562.01 1039.11 0.00 552.88

18 13783.31 785.84 4562.01 1039.11 0.00 2345.25
19L X01A 13783.31 785.84 4562.01 1039.11 0.00 4137.64
19R X01A 13783.30 4562.02 181.80 103?.10 4137.64 132718.12
20 11810.27 12972.10 181.80 2496.36 3145.23 131225.56
21L X018 4198.71 13783.31 181.80 3735.01 875.26 114838.56
21R XolB 4198.71 148.35 13783.31 3735.02 0.00 875.26
22 4198.70 148.35 13783.31 3735.02 0.00 723.31
23 4198.70 148.35 13783.31 3735.02 '947.30 615.24
24 4198.70 148.35 13783.31 3735.02 27552.61 950.04
25 4198.70 148.35 13783.31 3735.02 56433.89 1284.85
26 4198.70 148.35 13783.51 3735.02 85315.12 1619.66
27 4198.70 148.35 13783.31 3735.02 1141*6.31 1954.46
28 4198.70 148.35 13783.31 3735.02 143077.56 2289.27
29 4198.70 148.35 13783.31 3735.02 171958.87 2624.08
SOL X02A 4196.71 149.35 13783.31 3735.02 200840.37 2958.89
30R XOZA 4198.71 0.00 148.35 3735.02 2487.29 200840.37
31 11810.27 0.00 148.35 4839.05 293.52 225860.87
32L X028 13783.30 4198.70 148.35 3319.92 3373.98 242271.15

-.

__
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PACE 525
INFELL CCRPCRATION
SUPG#IPE VERSION 22E OV31/905 SYSTEt1: IBt1WPVITVS 0-24-*2 9:39:32

ADVAt4CED LIGHT HATER REACTCR p * XI Z $NUD, X St4JB AT XO5B
CPTICNAL ROUTIts 7 FROM DESI
16" SHUTDOHN C011tG LINE

1
LCAD CA0E (C. M (THMP h FCRCES AND F10HEtn3 IN LOCAL CCORDINATES (CONTD. 8

RUN LOP OCP AXIAL Y Z XX YY ZZ
GROUP tit 1B NAFTE FORCE FORCE FCRCE F10 MENT F10 MENT MCMENT

E LB ) t LB ) (LB3 ( LB.F T ) ( LB.FT B (LB.FT)

RUN1
(CONTD.)

32R X028 13783.31 148.35 4562.01 3319.92 242291.25 3467.25
33L X1 13783.31 148.35 4562.01 3319.92 247445.12 3299.65

33R X1 13783.31 177.75 4562.01 3319.92 247445.12 3299.65

34L XO3A 13783.31 177.75 4562.01 3319.92 252599.00 30*8.84

34R XC3A 13783.31 4198.71 177.75 3319.91 2961.74 252599.00
35 12972.10 11810.27 177.75 389.02 4114.08 250766.06
36L X038 4562.02 13783.30 177.75 2697.22 2856.45 231763.69
34R XO3B 4562.01 177.75 0.00 2697.22 231763.69 2420.87
37L XXI 4562.01 177.75 0.00 2697.22 223977.94 2320.46
37R XXI 4562.01 177.75 726.60 2697.22 223977.94 2320.46
38 4562.01 177.75 726.60 2697.22 197276.*4 1959.17
39 4562.01 1 77.75 726.60 2697.22 170575.81 1597.87
40 4542.01 177.75 726.60 2697.22 143874.69 1236.58

41 4562.01 177.75 726.60 2697.22 117173.50 875.28
42 4562.01 177.75 726.60 2697.22 90472.37 513.99
43 4562.01 177.75 726.60 2697.22 63771.27 152.6*
44 4562.01 177.75 726.60 2697.22 37070.13 177.04
45 4562.01 177.75 726.60 2697.22 30520.27 594.87
46L XO4A 4562.01 177.75 726.60 2697.22 25416.81 1011.81

46R XO4A 4562.02 726.59 233.38 26*7.22 1011.80 16332.29
47 12514.63 0.00 233.38 2683.31 964.78 34301.01
48L X048 13136.35 4562.00 233.38 1332.82 2295.60 35705.79
48R X048 13136.34 177.75 4562.01 1332.82 11256.39 22?S.60
49L X2 13136.34 177.75 4562.01 1332.82 6659.20 2078.06

49R X2 13136.34 227.38 4562.01 1332.82 6659.20 2078.06

SOL XOSA 13136.34 227.38 4562.01 1332.82 3028.57 1884.34
SOR XO5A 13136.35 4198.71 227.38 1332.82 1958.79 3028.57
51 12514.63 6062.96 227.38 2170.13 570.37 0.00
52L X058 4562.02 13136.34 227.38 1548.34 16*0.43 0.00
52R XO58 4562.01 227.38 726.60 1548.34 0.00 1152.17
53 3 4562.01 227.38 726.60 1548.34 0.00 1020.91
54 4 4562.01 227.18 726.60 1548.34 233.18 697.81
55 5 4562.01 227.38 726.60 1548.34 1676.10 374.70
56L A044 4562.01 227.38 726.60 1548.34 2445.77 202.36
56R A04A 4562.02 726.60 62.92 1548.34 202.36 131165.31
57 11359.85 0.00 62.92 2904.90 654.00 146524.87
58L A048 13905.61 646.90 62.92 3329.62 1459.28 152277.00
58R AD4B 13905.61 143.05 7146.79 3329.62 0.00 1959.28

,
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PAGE 92P
2MPELL CCRPCR1710N g-g4. C 9:19432
OUPERPIPC VERSION 82E 05/32/90s ' CYSTEN: IBH4WMVS

ADVANCED LICM7 HiTER REACTCR *** X1 Z. StJUB, X StauD AT XO58
CPTICtlAL ROUTitG 7 FRG1 DESI
16" SHUTDOHN CCClltG LINE

Z.
LCAO CASE PC. N (THMP), 7CRCES Arc HOMENTG IN LCCAL COURO1MA7ES (CONTD. i

RL94 SCP DCP AX1AL Y Z XX YY Z2

GRCUP t1MS NAME FORC'i FCRCE FORCE tetENT *T'ME NT t*0HENT
( LB ; ELBt ( LB ) ILS.FT) tLS.FTI ( LS.F T )

<

|

I
R*943

ICONTD.I
86 887.41 C7.70 11.48 3022.03 5658.58 5054.62

87 887.41 47.73 11.68 3022.03 E264.04 7173.89

88 12 887.41 97.70 31.48 3022.D% +969.S1 92fi.18

89L 13 287.61 97.70 11.48 3022.03 4648.A7 19478.32
892 13 984 A6 887 41 4t.27 154.34 3022.ti3 11elfa.57
*C 14 984.8 5 887.41 4i.27 154.3% 2432.15 1C468.89

91 984.46 ' E87.41 42.77 154.34 1345.34 8722.83

92 984.46 887.41 ' 42. 2 ' 154.34 -389.19 6976.76

93 984.46 687.41 42.27 154.34 254.21 5230.70

94 984.56 887.41 42.27 154.34 331.55 3484.63

95 484.46 887.41 42.27 154.34 6C8.87 1738.54

96 ?84.46 887.41 42.27 154.34 436.20 12.67

97 984.46 807.41 42.27 156.34 563.53 153.21

98 984.46 887.41 42.27 154.34 640.87 301.13

89L BCIA 984.46 887.41 42.27 254.34 718.20 449.06

v9R B01A 984.46 ^2.27 588.89 aS4,34 44*.04 7349.22

100L 801B 930.81 638.63 588.89 5808.99 276.74 7277.61

106el 6013 950,81 54.17 638.63- 3808.99 703.77 276.74

101 930.81 E4.17' 638.63 380s.99 s92.64 178.01

102 930.81 54,17 6 8.63 3808.99 481.52 86.15

103 930.81 54.17 638.63 3SD8.99 370.40 920.69

104 930.81 54.17 638.63 38G8.09 259.27 2075.08

105 930.81 54.17 638.63 3838M? 221.11 3229.47

106 930.81 54.17 638.63 3eca.*9 624.ca 4383.86

107 930.81 54.12 IC.63 3808.99 1485. 4 5538.25

108 930.81 54.17 638.63 38C3.99 2737.56 6692.64

109 930.51 - 54.17 638.63 3808.99 3989.46 7847.03

I. 110 9m81 54.17 tid .M 3808.?9 5241.35 *001.41

| lill BotA 930.81 5 % 17 638.63. 3808.99 6493.26 10195.82

111R B02A 930.51 60.97 469.44 3889.00 809.28 6493.26

112L B028 638.63 930.81 469.44 9529.16 4435.65 6103.r!

! 112R B028 638.63 469.44 77.20 9529.15 6103.23 348.20

| 113 638.63 469.44 77.28 9529.15 4115.16 430.1*

i 114L Et3A 638.63 469,% 77.20 9329.15 2127.30 544.43

! 11GR B03A 638.63 ?SS.77 77.20 9529.?S 2127.80 544.43

115L B03B 2111270 s38.63 77.20 96.02 8286.61 505.85

115R sca 2111.70 97.70 206.60 96.02 718.22 218.35

|_
116 2111.74 97.70 206.63 *6.02 6*6.34 33.7A

i ..

.
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FACE $28
IMPELL CORPCR*.TitPS 8-24-92 9:39:32
5UPELPIPE VERSION 22E C5/31/90$ SYSTEH. IBP*-VWifVS

ADVANCED 8.1CHT MATW REACTUEI *** XI Z C'4A X SNUB A7 X058
,

'

09TIONAL ROUTING 7 FROM CESI
16* SHUTDG44 COULING LINE

2.
LCAD CASE tc. De ETHMP3, FcRcES AND ticMENTS IN LOCAL CCtfRUINATES (CONTD. ) ,

F&4 SCP OCP AX1AL Y Z XX YY 72

CROUP NMB NAME FORCE FCRCE FURCE NOMENT ticMENT totEtti

( LB I (LBI (LB3 tLB.FT> (LB.FTI ( LB .FT P

RtRt3
(20NTD.1

117 2111.70 97.76 206.60 96.02 674.85 1814.61
118 2111.70 97.70 206.60 96.02 653 17 4069.69

119 2111.70 97.70 206.60 96.02 631.49 6324.74

120 2111.70 97.70 206.60 96.02 609.81 8579.83
121L 145 2111.70 97.70 206.60 96.02 588.13 10834.92
121R 14S 2111.79 97.70 30.97 96.02 588.15 10834.92

122 2111.70 97.79 30.97 96.02 622.73 12168.21
123L 804A 2111.70 47.70 30.97 96.02 657.33 13F01.49
123R B04A 2111.70 90.98 527.64 96.02 4329.80 14764.19
124L BG4B 1041.81 2111.70 527.64 376.84 37.66 13335.97
ii4R B049 1941.81 188.77 47.18 376.84 671.31 1126.52
125 1041.81 188.77 47.18 376.64 406.66 753.88

126 1041.81 188.77 47.18 376.84 193.50 381.25

127 1041.01 188.77 47 18 376.84 241.96 114.40
128 1041.81 188.77 47.18 376.84 335.10 4597.86

129L BO5A 1041.81 188.77 47.18 376.84 428.24 9081.34

129R BOSA 1041.81 47.18 2111.70 376.84 9081.34 5421.04
130L B05B 1109.76 363.57 2111.70 855.99 4855.08 5511.76

130R B058 1109.76 188.77 363.57 855.99 436.58 4855.07
131L ISS ?105.76 168.77 363.57 855.49 390.?9 8197.72
131R 153 1109.76 175.90 363.57 855.99 390.99 8197.72
132 1109.76 1 75.90 363.57 855.99 332.23 12329.16
13} 1109.76 175.90 363.57 855.99 273.47 16460.62
134 1109.76 175.90 363.57 C55.99 214.72 20592.09
135 1109.76 175.90 363.57 855.99 155.96 24723.53
136 1109.76 175.90 '363.57 855.99 97.20 2S834.98
137L B06A 1109.76 175.90 363.57 855.99 38.44 32986.47
137R B06A 1109.76 0.00 363.57 855.9* 38.44 329s6.47
138L B068 0.00 1109.76 363.57 0.00 817454 31505.05
136R B06B 0.00 97.70 30.97 0.00 10321.46 2578.81
134 0.00 97.70 3C.97 0.00 9584.23 2394.61
140 0.00 ')7.70 30.97 0.00 6346.95 2210.41

141 0.00 97.70 30.97 0.00 .8109.75 2026.21

142 0.00 97.70 30.97 0.C0 7372.48 1942.01

143 0.00 97.70 30.97 0.00 6635.24 1657.81
144 0.00 97.70 30.97 C 00 5897.99 1473.61
145 0.00 97.70 30.97 0.00 5160.74 1289.41
146 0.00 97.70 30.97 0.00 4423.49 1105.21

.
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PAGE 545IMPELt-CORPCRATION
StJPERPIPE ' YE;11134 22E C5/31/90s SYSTEN: IBM-VWMVS G-24-92 5:39:32

ADVANCED LIGHT HATER EEACTOR *** X1 Z SHUB, X :;taE AT XO5B
*JPTIONAL ROUTItG 7 FROM DESI
16" LHLTTDOHtt C00LitC LINE

2
LUAD CASE tc. M iTM0(), FORCES AND FO1ENTS IN LOCAL COURO1 MATES

Rt#4 SCP DCP AXIAL Y Z XX YY ZZ
GROUP tt1B NA?1E FORCE FORCE F09CE NOMENT NOMENT HQ1ENT

E LB ) ( LB ) ELB) ELB.FTl (LB.FTl ( LB. Fi l

RtF41
1 1 846.39 13783.31 4562.01 -73819.25 31235.66 72969.37
2 2 846.39 13783.31 4562.01 -73819.25 21842.51 41826.34
3 2A 846.39 13783.31 4562.01 -73819.25 15581.97 21069.47
4L A01A . 846.39 13780.31 4562.01 >,3819.25 34308.26 19679.24
4R A01A 846.40 -1Ce42.45 12927.74 4 3819.25 -18128.77 -10726.78

5 8265.25 -7068.29 12927.74 49385.28 51542.95 -10920.39
6L A018 10842.45 846.39 12927.74 -10792.67 86793.94 12970.29
6R A018 10842.45 -846.39 -12927.74 -10386.22 -86793.94 -12970.29
7 10842.45 -846.39 -12927.74 -10386.22 -105476.00 -11332.66
8 10842.45 -846.!9 -12927.74 -10386.22 -124158.19 -9695.04
9~ 10842.45 -846.39 -12927.74 -10386.22 -142840.37 -8057.41

10L AIA 10842.45 -846.39 -12927.74 -10386.22 -161522.62 -6419.77

2CR AIA 10842.45 -12927.74 846.39 -10386.22 -6419.78 161522.42
11 14217.70 -9887.96 846.39 -7337.83 -8561.40 169148.81
12L A1B 13783.31 4562.01 846.39 -2788.26 -9381.25 163167.4*.
12R A1B 13783.31 -846.3". 4562.01 -2788.26 -168167.44 -9381.25
13 13783.31 -846.39 4562.01 -2788.26 -158506.69 -7754.82

14 33783.31 -846.39 4562.01 -2788.26 -148845.87 -6128.38
15 15783.31 -846.39 4562.01 -2788.26 -139185.00 -4501.94
16 13783.31 -846.39 4562.01 -2788.26 -129526.25 -2875.50

17 13783.31 -846.39 4562.01 -2788.26 -119863.44 -1249.06

16 13783.31. -84a . 3': 4542.01 -2788.26 -124245.94 -2633.40

1*L X01A 13783.31 .-e46.39 4562.01 -2788.26 -132718.12 4137.64
19R X01A 13783.30 '4562.02 181.80 -2788.26 4137. A 132718.12
20 11810.27 12972.10 181.80 -3416.?O 3145.23 131225.56
21L X018- -4562.00 13783.31 181.8e -3802.44 -2691.36 114838.56
21R X018 -4562.01 -181.80 13783.31 -3802.45 -107825.25 -2527.00

-181.80 13783.31 -3802.44 -64386.06 -2442.6222 ~4562.01
' -181.80 13783.31 -3802.44 -60946.77 -2358.2423 -456?.01

24 -4562.01 -181.80 13783.31 -3802.44 -37F07.43 -2273.87

25 -4562.01 -181.80 15783.31 -3802.44 56433.89 -2189.50

26- -4562.01 -181.80 13783.31 -3802.44 85315.12 -2105.12

27 -4562.01 -181.80 13783.31 -3802.44 114196.31 -2020.75

28 -4562.c3 -191.80 l',783.31 -3802.44 143077,56 2289.27
29 -4562.01 -181.80 13783.31 -3802.44 171958 A7 2624.08

' 4562.01 -181.80 13783.31 -3802.45 200840.37 2955,8930L XOZA -

30R X02A -4562.00 -13783.31 -181.80 -3802.45 -2958.89 700840.37
31 11810.27 -12972.11 -181.80 4839.05 -6*2.93 225e80.8~
32L X028' 13783.30 -4562.02 -181.80 3119.92 -3467.24 242291.2.3

.
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PAGE SM
IMrELL CORPORAT10t4 8-24-?2 9:39:32
SUPERPIPE VERSECN 22E 05/31/90s SYSTENs IBM-VM/WIS

ADVAraCED LIGHT HATER LEACTOR *** XI Z StJUB, X StJUB AT X058
CPT10tiAL ROUTIts 7 FROM DESI
16" SHUTDOHH COULIts Lit 4E

Z
LCAD CASE NO. as (THMXI, FORCE 3 AND HOMENTS IN LOCAI C.UURDINATES (CONTD.)

RtR4 SDP DCP AXIAL Y Z XX YY ZZ

CRCalP tte NAME FURCE FORCE FORCE MOMENT NOMEffT N0HENT

tLB (LB) (LB9 ( LB . F T l (LB.FTP (LB.FT)

RUN1
(CCNTD. )

32R XOZB 13783.31 -181.80 4562.01 3319.92 242291.25 3467.25
33L X1 13783.31 -181.80 4562.91 3319.92 247445.12 3299.65
33R XI 13783.31 -233.38 4562.01 3319.92 247445.12 3299.65
34L XO3A 13783.51 -233.38 4562.01 3319.92 '252599.00 3098.84
44R XO3A 13783.31 . 362.00 -233.38 3319.91 -3098.84 252599.00
35 12972.10 11810.27 -233.38 389.02 4114.08 250766.06
36L XO3B 4562.02 13 83.30 -233.38 2697.22 2856.45 231763.w9

36R XO3B 4562.01 -233.33 -13783.31 2697.22 231763.69 -2856.45

37L XXI 4562.01 -233.38 -13783.31 2697.22 223977.94 -2740.58

37R XX1 4562.01 -233.38 -13136.34 2697.22 225977.94 -2740.58

33 4562.01 -235.38 -13136.34 2697.22 197276.94 -2323.65

39 4562.01 -233.38 -13136.34 2697.22 170575.81 -1906.72

40 4562.01 -233.38 -13136.34 2697.22 143874.69 -1489.79
41 4562.01 -233.38 -13136.34 2697.22 1171 :1.50 -1072.86
42 4562.01 -233.38 -15136.54 2697.22 904'2.37 -655.93

43 4562.01 -233.38 -13136.34 2697.22 63771.27 -238.99

44 4562.01 -233.38 -13136.34 2697.22 37170.13 -2n8.60

4562.01 -233.38 -13136.34 2697.22 30520.27 594.87i

| 45 .

4562.01 -233.38 -13136.34 2697.22 25416.81 1011.81
46L XO4A'

46R XO4A 4562.02 -13136.34 233.38 2697.22 1011.80 -25416.81

47 12514.63 -6062.95 233.38 2683.31 564.78 34301.01

48L X049 13136.35 4562 00 233.38 -1475.27 2295.60 35705.79

48R XO4B 13136.34 -233.38 4562.01 -1475.27 -35705.79 2295.60

| 49L X2 13136.34 -233.38 4562.01 -1475.27 -30122.60 2078.06

l 49R X2 13136.34 227.38 4562.01 -1475.27 -30122.60 2078.06

! 50L X05A 13136.34 227.38 4562.01 -1475.27 -24538.88 -1958.79

| 50R X05A 1313').35 -4562.e0 227.38 -1475.27 1958.79 -24538.83

i 51 12514.63 6062.96 -227.38 2522.88 570.37 -25943.62

52L X058 4562.02 13136.*4 227.38 -2281.90 1690.43 -43912.40

52R XO58 4562.01 227 61 -13136.34 -2281.90 -43912.40. -1690.43

53 3 4562.01 227 ~t -13136.34 -2281.90 -55970.43 -1835.72
54 4 4562.01 227.38 -13136.34 -2281.93 -85651.69 -2193.34

55 5 4562.01 227.38 -13136.34 -2281.90 -115333.00 -2550.95
56L A04A 4562.01 227.38 -13136.34 -2281.90 -131165.31 -2741.71

56R A04A 4562.02 -13136.34 -227.38 -2281.90 -2741.71 131165.31

57 11359.85 -8020,55 -227.38 2904.90 .-2086.35 146529.87

58L A046 13905.61 -4877.99 -227.38 3329.62 -2401.71 152277.00

58R A04B 13905.61 -241.83 7146.79 3329.62 -352277.00 -2401.71

___

_
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PAGE 547
'It1PELL CORPORATION 8-24-92 9:39:32
SUPERPIPE VERSIDH 22E 05/31/90s SYSTEM: IBM-VHMHVS

1.0VANCED LIGHT HATER REACTOR m X1 Z SNUB, X StA>B AT XOSS
OPTIONAL ROUTING 7 FRC.1 OESI
16" SHUTDGN COOLING LINE

Z
LCAD CASE NO. 36 (THt0(), FORCES AND NCt1ENTG IN LCCAL COURDINATES (CafTD. )

RUN- SCP OCP AXIAL Y Z XX YY ZZ
GROUP tt18 N/.ME FORCE FORCE FORCE t10 MENT MOMENT MOMENT

(LB3 (LB) (LB) (LB.FT) (LB.FT) (L8.FT)

rut 41 -
I CONTO. )

59 6 13905.61 -241.83 7146.79 3329.62 -143663.44 -2145.54

6n 7 13905.61 -241.83 7146.79 3329.62 -127515.44 -1665.30

61 8 13905.61 -241.83 7146.79 3329.62 -111367.44 -1185.06

ZUt!2'

62 8 13905.61 -241.83 7146.79 3147.44 -105273.81 -1185.06
6t 13905.61 -241.83 7146.79 3147.44 -95435.44 -875.54

69 9 '13905.61 -241.83 7145.79 3147.44 -85597.12 -566.01
65 13905.61 -241.83 7146.79 3147.44 -70332.69 219.70

66L 10 13905.61 -241.83 7146.79 3147.44 -55068.27 394.47
66R 10 13905.61 965.16 7146.79 3147.44 -55068.27 394.47
67 13905.61 965.16 7146.79 3147.44 -47416.16 -872.14

68 SA 13905.61 965.16 7146.79 '3147.44 -39764.10 -1905.53
69L SB 13905.61 965.16 7146.79 3147.44 -32131.88 -2936.25

13905.61 965.16 7146.79 3147.44 32131.88 2936.25 BRANCH AXES

69R 88 14890.07 84.71 6594.43' -2187.78 -35153.89 854.09
14890.07 84.71 6594.43 2187.78 35153.89 854.09 BRANCH AXES

70 BC 14890.07 84.71 65a4.43 -2187.78 -28111.55 764.47
71 14890.07 84.71 6594.43 -2187.78 -14415.66 590.17
72 14873.07 84.71 6594.43 -2187.78 -719.70 415.87
73 14890.07 84.71 6594.43 -2187.78 12976.26 246.90
74 14890.07 84.71 6594.43 -2187.78 26472.20 85.43

75 PS 14890.07 -84.71 6594.43 -2187.78 40368.27 -107.03

76L P4 14890.07 84.71 6594.43 -2187.78 44476.06 -159.31

76R P4 14890.07 -15.70 -5290.50 -2187.78 44476.06 -159.31

77 14890.07 -15.70 -5290.50 -2187.78 34341.60 -129.51
78 14890.07 -15.70 -5290.50 -Za87.78 24207.11 -99.71

79 14890.07 -15.70 -5290.50 -2187.78 14072.64 -69.91

80 14890.07 -15.70 -5290.50 -2187.78 3938.15 -40.11

81 P3 14890.07 -15.70 -5290.50 -2187.78 -6196.38 -14.10

82L P2 14890.07 -15.70 -5290.50 -2187.78 -10433.76 -12.04

82R P2 0.00 0.00 0.00 0.00 0.00 0.00.

83- P1 0.00 0.00 0.00 0.00 0.00 0.00

7.tk13
84 88 887.41 -1109.76 -206.60 3022.03 6257.66 1836.60

984.46 887.41 552.36 5335.21 3022.03 3750.59 BRANCH AXES

85 11' 887.41 -1109.76 -206.60 3022.03 6053.12 2935.35

6
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PAGE 548

' IMPELL CORPORATION .21E 05/31/90 n 3YSTEM: IBM-VM/M'/3 G-24-92 9 39:32
SUPERPIPE VERSION

ADVANCED LIGHT HATER REACTOR *** XI Z $NUD, X Sta>B AT XO58
OPTIct4AL ROUTING 7 FROM DESI
16'' SHUTDOWN C00 LING LINE

Z
LOAD CASE NO. $ tTHMX), FORCES AND HCHENTS IN LOCAL COURDINATES (CONTD. )

RtM SDP OCP AXIAL Y Z XX W 7
GROUP tt1B . HAME FORCE FORCE 70RCE NOMENT HF Mi

(LB) (LB) (L8) (L8.FT) If Ld.f7'

RUN3
(CONTO.)

86 887.41 -1109.76 -206.60 3022.03 i

87 887.41 -1109.76 -206.60 3022.03 .-

88 12 887.41 -1109.76 -206.60 3022.03 '.

89L 13 887.41 1109.76 -206.60 3022.03 4. -

89R 13 984.46 887.41 -552.36 -1034.02 30> .. 'o .'

90 14 984.46 387.41 -552.36 -1054.02 243.
~

91 984.46 887.41 -552.36 -1034.02 1345.3% . ,3 -s<

92 ~ 984.46 887.41 -552.36 -1054.02 389.19 6976.76
93 984.46 887.41 -552.36 -1034.02 -1149.10 5230.70
94 984.46 887.41 -552.36 -1034.02 -2027.36 3484.63
95 984.46 887.41 -552.36 -1034.02 -3091.93 1738.56
96 984.46 887.41 -552.36 -1034.02 -4038.76 12.67
97 984.46 887.41 -552.36 -1034.02 -5175.57 -1753.58

V8 984.46 887.41 -552.36 -1034.02 ~6262.39 -3499.65

99L 801A 984.46 887.41 -552.36 -1034.02 .-7349.22 -5245.73

99R 801A 984.46 -552.36 588.89 -1034.02 -5245.73 7349.22
100L B018 930.81 638.63 588.89 3808.99 -2542.47 7277.61
100R 8018 930.81 -588.89 638.63 3808.99 -7277.61 -2542.47

101 930.81 -588.89 63a.63 3808.99 -6025.71 -1388.08

102 930.81 -688.89 638,63 3808.99 -4773.82 -233.70

101 930.81 -588.89 638.63 3808.99 -3521.92 920.69
104 930.81 -588.89 638.63 3808.99 -2270.03 2075.08
105 930.81 -588.89 638.63 3808.99 -1018.13 3229.47
In6 930.81 -588.89 638.63 3808.99 624.84 4383.86
107 950.81 -588.89 658.63 3808.99 1485.66 5538.25
108 930.81 -588.89 638,63 3808.99 2737.56 6692.64

109 930.81 -586.8* 638.63 3808.99 3989.46 7847.03

110 930.81 -588.89 638.63 3808.99 5241.35 9001.41
111L B02A 930.81 -588.89 638.63 3808.99 6493.26 10155.82
111R 002A 930.81 -638.63 469.44 3809.00 -10155.81 6493.26

112L S028 638.63 930.81 469.44 ?529.16 4435.65 6103.23
112R B02B 638.63 469.44. -930.81 9529.15 6103.23 -4435.65

113 638.63 469.44 -930.81 9529.15 4115.16 -5438.51
114L B03A 638.63 469.44 -930.81 9529.15 2127.10 -6440.97

114R B03A 638.63 -2111.70 -930.81 9529.15 2127.10 -6440.97
115L 8038 2111.70 638.63 -930.81 -1113.15 8286.61 -4474.56

115R B038 2111.70 -1109.76 206.60 -1113.15 -9023.51 -2695.52
116 2111.70 -1109.76 206.60 -1113.15 -8603.70 -993.54-4

.
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Pl.GE 549
' It*PELL CORPORATIDI e-24-92 9:39:32
SUPERPIPE. VERSIC'4 22E 03/31/90s SYSTEM: IBM-VM/MVS

ADVANCED LIGH7 HATER REACTOR *** XI Z SilUD, X SNUD AT XO58
OPTIONAL ROU7ING 7 FRCH OES1
16" SHUTOCHN COOLING LINE

A
LOAD CASE NO. N tTHMXI, FORCES AND MONENTS IN LOCAL C00RDINATES IC0ff70. )

RUN Sc? DCP AXIAL T Z XX YY ZZ

GROUP NMS NAME FORCE FeelCE FORCE HOMEtf7 HOMENT MOMENT
tLB) ( LS I (LB) (LB.FT) (LB.FT) ILD.FT)

RUN3>

(CONTD.)
117 2111.70 -1109.76 206.60 -1113.15 -8183.88 1814.61
118 2111.70 -1109.76 206.60 -1113.15 -7764.06 4069.69

119 2111.70 -1109.76 200.60 -1113.15 -7344.25 6324.76

120 2111.70 -1109.76 206.60 -1113.15 -6924.43 8579.83
121L 145 2111.70 -1109.76 206.6D -1113.15 -6504.61 10834.92

121R 14S 2111.70. -1109.76 -363.57 -1113.15 -6504.61 10834.92
122 2111.70 -1109.76 -363.57 -1113.15 -6941.41 12168.21
123L B04A 2111.70 -1109.76 -363.57 -1113.1S -7378.22 13501.49
123R B04A 2111.70 -1041.80 527.64 -1113.15 4329.80 14764.19
124L B048 1041.81' 2111.70 527.64 -5034.15 -871.30 13335.97
124R B048 1041.81 -2111.70 -527.64 -5034.15 871.31 -13335.97
125 1041.81 -2111.70 -527.64 -5034.15 -940.04 -8852.53

126 1041.61 -2111.70 -527.64 -5034.15 -2060.29 -4369.06

127 1041.81 -2111.70 -527.64 -5034.15 -3180.54 -480.83
128 104!.81 -2111.70- -527.64 -5034.15 -4300.79 4597.86
129L BOSA 1341.81 -2111.70 -527.64 -5034.15 -5421.04 $381.34

129R 805A 1041.81 -527.64 2111.70 -5034.15 9081.34 5421.04
130L B058 1109.76 363.57 2111.70 -10006.80 4855.08 5511.76

130R B058 1109.76 -2111.70 363.57 -10806.80 -5511.76 4855.07
131L ISS 1109.76- -2111.70 -363.57 .-10806.80 -4936.25 8197.72
131R ISS 1109.76 -2024.87 363.57 -10806.80 -4936.25 8197.72

132 1109.76 -2024 87 363.57 -10806.80 -4194.44 12329.16
133 1109.76 -2024.87 363.57 -10806.80 -3452.62 16460.62

-10806.80 -2710.80 20592.09
134 1109.76 -2024.87

363.57 ' -10806.80 -1968.98 24723.53135- ~1109.76 -2024.87 363.57
136 1109.76 -2024.87 363.57 -10806.80 -1227.16 28854.98
137L B06A 1109.76 -2024.87 363.57 -10806.80 -485.34 32986.47
137R B06A 1109.76 0.00 363.57 .-10806.80 -485.34 32986.47

138L B06B 0.00 1109.76 363.57 -0.01 .-10321.46 31505.05

138R B068 0.00. -1109.76 -363.57 0.00 10321.46 -31505.05
' 363.57 0.00 9564.23 -29254.70139 0.00 -1109.76 -

190 0.00 -1109.76 -363.57 0.00 8346.98 -27004.36
141 0.00 -1109.76 -363.57 0.00 8109.73 -24753.97

142 0.00 -1109.76 -363.57 0.00 7372.48 -22503.62

141 0.00 -1109.76 -363.57 0.00 6635.24 -20253.23

144 >0.00 -1109.76 -363.57 0.00- 5897.59 -18002.92

145 'O.00 -1109.76 -3d3.57 0.00 5160.74 -15752.56

146 0.00 -1109.76 -365.57 0.00 4423.49 -13502.20

i

?
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IMPELL' CORPORATION. .
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PAGE-566
: SUPER. PIPE VERSION,'22E -05/31/90s . SYSTEM: IBM-VM/MVS 8-24-92 9:39:32 ,

>

' ADVANCED LIGHT HATER REACTOR *** XI Z Sta)B, X SNUB AT XOSB'

; OPTIONAL ROUTING 7 FROM DESI;
16" SHUTDalM COOLING LINE

.
A

LOAD CASE NO. De'(THMN), ' FORCES AND NOMENTS IN LOCAL COURDINATES -

J MUN SDP DCP AXIAL 'Y 'Z - XX YY ZZ
.

t, GROUP -NHS NAME ' FORCE- FORCE. FORCE NOMENT MOMENT NOMENT 1

' ( LB ) -(LB) (LB) ( LB. F T ) -ILD.FTl (LB.FT)

'RUN1
" 785.84 0.00 -4198.71 -73819.25 -19952.50 0.00.I 1 -

2 22 -785.84 0.00 -4198.71. -73819.25 -10948.31- 0.00

.
3 2A -785.84 0.00' -4198.71t -73819.25 -5905.57 0.00

2 4L A01A- --785.84 ' O .00 - -4198.71- -73819.25 -4879.62 0.00
-785.8% -10842.44'

'

O.00. -73819.25 -18128.77 -10726.78
a 4R A01A.

'

5 -933.67 -7068.29~ 0.00 -47850.06 -44566.47 -10920.39 - I
'

'6L A01B -534.57- -785.84: - 0.00 . -10792.67 -44897.89 -10127.83
6R A018 -534.57 -846.39 .-12927.74. .-10386.22 -86793.94 -12970.29'

" 8''
-534.57; -846.39' ' -12927.74i.'-10386.22 ,-105476.00 -11332.667-'
-534.57 -846.39 -12927.74 -10386.22 -124158.19 -9595.04

-9' . -534.57 -846.39 -12927.74 -10386.22' -142840.37 .-8057.41'
:10LTAIA; -534.57 .-846.39 -12927.74. -10386.22 -161522.62 -6419.77
10R. A1A -534.57: -12927.74 :-785.84 ,-10386.22 -6419.78 0.00
11 0.00 -9887.96 ' -785.84. -7337.83 -8561.40 0.00

12L. A1B 0.00' .-4198.71. - -785.84 .-2788.26 -9381.25 - 0.00
0.00 -846.39 .-4198.71^ -2788.26" -168167.44 -9381.25 *'12R A1B~
'O.00 -846.39 -4198.70" ~ -278% 26 .-158506.69' -7754.8213

14 0.00- -8A6.39- -4198.70' -2788.26 ~ -148845.87 :-6128.38
~ t 15 z 0.00 -846.39 ;-4198.70 -278d.26 z-139185.00 : -4501.94 ,

+
4

16' ' O.00. .-846.39: --4198.70 -2788.26 .'-129524.25. --2875.50

17 - 0.00- 1-646.39''' -4198.70; .-2788.26' -119863.44 ,-1249.06 1!

i 18 - - 0.00' .-846.39- -4198.70 -2788.26' -124245.94 -2633.40
'

.' 2788.26 -132718.12 -4096.04- 19L XDIA. -0.00 '-846.39 -4198.71 -

' -7788.26 -4096.04 0.00( ' 1*R X01A - 0.00- f-4198.70 -148.35^
'

1 '' 20 ;0.00- -0.00/ '.-148.35 -3416.90 '-2934.79 0.00 .

-!
~21L X01B' -4562.00 0.00'- -148.35' .-3802.44 -2691.36: - 0.00

21R X018 -4562.01- -181.80- 0.00 -3802.45 1-107825.25 -2527.00
22 - -4562.01 -181.80 o0.00 . -3802.44; : -84386.06 | -2442.62 ;

-ta

i- 23 -4562.01: '-181.80. 0.00 -3802.44 : -60946.77: : -2358.24'-
>

24' a-4562A1.- c-181.80 0.00 -3802.44J ~-37507.43 -2273.87'
*

25" ?-4562.01s "-181.80; 0.00 : -38C2.44; -16545.06- --2189.50
"

*

26 - -4562.01< %181.80. 0.00 ; -3802.44 -8446.90 :-2105.12
' 4562.01 ;-181.80 0.00 -3802.44 ;-348.74 ~-2020.75-

t e*" 27
.' 181.80, 0.00 -3802.44- -0.00 -1936.37 -!'

. ' 28 : - -4562.01 -

i~ .29 : .- ---4562.01' L-181.80- 0.00 .-3802.44 0.00- -2176.43
30L XO2A . -4562.01i .-181.80 . 0.00 -3802.45i ' O . 00 ' L-2487.29

~-30R XOZA '-4562.00 ~ -13783.31-- -181.80< ' -3802.45.' -2958.89 0.00 '-

31-
' -181.80 -4545.69: :-692.93 - 0.00

: " O.00: ..~-12972.11 - ' 2822.49 ' -3467.24 0.00?, -32L X028 0.00 - -4562.02 -181.80.
~
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PAGE 567IMPEIL CORPORA 710t{
SUPERPIPE VERSION 22E 05/31/90). SYSTEM: IBM-VM/h /S 6-24-92 9:39:32

ADVANCED LIGHT HATER REACTOR *ma XI Z SNUB, X SNUB AT K05B
OPTIONAL ROUTIfB 7 FRCH DESI
16" SHUTD0144 COOLING LINE

'Z.
LOAD CASE NO. 94 (THMN), FORCES AND NOMENTS IN LOCAL COORDINATES (CftfTD. )

RUN SCP DCP ' AXIAL Y Z XX YY 22
GROUP MMD NAME FORCE FORCE FORCE MOMENT HOMENT MONENT

I LB ) (LBI ( LB ) ( LB. F T ) (LB.FT) (LB.FT)

RUN1
ICON 1D.)

32R X028 0.00 -101.80 -4198.71 -2822.49 0.00 -3373.99
33L X1 0.00 -181.80 -4198.71 -2822.49 0.00 -3193.47
33R XI 0.00 -233.33 -4198.71 -2822.49 0.00 -3193.47
34L XO3A 0.00 -233.38 -4198.71 -2822.49 0.00 -2961.74

34R XO3A 0.00 -4562.00 -233.38 -2822.49 -3098.84 0.00

35 0.00 0.00 -233.38 -77.08 -3903.02 0.00

36L X038 -4198.70 0.00 -233.38 -2498.27 -2420,87 0.00

36R XO3B -4198.71 -233.38 -13783.31 -2498.27 0.00 -2856.45
37L XXI -4198.71 -233.38 -13783.31 -2498.27 0.00 -2740.58

37R XXI -4198.71 -233.38 -13136.34 -2498.27 0.00 -2740.58

38 -4198.70 -233.38 -13136.34 -2498.27 0.00. -2323.65

39 -4198.70 -233.38 -13136.34 -2498.27 0.00 -1906.72

40 -4198.70 -233.38 -13136.34 -2498.27 0.00 -1489.79

41 -4198.70 -233.38 -13136.34 -2498.27 0.00 -1072.86
42 -4198.70 -233.38 -13136.34 -2498.27 0.00 -655.93

43 -4198.70 -233,38 -13136.34 -2498.27 0.00 -238.99

44 -4198.70 -233.38 -13136.34 -2498.27 0.00 -208.60

45 -4198.70 -233.38 -13136.34 -2498.27 0.00 -569.90

46L XO4A' -4198.71 -233.38 -13136.34 -2498.27 -16332.29 -931.20

46R XD4A -4198.70 -13136.34 -177.75 -2498.27 -931.19 -25416.81
'47 -2745.42. -6062.95 -177.75 -2617.74 -723.37 -18919.46

48L XO48 ~726.60 -4198.71 -177.75 -1475.27 -2054.80 -11256.39
48R XO4B -726.60 --233.38 -4198.71 -1475.27 -35705.79 -2034.81
49L X2 -726.60 -233.38 -4198.71 -1475.27 -30122.60 -1783.77
49R X2 -726.60 -62.92 -4198.71 -1475.27 -30122.60 -1783.77
50L X05A -726.60 -62.92 -4198.71 .-1475.27 -24538.88 -1958.79
SOR XOSA -726.60 -4562.00 -62.92 -1475.27 -1884.34 -24538.88

51 -2745.42 0.00 '-62.92 -2522.88 -463.47 -25943.62

52L XO5B -4198.70 -726.59 -62.92 -2281.90 -1152.17 -43912.40
52R X058 -4198.71 -62.92 -13136.34 -2281.9n -43912.40 -1690.43

53 3 -4198.71 -62.92 -13136.34 -2281.90 -55970.43 -1835.72
54 4 -4198.71 -62.92 -13136.34 -2281.90 -85651.69 -2193.34

55 5 -4198.71 -62.92- -13136.34 -2281.90 -115333.00 -2550.95

Set AC4A -4198.71 -62.92 -13136.34 -2281.90 -131165.31 -2741.71
56R A04A -4198.70 -13136.34 -227.38 -2281.90 -2741.71 -2445.77
57 -2988,58 -8020.55 -227.38: -1912.23 -2086.35 -2113.27

58L A048 -1702.50 -4877.99 -227.38 -705.86 -2401.71 0.00

58R A04B -1702.50 -241.83 0.00 -705.86 ~-152277.00 -2401.71

. 4
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PAGE 56S
IMPELL CORPORATION c-24-92 9:39:32
SUPERPIPE YERSION 22E 05/31/90s SYSTEN: IBM-VM/WS

ADVANCED LIGHT HATER REACTOR *** X1 Z SNUB, X SHUB AT XO58
OPTIONAL ROUTING 7 FROM OESI
16" SHUTDOHN COOLING LINE

Z.
LOAD CASE NO.14 (THtti), FORCES AND NOMENTS IN LOCAL CCURDINATES ICONTD. )

204 SCP DCP AXIAL Y Z XX YY 72

GROUP NMB NAME FORCE FORCE- FORCE NOMENT HCNENT M0hENT

(LB) (LB) (LB8 (LB.FT) (LB.FT) ( LB. FT )

Mt!1
I CG4TD. )

59 6 -1702.50 -241.83 0.00 -705.86 -143663.44 -2145.54
60 '7 -1702.50 -241.85 0.00' -705.86 -127515.44 -1665.30

61 8 -1702.50 -241.83 0.00 -705.86 -111367.44 -1185.06

RtM2
62 8 -1702.50 -241.83 0.00 -705.86 -105273.81 -1185.06
63 -1702.50 -241.83 0.00 -705.86 -95435.44 -875.54

64 9 -1702.50 -241.83 0.00 -705.86 ~85597.12 -566.01
65 -1702.50 -241.83 0.00 -705.86 -70332.69 -85.77

66L 10 -1702.50 -241.83 0.00 -705.86 -55068.27 -224.37
66R 10 -1702.50 -52.69 0.00 -705.86 -55068.27 -224.37
67 -1702.50 -52.69 0.00 -705.86 -47416.16 -872.14

68 8A -1702.50 -52.69 0.00 -705.86 -39764.10 -1905.53
69L BB -1702.50 -52.69 0.01 -705.86 -32131.88 -2936.25

1702.50 52.69 0.0 705.86 32131.88 2936.25 BRANCH AXES

69R 8B -1791.33 -46.43 0.00 -2187.78 -35153.89 -433.80
1791.33 46.43 0.00 2187.78 35155.09 433.80 BRANCH AVIS

70 BC -1791.33 -46.43 0.00 -2187.78 -28111.55 -3S4.68

71 -1791.33 -46.43 0.00 -2187.78. -14415.66 -289.16

72 -1791.33 -46.43 0.00 -2187.78 -719.70 -193.64

73 -1791.33 -46.43 0.00 -2187.78 0.00 -98.12

74 ' -1791.33 -46.43 0.00 -2187.78 0.00 -13.30

75 PS -1791.33. -46.43 0.00 -2187.78 0.00 -107.03

76L P4 -1791.33 -46.43 0.00 -2187.78 0.00 -159.31'

76R P4 -1791.33 -15.70 -5290.50 -2187.78 0.00 -159.31
77 -1791.33 -15.70 -5290.50 -2187.78 0.00 -129.51
78 -1791.33 -15.70 ' -5290.50 -2187.78 0.00 -99.71
79 -1791.33 -15.70 -5290.50 -2187.78 0.00 -69.91
80 -1791.33 -15.70 -5290.50 -2187.78 0.00 -40.11
81 P3 -1791.33 .-15.70- -5290.50' -2187.78 -6196.38 -14.10

82L P2 -1791.33 -15.70 -5290.50 -2187.78' -10433.78 -12.04

82R P2 0.00 0,00 0.00 0.00 0.00 0.00

83 P1- 0.00 0.00 0.00 0.00 0.C0 0.00

i RM43
84 88 -80.86 -1109.76 -206.60 -19.76 -538.64 -710.41

984.46 80.86 552.36 281.70 19.76 845.E.5 BRANCH AXES

85 11 -80.86 -1109.76 -206.60 -19.76 -528.07 -411.09

.
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PAGE 569
1HPELL CORPORAT20N
SUPERPIPE VERSION 22E 05/31/90s S'JSTEtt:. IBH-VM/MVS 8-24-92 @ 39:3a

ADVANCED LIGHT HATER REACTOR *** XI Z SNUB, X SNUB AT X058
OPTIONAL ROUTING 7 FROM DESI
16'' SHUT 00HN COOLING LINE

2.
LOAD CASE NO. 78 (THMN b FORCES AND MOMENTS IN LOCAL COURDINATES f CONTD. I

RLD3 SOP DCP AXIAL Y Z XX YY ZZ
GR6L*P ' NMB HAME FORCE FORCE FOPCE NOMENT HOMENT HOMEMT

(LB) EL8) (LB3 (LB.FT) (LB.FT) (LB.FT)

RLN3
ICON 7D.)

86 -80.86 -1109.76 -206.60 -19.76 -507.70 -417.90

87 -80.86 -1109.76 -206.60 -19.76 -487.32 -591.37

88 12 -80.86 -1109.76 -206.60 -19.76 -466.95 -764.85

89L 13 -80.86 -1109.76 -206.60 -19.76 -455.55 -861.85

89R 13 -88.83 -80.86 -552.36 -1054.02 -19.76 -962.55

90 14 -88.83 -80.86 -552.36 -1034.02 0.00 -882.26

91 -88.83 -80.86 -552.36 -1034.02 0.00 -734.34

92 -88.83 -80.86 -552.36 -1034.02 -270.83 -586.41

93 -88.83- -80.86 -552.36 -1039.02 -1149.10 -438.49

94 -88.83 -80.86 -552.36 -1034.02 -2027.36 -290.56
95 -88.83 -80.86 -552.36 -1034.02 -3001.93 -142.64

96 -88.83 -80.86 -552.36 -1034.02 -4088.76 -11.37

97 -88.83 -80.86 -552.36 -1034.02 -5175.57 -1753.58

98 -B8.83 -80.86 -552.36 -1034.02 -6262.39 -3499.65

99L B01A -88.83 --80.86 -552.36 -1034.02 -7349.22 -5245.73

99R B01A -88.83 -552.36 -54.17- -1034.02 -5245.71 -718.20

100L B016 -77.20 -60.97 -54.17 -296.99 -2542.47 -7D3.77

100R B018 -77.20 -588.89- -60.97 -296.99 -7277.61 -2542.47
101 -77.20 -588.89 ~60.97 -296.99- -6025.71 -1388.08

102 -77.20 -568.89 .-60.97- -296.99 -4773.82 -233.70

103 -77.20 -588.89 -60.97 -296.99 -3521.92 -19.45

104 -77.20 -588.89' -60.97 -296.99 -2270.03 -118.17

105~ -77.20 -588.89 -60.97 -296.99 -1018.13 -216.90

106 -77.20 -588.89 -60.97 -296.99 0.00 -315.63
107 -77.20 -588.89 -60.97 -296.99' -74.10 -414.36,

108 .-77.20 -588.89 -60.97 -296.99 -185.22 -513.09

109 -77.20 -588.89 .-60.97 -296.99 -296.34 -611.82

110 -77.20 -588.89 -60.97 -296.99 -407.47 -710.55

111L B02A -77.20 -588.89 -60.97 -296.99 -518.59 -809.28

111R B02A -77.20 -638.63 -157.85 -296.99 -10155.81 -518.59
112L 8028 -60.97 -77.20 -157.85 -758.07 -368.20 -498.45

112R B028 -60.97 -157.85 -930.81 -758.07 -498.45 -4435.65

113 -60.97 -157.85 -930.31 -758.07 -345.15 -5438.31
114L B03A -60.97 -157.C5 -930.81 -758.07 -191.84 -6440.97

114R B03A -60.97 -2111.70 -930.81 -758.07 -191.84 -6440.97

115L B038 -188.77 -60.97 -930.81 -1113.15 -662.25 -4474.56

115R 803D -188.77 -1109.76 -11.48 -1113.15 -9023.51 a2695.52
116 -188.77 -1109.76 -11.48 -1113.15 -8603.70 .-993.54

4
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IMPELL C M PORATIG4 -

PAGE 570
8-24-92 9:39:32

-SUPERPIPE VE RSIG4 12E 05/31/90s SYSTEM: IBM-VM/tf'/S
ADVANCED LIGHT MATER REACTOR m X1 Z StA.3, X St4UB AT X0SB
UPTIONAL ROUTING 7 FR't! DESI
16'' SHtJTDGti COULING LINE

L
LUAD CASE tXI. 2 ITHP94!, FORCES AND t10HENTS Iti LOCAL ComDINATES (CG4TD. )

RLM SCP OCP AXIAL Y Z )C( YY ZZ
GROUP ttB NAt1C FORCE FORCE FORCE MOME*4T MOMENT MCMENT

ELB) (LB) ( LB ) 4LB.FT) (LB.FT) (LB.FT)'

Rt%43
'I CG4TO. )

117 -188.77 -1109.76 -11.48 -1113.15 -8183.88 -323.91
118 -188.77 -1109.76 -11.48 -1113.15 -7764.06 -335.41
119 -188.77 -1109.76 -11.48 -1113.15 -7344.25 -520.00

120 -188.77 -1109.76 -11.48 -1113.15 -6924.43 -704.58

121L 14S -188.77 -1109.76 -11.48 -1113.15 -6504.61 -889.17

121R 14S -188.77 -1109.76 -363.57 -1113.15 -6504.61 -889.17

122 -188.77 -1109.76 -363.57 -1113.15 -6941.41 -998.L1

123L B04A -188.77 -1109.76 -363.57 -1113.15 -7378.22 -1107.44
123R B04A -188.77 -1041.80 -47.18 -1113.15 -318.28 -1247.88

'124L 0048 -90.98 -188.77 -97.18 -5034.15 -871.30 -1126.52
-90.98 -2111.70 -527.64 -5034.15 -37.46 -13335.97124R 804B

' -90.98 -2111.70 -527.64 -5034.15 -940.04 -8852.53125
126 -90.98 -2111.70 -527.64 -5034.15 -2060.29 -4369.06
127 -90.98 -2111.70 -527.64 -5034.15 -3180.54 -480.83<

128 -90.98 -2111.70 -527.64 -5034.15 -4300.79 -364.02

129L 805A -90.98 -2111.70 -527.64 -5034.15 -5421.04 -736.66

129R 805A -90.98 -527.64 -188.77 ~5034.15 -736.66 -428.24

130L B050 -97.70 -30.97 -188.77 -10806.80 -488.10 -436.58

130R B058 -97.70 -2111.70 -30.97 -10806.80 -5511.76 -488.10

131L 15S -97.70 -2111.70 -30.97 -10806.80 -4936.25 -697.92

131R ISS -97.70 -2024.87 -30.97- -10806.80 -4936.25 -697.92

132 -97.70 -2024.87 -30.97 -10806.80 -4194.44 -1031.61

133 -97.70 -2024.87 -30.97 -10806.80 -3452.62 -1365.30
134 -97.70 -2024.67 -30.97 -10806.80 -2710.80 -1698.99

-97.70 -2024 67 -30.97 -10806.80 -1968.98 -2032.68135
'-97.70 -2024.87- -30.97 -10806.80 -1227.16 -2366.37136

137L B06A -97.70 -2024.87 -30.97 -10806.80 -485.34 -2700.07

137R B06A -97.70 0.00 -30.97 -10806.80 -485.34 -2700.07

138L B06B 'O.00 -97.70 -30.97 -0.01 -10321.46 -2578.81
138R B06B 0.00 -1109.76 -363.57 0.00 -817.54- -31505.05

-139 0.00 -1109.76 -363.57 0.00 -759.15 -29254.70

140 0.00 .-1109.76 -363.57 0.00 -700.75 -27004.36

141 0.00 -1109.76 -363.57 0.00 -642.36 -24753.97
142 0.00 -1109.76 -363.57 0.00 -583.96 -22503.62
143 0.00 -1109.76 -363.57 0.00 -525.56 -20253.28
144 0.00 -1109.76 -363.57 0.00 -467.17 -18002.92

145 0.00 -1109.76 -363.57 0.00 -408.77 -15752.56
146 0.00 -1109.76 -363.57 0.00 -350.30 -13502.20

T

'I
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PACE 587
IMPELL CORPORATION
SUPERPIPE VERSION 22E 05/31/90s SYSTEN: IBM-VM/MYS c-24-92 9:39:32

ADVANCED LIGHT HATER REACTOR *** XI Z SNUB, X SNUB AT X0SB
UPTIONAL ROUTING 7 FROM DESI
16" SHUTDOHN C001.IPX2 LINE

S
LOAD C*SE NO. M ( NORM ) . FORCES AND N0HENTS IN LOCAL COURDINATES

TitJ SDP DCP AXIAL Y Z XX YY ZZ

CROUP ttB NAME ' FORCE FORCE. FORCE MOHENT NOMEhT NOMENT
(LB) (LDI (LB) ( LB. FT ) (LB.FT) (LB.FT)

RUN1
1 1 -5878.70 13794.50 4532.00 -74350.19 -35117.60 78902.12
2 2 -5878.70 -15794.50 4532.00 -74350.19 -26173.42 47736.68

3 2A -5462.48 13796.50 4532.00 -74350.19 -21170.70 26964.89
4L A01A -5377.80 13794.50 4532.00 -74350.19 -20152.89 25571.64
4R A01A -5377.80 -10822.05 12952.44 -74350.12 -15595.14 -26900.01
5 5350.62 -9954.06 12952.43 -50031.46 52994.00 -24474.65
6L A018 10822.05 -4396.87 12952.44 -13375.69 86312.44 -18138.88
6R A018 10822.05 4396.S7 -12952.44 -12969.24 -86512.44 18138.88
7 10822.05 3862.13 -12952.43 -12969.23 -105036.81 11076.09
8- 10822.05 3327.38 -12952.43 -12969.23 -123761.25 -12221.06
9 10822.05 2792.63 -12952.43 -12969.23 -142485.75 -144T8.23
10L A1A 10822.05 2257.87 -12957.44 -12969.24 -161210.25 -15819.58
10R A1A 10822.05 -12952.4* -2257.87 -12969.23 -15819.59 161210.25
11 14212.38 -9919.55 -1930.90 5690.29 -19301.92 168666.69
12L A1B 13794.49 4531.99 -1603.92 9033.14' -18301.39 167918.25
12R A1D 13794.50 - '1603.92 4532.00 9033.14 -167918.25 -18301.39
13 13794.49 1018.64 4532.00 9033.14 -158313.75 -17659.88

14 13794.49 -119S.60 4532.00 9033.14 -148709.19 -1F921.26
15 13794.49 -1784.16 4532.00 9033.14 -139104.62 -13085.56
16 13794.49 -2369.44 4532.00 9033.14 -129500.06 -9152.76
11 13794.49 -2954.72 4532.00 9033.14 -119895.56 -4122.86

18 13794.49 -3540.00 4532.00 9033.14 -124334.31 3972.00
4532.00 9033.14 -132862.75 11362.0719L X01A 13794.50 -4125.29

.-4189.19 9033.13 11362.07 132862.7519R X01A .13794.44 4532.00
20 11839.41 12958.79 -3698.73 5120.82 8538.50 131406.06
21L X01B -4531.99 13794.50 -3208.27 -3926.11 -1798.08 115020.81
21R X018 -4532.00 3208.27 13794.50' -3926.11 -108007.50 1768.54
22 -4532.00 2629.15 13794.49 -3926.11 -84547.56 -6687.59

23 -4532.00 2050.02 15794.49 -3926.11 -61087.55 -10667.39
-4532.00 1470.90 13794.49 -3926.11 -37627.46 -13573.0724

' -4532.00 891.78 13794.49 -3926.11 56334.58 -15404.6325
26 -4532.00- 312.65 13794.49 -3926.11 85236.56 -16162.06

27 -4532.00 -596.62 13794.49 -3926.11 114138.50 -15845.37
-3926.11 143040.50 -14454.5428 -4532.00 -1175.74 13794.49

' -3926.11 171942.56 -12314.0429 -4532.00 -1754.86 '13794.49
30L XO2A -4532.00 -! ,33.99 13794.50 -3926.11 200844.75 -9370.16

30R X02A -4531.99 -13794.50 -2333.99 -3926.1t. 9170.16 200844.i3

31 11839.40 -12958.79 -2824.45 -7810.04 1541.11 225883.56
32L XO2B 13794.49 -4532.00 -3314.92 -4220.05 -887S.22' 242258.00

.
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PAGE 588
'IMPELL CORPORAT10t4 C-20-Y2 9:37:32
SUPERPIPE VERSION 21E C5/31/90) SYSTEH: IBM-VM/MVS

ADVANCED LICHT HATER REACTOR *** XI Z StAJD, X STAB AT X058
OPTIONAL ROUTING 7 FROH OESI'

16d SFJTDOHN COOLING LINE

3
. LUA0 CASE NG. & INORN), FCRCES AND N0HENTS IN LOCAL COURDINATEC (ColHD. I

RUN SOP DCP AXIAL Y Z XX YY ZZ

GROUP tt1B NAME FORCE FORCE FORCE HONENT N0HENT N0HENT

(LB3 ( LB ) ( LB ) ( LB. FT l i LB.FT l I LP . FT )

RUN1
( CotGD. ) -

-4220.05 242258.00 8876.23
32R X008 13794.50 -3314.92 4532.00
33L XI 15794.50 -3627.16 4532.00 -4220.05 247381.87 11997.87
33R XI 13794.50 .009.96 4532.00 -4220.05 247381.87 11997.87
34L XO3A 13794.50 3497.72 4532.00 -4220.05 252505.75 8320.96
34R XO3A 13794.50 -4531.99 3497.72 -4220.04 -8320.96 252505.75
35 12958.79 11839.40 3007.26 143S.91 -4235.51 250623.81
36L XO33 4532.00 13794.49 2516.79 -2935.16 7117.91 231588.06
36R X038 4532.00 2516.79 -13794.50 -2935.17 231588.06 -7117.91

37L XXI 4532.00 2360.67 -13794.50 -2935.17 223796.62 -8132.54

37R XXI 4532.00 2360.67 -13122.95 -2935.17 223796.62 -8132.5%
38 4532.00 1798.90 -13122.95 -2935.16 197119,75 -11137.71
39 4532.00 1237.13 -13122.95 -2935.16 170442.75 -13132.16
40 4532.00 675.35 -15122.95 -2935.16 143765.69 -14115.88

41 4532.00 -297.56 -13122.95 -2935.16 117088.62 -14088.85

42 4532.00 -859.33 -13122.95 -2935.16 90411.56 -13051.09

43 4532.00 -1421.11 -13122.95 -2935.16 64734.59 -11002.58

44 4532.00 -1982.89 -13122.95 ' -2935.16 37057.54 -8329.8?

45 4532.00 -2544.66 -13122.95 -2935.16 30531.76 -5038.11
46L XO4A 4532.00 -3106.44 -13122.95 -2935.17 25452.41 1207.43
46R XO4A 4532.00 -13122.95 3106.44 -2935.17 1207.42 -25452.41
47 32443.94 -6074.71 3596.91' -5035.30 5204.11 34264.04
48L X040 13122.95 4531.99 4087.37 -8397.94 8585.76 35703.41
48R X048 13122.95 -4087.37 4532.00 .-8397.94 -35703.41 8585.75
49L X2 13122.95 -4425.62 4532.00 -8397.94 -30:52.73 12726.45
49R X2 13122.95 4509.40 4532.00 -8397.94 --30152.73 12726.45
50L XOSA 13122.95 4172.12 4532,00 -8397.94 -24601.54 8076.83
SOR XOSA 13122.95 -4531.99 4171.12 -8597.94 -8076.83 -24601.54
51 12483.94 6074.71 3680.66 -5062.08 -4503.80 -26040.87
52L X058 4532.00 13122.95 3190.20 -2995.97 1474.33 -44000.30

52R X058 4532.00 3190.20 -13122.95 -2995.97 -44003.30 -1674.33

53L 3 4532.00- 2936.50 -13122.95 -2995.97 -56055.45 -4123.84

53R 3 4532.00 2186.54 -13122.95 -2995.97 -56055.45 -4123.84
54L 4 4532.0G 2009.31 -13122.95 -2995.97 -85709.94 -8222.51
54R 4 4532.00 -780.99 -13122.95 -2995.97' -85709.94 -8222.51

-6966.78
55L 5 4532.00 -958.19 -13122.95 -2995.97 -115364.44

' -6966.78
55R 5 4532.00 -1708.19 -13122.95 -2995.97 -115364.44

56L A04A 4532.00 -2041.29 -13122.95- -2995.97 -131182.50 -5224.65

56R A04A 4532.00 -13122.95 2041.29 -2995.97 -6224.64 '131182.50

.
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PAGE 589
1HPELL CORPORATION 8-24-92 9:39:32
SUPEMPIPE VERSION 22E 05/31/C05 SYSTEN: IBM-VM/MVS

ADVANCE 0 LIGHf HATER REACTOR *** X1 Z StJUB, X StfJD AT X053
fMT10NAL ROUTING 7 FROM DESI
b '' SHUTLCHN COULING LINE

*b
LOAD CASE NO. W I HORM ), FORCES AND NOMENTS IN LOCAL COURDINATES (C0f1TD.I

Rt24 SOP OCP AXIAL Y Z XX YY ZZ

GROUP HMD NAME FORCE FORCE FORCE HOMENT HOMENT MOMENT
( LB ) ILB) (LB) ELB.FT) E l B.FT l ( LB . FT )

7.UM1
(CONTD.)

F7 11327.65 -8027.15 2429.57 2884.87 -1989.63 146!37.69

58L A048 13883.28 -4902.10 2817.86 2239.42 4467.11 157309.56
58R A048 13883.28 3653.13 7170.65 2239.42 -152509.56 4467.11

59L 6 13833.28 3320.03 7170.65 2239.42 -143670.56 -2704.66
59R 6 13883.28 2570.03 7173.65 2239.42 -143670.56 -2704.66
60L 7 13883.28 2392.83 7170.65 2239.42 -127474.75 -6901.18

6CR 7 13883.28 -492.05 7170.65 2239.42 -127474.75 -6901.18

61 8 13883.28 -669.25 7170.65 2239.42 -111279.00 -5743.31

RUN2
62 8 13883.28 -1419.24 7170.65 2057.23 -105185.37 -5743.31
63 13883.28 -1821.73 7170.6f 2057.23 -95316.31 -3656.62

64 9 13883.28 -2224.25 7170.65 2057.23 -85447.25 -1051.10

65 13883.28 -2848.70 7170.65 2057.23 -70135.00 4323.87
66L 10 13883.28 .-3473.18 7170.65 2057.23 -54822.86 10336.69
66R 10 13883.28 5739.61 7170.65 2057.23 -54822.86 10336.89
67 13883.28 5426.55 7170.65- 2057.23 -47146.84 5759.41
68 8A 13883.28 5113.50 7173.65 2057.25 -39470.85 1495.79

69L 68 13883.28 .4801.27- 7170.65 2057.23 -31814.74 -5932.06

13883.28 4801227 7170.65 2057.23 31814.74 591\.04 BRANCH AXES

69R 88 14834.21 1680.70 6613.77 -1885.72 -35371.50 -915.53
14834.21 1680.70 6613.27 1885.72 35371.50 913.33 BRANCH AXES

70 BC 14834.21 1368.46 6613.27 -1885.72 -28310.32 -2304.08

71 14834.20 761.22 6613.27 -1885.72 -14577.79 -4114.70

72 14834.20 153.98 6613.27 -1885.72 -845.17 -4744.37
73 14834.20 -584.40 6613.27 -1885,72 12887.44 -4193.08

74 14834.20 -1191,64 6613.27 -1885.72 26620.02 -2471.53
75 P5 14834.21 -1793.89 6613.27 -1865.72 40352.75 452.40
76L P4 14834.21 -1981.02 6613.27 -1885.72 44471.52 1556.38
76R P4 14834.21 1057.24 ~5288.81 -1885.72 .44471.52 1556.38
77 14834.20 543.80 -5288.80 -1885.72 34340.11 119.10
78 14834.20 30.36 -5288.80 -1885.72 24208.66 -569.16
79 14834.20 -511.78 -5288.80 -1885.72 14077.25 -110.C1
80 14834.20 -1025.23 -5288.80 -1885.72 3945.80 1333.18
81 P3 14834.21 -1538.68 -5288.81 -1885.72 -6185.69 3584.64
82L' P2. 14834.21 -1753.35 -5288.81 -1885.72 -10421.81 4814.66
82R P2 0.00 214.68 0.00 0.00 0.00 80.50

83 'P1 0.00 0.00 0.00 0.00 0.00 ,0.00

t
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PAGE 590
1HPELL CORPORATION
SUPERPIPE YERSION 22E 05/31/90s. SYSTEM: IBM-VM/MVS 8-24-92 9:39 32

ADVANCE 0 LIGHT HATE |t REACTOR *** X1 Z SPAJD, X SNUD AT X058
OPTIONAL ROUTING 7 FROM DESI
16" SHUTOCHN COULING LINE

9
LOA 0 CASE NO. 9 ttCRM), FORCES AND NOMENTS IN LOCAL COUR0INATES (CONTO. I

RUN $0P DCP AXIAL Y Z XX YY ZZ
GRCUP tits NAME FORCE FORCE FCRCE MOMENT NOMEffT NOMENT

ALB) (LB) (LB) -(L8.FT) (LB.FT) ( LB . FT )

RUN3
84 88 3127.53 -1079.62 -222.13 3556.78 5748.12 4666.87

950.92 3127.53 557.38 3942.95 3556.78 6266.87 BRANCH AXES

85 11 2995.67 -1079.62 -222.13 355o.78 5529.17 5737.68

86- 2741.a4 -1079.62 -222.13 3556.78 5106.86 7803.04
87 2487.00 -1079.62 -222.13 3556.78 46B4.54 986C.42
88 12 2232.67 -1079.62 -222.13 3E56.78 4262.23 11933.80a

89L 13 2194.57 -1079.62 -222.13 3556.78 4026.06 13088.80

89R 13 950.92 1994.57 -557.38 1583.22 3556.78 13688.32
90 14 950.92 1956.47 -557.36 1583.22 2961.88 11652.52
91 950 92 1694.42 -557.38 1585.21 1865.82 8178.19
92 950.92 1432.37 -557.38 1583.21 900.41 5186.65
93 950.92 1170.32 -557.38 1583.21 756.18 -2991.25

94 950.92 903.27 -557.38 1583.21- -1534.63 -3123.17

95 950,9? 646.2) -557.38 1583.21 -2518.46 -2772.27

96 950.92 -584.10 -557.38 .1533.21 -3614.53 -1955.19

97 950.92 -846.15 -557.38 1583.21 -4710.60 -2528.79

98 950.92 -1108.20 -557.38 1583.21 -5806.67 -2623.42

99L B01A 950.92 -1370.20 -557.38 1583.22 -6902.75 3459.55

992 B01A 950.92 -557.38 -1706.59 1583.21 3459.55 6902.75

100L 8018 920.48 606.33 -1508.78 2823.95 -1671.07 6860.14

100R B018 920.48 1508.78 606.34 2823.95 -6860.14 -1671.07
-5667.54 -2947.13101 ' 920.48 1247.70 606.34 2873.95

'

102 920.48 986.63 606.34 2823.95 -4474.93 '-3743.97

103 920.48 725.56 606.34 2823.95 -3282.32 ' -5001.73
104 920.48 464.48 606.3'+ 2823.95 -2089.71 -6093.23

105 9ED.48 -439.65 606.34 2823.95' -897.10 -6705.52
106 920.48 -700.73 606.34 2823.95 686.58 -6638.57

107 920.48 -961.80 606.34 2823.95 1488.12 -6492.40

'108 920.48 -1222.88 606.34 2823.95 2680.73 -5667.00

109 920.48 -1483.95 606.34 2823.95' 3873.33 -4362.37
110 920.48 -1745.03 606.34 2823.95 5065.95 7133.44
111L 802A 920.48 -2006.11 606.34 2823.95 6258.57 10649.67
111R 802A 920.48 -600.33 565.59 2823.96 -10649.67 6258.57

112L B028 606.34 920.48 -340.96 10077.37 3396.25 5841.08

112R 8028 606.34 -340.96 -920.48 10077.37 5841.08 -3396.26

113 606.34 -625.42 -920.48 10077.37 3873.67 -3748.22

114L B03A- 606.34 -909.88 -920.48 10077.37 1906.26 -3531.26

114R B03A 606.33 3261.19 -920.48 10077.37 1906.27 -3531.26

115L 3038 ~2981.93 606.33 -920.48 -905.22 8847.73 -5190.47

,
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PAGE 511
-IMPELt. CORPORATION 8-24-92 9:39:32
SUPES.P2PE VERSItN ' 22E 05/31/50s ' SYSTEM: IBH-Wi/MVS

ADV M ED LIGHT HATER REACTc9 *** X1 Z StJUb, X StJUB AT D ES
OPTIt#4AL ROUTItG 7 FROM DESI
16** SHUTDOHN COULItG LINE

b
LOAD CASE NO. 3D (NORM), FORCES ANO t10MENTS IN LOCAL COURDIllATES ICatfTD. )

RLR SCP DCP AXIAL Y Z XX YY ZZ

- GROUP P1MB NAME FORCE FORCE FCPCE 50MEMT NOMENT ttITENT
(LB) (LB) ( LB ) ILB.FT) (LB.FT) (LB.FT)

-RUN3
(CONTD.)

115R B038 -2981.93 -1074. 222.13 -905.23 -9926.52 -2586.07

116 -2711.30 -1079.66 222.17 -905.23 -9677.14 -941.44
137 -2440.67 -1079.62 222.L -905.23 -9027.77 1809.36
118 -2170.03 -1079.62 222.13 -905.23 -8578.39 4007.07
119 -1899.40 -1079.62 222.13 -905.25 -8129.02 6204.79
120 -1628.77 -1079.62' 222.13 -905.23 -7679.64 8402.51

121L 14S -1358.14 -1079.62 222.13 -905.23 -7230.27 10600.24
121R 143 -1558.14 -1079.62 -361.76 -905.23 -7230.27 10600.24

-1079.62 -361.76 -905.23 -7665.03 11899.62122 -1198.13
' -1079.62 -361.76 -905.23 -3099.80 13199.00123L B04A 1262.35

123R B04A 1262.35 -1019.21 507.60 -905.23 3605.67 15060.52
124L B048 1019.21 1541.61 50'.60 -4284.97 .-688.42 14491.22
124R B048 1019.21 -1541.61 'J37.60 -4284.97 688.42 -14491.22

125 1019.21 -1824.38 -507.60 -4284.97 -1083.09 -30860.08

'126 1019.21 -2107.15 -E07.60 - -4284.97 -2163.51 -6666.77

127- -1019.21 -2389.91 -507.60 -4284.97 -3243.93 -2506.50

Ita 1019,21 -2672.68 -507.60 -4284.97 -4324.35 3406.38
129L B05A 1019.21 -2955.45 -507.60 -4284.97 -5404.78 9286.24

129R 805A 1019.21 -507.60 2955.45 -4284.97 9286.24 5404.73
130L BOSS. 1079.62. 361.76 3095.08, -10756.41 6337.19 5486.06
13CR B05B 1079.62 -3095.08 361.76 -10756.41 -5486.c6 6337.19
131L ISS 1079.62 -3305.90 361.76 -10756.41 -4913.23- 11293.68
131R ISS 1079.62 -1293.89 361.76 -10756.41 -4913.23 11293.68
132 1079.62 -1565.63 361.76 -10756.41 -4174.88 14288.12
133 1079.62 -1837.37 361.76' -10756.41 -3436.52 17801.77
134 1079.62 -2109.12 361.76 -10756.41 -2698.16 21834.60
135 1079.62 -2380.86 361.76 -10756.41 -1959.80 20386.60
136 1079.62 -2652.60 '361.76 -10756.41 -1221.44 31457.77

'137L B06A :1079.62 -2924.34 361.76 -10756.41 -483.07 37048.20

137R B06A 1079.62 4060.19- 361.76 -10756.41 -483.08 37048.20
30703.76.'138L B06B -3780.93 1079.62 361.76 -0 01 -10273.34

' -30703.76138R B06B -3780.93 -1079.62 '-361.76 0.00 10273.34
139 -3510.86 .-1079.62 -361.76 0.00 9539.54 -28510.64

140 -3240.80' -1079.62 -361.76 0.00 8805.73 -26317.53

141 -2970.73 -1079.62 -361.76 0.00 8071.91 -24124.374

142 -2700.66 -1079.62 -361.76 0.00 7338.11 -21931.25
143 -2430.60 -1079.62- -361.76 0.00- 6604.30 -19738.16
144 -2160.53 -1079.62 -361.76' O.00 5870.48 -17545.04

1

i
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PAGE 502
-ItrELL CORPORATION 8-24-92 9:39:32
SUPEaPIPE VERSION 22E 05/31/905 SYSTEN: IBM-VM/MVS

ADVAt4CED LICHT HATER REACTOR *** X1 Z SNUB, X SNUS AT XO5B
CPTIONAL RotJTING 7 FRai DESI
16" SHUTDON C00 LING LINE

3
LOAD CASE HC. 3D INORM), FORCES AND HOMEtRS IN LOCAL COURDINATES (CONTD. )

RtK4 SCP OCP AXIAL Y Z XX YY ZZ

GRCUP HMS NAME FORCE FORCC FORCE HOMENT N0HENT HOMENT
ILB) (LD) (LB) ILB.FT) ILB.FT) ILB.FT!

RUN3
(CONTD.)

145 -1890.47 -1079.62 -361.76 0.00 5136.68 -15351.91
146 -1620.40 -1079.62 -361.76 0.00 44G2.87 -13158.79
147 -1350.33 -1079.62 -361.76 0.00 3669.06 -10965.66
148 -1080.27 -1079.62 -361.76 0.00 2935.25 -8772.53

149 -810.20 -1079.62 -361.76 0.00 2201.44 -6579.41

150 -540.14 -1079.62 -361.76 0.00 1467.63 -4386.28

151 -270.07 .-1079.62 -361.76 0.00 733.82 -2193.16

152 15 0.00 -1079.62 -361.76 0.00 0.00 0.00

HMBS
15 P4 0.00 -3312.26 11902.09 0.00 0.00 0.00

PC 0.00 -4722.75 11902.09 0.00 41657.29 14061.27
16 PC 0.00 -4996.75 11902.09 0.00 41657.29 14061.27

PD 0.00 -5689.42 11902.09 0.00 62114.59 23244.96
17 PS -14834.41 4274.45 -5236.37 1746.57 25427.94' 10051.02

PA -14834.21 2763.21 -5236.37 1746.57 5791.57 -3149.30

18 PA -14834.21 2270.28 5288.81 1746.57 5791.57 -3149.30

P2 -14834.21 1968.03 5288.81 1746.57 9758.18 -4734.23
19 4 1000.00 0.00 0.00 0.00 0.00 0.00

CP4 1000.00 0.00 0.00 0.00 0.00 0.00

20 7 2000.00 0.00 0.00 0.00 0.00 0.002

CPT 1000.00 0.00 0.00 0.00 0.00 0.00

e
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T 4ei PAGE 671
IMPELL CORPORATION

. 05/31/90s -~ SYSTEtt:. IBM-VM/tfM ,i

-

8-24-?2 9:39:32.

SUPERPIPE.. VERSION 22E
,

!' ADVANCED LIGHT HATER REACTOR m XI Z SMJB, X StA.S AT X058 . . ,

OPT 10tML ROUTING 7 FROM DESI 1

I .16" SIMTDolf4 COULIt4G LIFE j
I Jb

f ~. LOAD CASE PC. $ (SSST I,- FORCES AND t10HENTS IN LOCAL COURDINATES

RUN SCP - ' DCP AXIAL -Y Z. XX YY ZZ
'

i
'

tt1B .NAME FORCE- FORCE FORCE HOMENT 'HOMENT NOMENT
' GROUP.i

( LS I (L81 - ( LB 5 (L8.FT) (LB.FT) ( LB.FT ) '
-

. i

.
- '

l' PUN 1 ,3499.73 49751.70 19597.77 31899.86.
.

| 1 1 498.43 .5826.17
l- 2 . 2 498.43 5826.17 3499.73 49751.70 12920.72 21152.38
j. 13 2A' 498.43, 5826.17- 3499.73 49751.70 8682.28 14355.04 ,

.

4L A01A 498.43 5826.17 3499.73 49751.70 7860.85 13042.93 !

i 4R A01A- 498.43 3562.85 5697.39 .49751.70- 10913.90' 10585.97
;- 5 2608.38 2562.40 5697.39 -33221.44 33593.77 6773.46

.

6L-A010 3562.85' 498.43- 5697.39 6167.30 39909.71 6646.50 .|
.' 6R A01B 3562.85 ' 498.43- 5697.39 6167.29 39909.71 6646.50-4

1: 7 3562.84 "*98.43< 5697.39 6167.29 34666.36 5815.09
98.43- 5697.39 .6167.29 31263.27 4991.504L 8 3562.84

i '9 3562.84 498.43- 5697.39- 6167.29' 29484.01 4180.64

I J10L A1A 3562.85 498.43 S697.39 6167.29 29966.00 3392.41
a 10R -AIA 3562.85 75697.39 ,498.43. '6167.29 3392.41 29966.00

11 ~ '4766.61' 4357.72 498.43' :4278.97 5166.10- 30496.93"

12L A18 5826.16- 3499.73 498.43 '2155.69 5887.03 29624.17
I 12RL A18' '5P26.17 498.43 3499.73- 2155.69 -29624.17 5887.03

| '13 ' 5826.16. 498.43' 3499.75 2155.69' 27183.21 4972.94.

14 - 5826.16 L498.43 3499.73 2155.69. .26141.71 4067.99 '

[ '15. 5826.16 498.43 3499.73. 21o5.69 26457.20 3179.97.
, 16 - 5826.16 : 498.43 3499.73 2155.69 27901.94 2328.42

i 17 '5826.16 498.43 "3499.73 2155.69 30195.88: .1574.68 t

{. 19L X01A..
:5826.16 -498.43 3499.73 2155.69 33092.41- 1139.75- F18 '

5826.17L 498.45- 3499.73 2155.69 37118.47' 1364.95;+ '

- -.19R X01A 5826.16: '3499.73 132.57 '2155.69 1364.95 37118.47
20 '5156.70 4046.19 '132.57' 1527.17 1913.11 39973.05 -

.21L XO1B 3499.73- '5826.16 132.57- 1192.30 1918.34- 38791.73
. 21R X018 '3499.73 132.57 5826.17 1192.30 :38791.73 1918.34

22 :3499.73- 132.57' 5826.16 -1192.30. .35663.60 1707.79* >

i 23 '3499.73 132.57- 5826.16 1192.30- 34039.94: 1512.411 i
f ' 24 ' 3499.73 132.57' 5826.16 1192.30s 34535.63 1334.55-
4- J 25 '3499.73 '132.57 5826.le- 1192.30f 37208.20. 1177.73
2 26 '3499.73' 132.57' '5826.16- 1192.30 41788.72 1050.60

f? 27 3499.73 '132.57.- '.5826.16 1192.30 48514.88- 965.77"
3 28 3499.73. 132.57 Fe?6.16 - 1192.30 57238.45 936.50
. 29 3499.73 132.57 GC: k.16 : -1192.30 '66937.56 969.67

10L'X02A 3499.73' 132.57' $';c6.17 ' - 1192.30 77051.56- . 1060.63"

'30R XD2A 3499.75 5826.16- 132.57 '1192.30 1060.63 .77051.56

31 . !5156.70 4046.19 :132.57- 1583.39 212.50 84836.50,

4-' 32L X028 5826.16 3499.73; 132.57. 1208.89 1057.30 80063.23;

,
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PAGE 672IMPELL CORPORATISH
SUPERPIPE VERS 10N 22E 05/31/90s SYSTEH: IBM-VM/MVS 8-24-92 9:39 32

ADVANCED LICHT HATER REACTOR wu XI Z S!PJ3, X STAB AT XO5B
OPTIONAL ROUTING 7 FRcM DESI
16" SHtfTDOHN COOLING LINE

4
LU.*.D CASE NO. as (SSST;., FORCES AND HOMENTS IN LOCAL COURDINATES (COPTTD. )

CtM SUP DCP AXIAL Y Z XX YY Z2
CROUP MMS NAME FORCE FORCE FORCE MOMEN7 HCHENT N0hENT

tLB) (LB) (LB) (LB.rT) ( LB . FT ) (LB.FT)

RUN1
(CONTO.)

32R X02B 5826.17 132.57 3499.73 1208.89 88063.25 1057.30
33L XI 5826.17 132.57 3499.73 1203.89 88245.00 1009.79
33R X1 5826.17 76.86 58378.33 1208.89 88245.00 1009.79
34L XO3A 5826.17 76.86 58378.33 1208.89 29927.41 938.40

34R XO3A 5826.13 58378.30 76.86 1208.89 938.40 29927.41
35 38165.62 45078.40 76.86 441.40 1329.17 68450.12
36L XO3B 58378.30 5826.20 76.86 796.32 1060.76 105607.06
36R XO3G 58378.33 76.86 5826.17- 798.32 105607.06 1060.76
3 7L XXI 58378.33 76.86 5826.17 798.32 107261.94 1023.87
37R XX1 58378.33 76.86 11180.72 798.32 107261.94 1023.87
38 58378.30 76.86 11180.72 798.32 87181.94 891.60
39 58378.30 76.86 11180.72 798.32 67104.81 760.19
40 58378.50 76.86 11180.72 798.32 47032.21 629.79

41 58378.30 76.86 11180.72 798.32 26969.02 500.67
42 58378.30 76.86 11180.72 798.32 7959.13 373.71
43 58378.30 76.86 11180.72 798.32 :19692.n2 254.00
44 58378.30 7(.86 11180.72 798.32 39572.27 200.02

45 58378.30 '6 86 11180.72 798.32 59487.35 243.79
46L XO4A 58378.33 . i.86 11180.72 793.12 79411.37 327.75

46R XO4A 58378.31 11190.66 76.86 798 32 327.75 79411.37
47 49110.05 33452.91 76.86 830.30 282.89 60923.94
48L X048 11180.74 58378.30 76.86 471.53 663.65 16875.58
48R XO4B 11180.72 76.86 58378.33 471.53 16875.58 663.65

49L X2 11180.72 76.80 58378.33 471.53 78626.37 594.31
49R X2 11180.72 109.93 58378.33 471.53 78626.37 594.31
50L XOSA 11180.72 109.93 58378.33 471.53 141823.12 649.79

50R XOSA 11180.74 58378.30 109.93 471.53 649.79 141823.12
51 49110.05 33452.89 109.93 824.76 254.18 217880.62
52L X35G 58378.31 11180.66 109.93 797.00 373.08 236429.62
52R X058 58378.33 109.93 56989.62 797.00 236429.62 373.08
53 3 58378.33 109.93 56?89.62 797.00 190602.25 370.20
54 4 58378.33 109.93 56989.62 797.00 80209.12 404.89
55 5 58378.33 109.93 56989.62 797.00 51311.94 456.01
56L A04A 58378.33 109.93 56989.62 797.00 105008.56 487.84
56R A04A 58378.30 56989.57 109.93 797.00 487.84 105008.56
57 60431.87 13782.11 109.93 -668.57 912.77 149099.62
58L A048 72576.75 37264.51 109.93 620.73 1045.77 137004.62
58R A04B 72576.75 941.11 8052.62 620.73 137004.62 1045.77

,
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PAGE 673.IMPELL CORPORATICH
SUPERPIPE VERSION 22E 05/31/905 SYSTEN: IBf1-VM/FYS 8-24-92 9:39:32

ADVANCED LIGHT HATER REACTOR *** XI Z SNUD, X SNUD AT XOSB
CPTIONAL ROUTING 7 FRCH OESI
16** SHUT 00NN COULING LINE

+
LDAD CASE NO.115 ISSST), FORCES 714D NOMENTS IN LOCAL CCCRDINATES (CONTD. )

RUN SDP DCP AXIAL Y Z XX YY ZZ
GROUP NMB NAME FORCE FORCE FORCE NOMENT NOMEW. NOMENT

( LB I - I LB ) (LB) ILB.FT) (LB.FT) (LB.FT)

RUM 1
( CGMTO. )

59 6 72576.75 941.11 8052.62 620.73 128583.25 1322.32
60 7 72576.75 941.11 8052.62 620.75 112864.37 2910.10
61 8 72576.75 941.11 8052.62 610.73 97272.00 4552.84

RUN2
62 8 72576.73 941.11 8052.62 620.73 97272.00 4F52.84
63 72576.75 941.11 8052.61 620.73 87321.06 5615.46
64 9 72576.75 941.11 8052.62 620.73 77482.94 6679.23
65 72576.75 941.11 8052.61 620.73 62566.47 8330.84
66L 10 72576.75 941.11 8052.62 620.73 48418.00 10180.16
66R 13 72576.75 1561.00 8052.62 620.73 48418.00 10180.16
67 72576.75 1561.00 8052.61 620.75 41861.15 8616.26
68 8A 72575.75 1561.00 8052.62 620.73 35927.45 7052.87
69L 88 72576.75 1561.00 8052.62 620.73 30988.20 5494.50

72576.69 1561.00 8052.62 620.73 30968.20 5494.50 BRANCH AXES
69R 6B 72699.12 1505.04 7926.71 577.22 31599.47 6489.79

72699.12 1505.04 7926.70 577.22 31599.47 6489.79 BRANCH AXES
70 BC 72699.12 1505.04 7926.71 577.22 27263.51 4985.87
71 72699,06 1505.04 7926.70 577.22 24629.62 2065.76

72 72699.06 1505.04 -7926.70 577.22 30729.19 959.72

73 72699.06 1505.04 7926.70 577.22 41931.81 38:4 83
74 72699.06 1505.04 7926.70 577.22 55205.68 6730.32

75 PS 72699.12 1505.04 7926.71 '577.22 69370.75 9656.28
76L P4 72699.12 1505.04 -7926.71 577.22 73717.06 10533.96
76R P4 7269's.12 1345.60 9594.82 577.22 73717.06 10533.96
77. 72699.06 1345.59 9594.81 577.22 56508.86 8120.30
78 72699.06 1345.59 9594.81 577.22 39302.80 5706.63

79 72699.06 1365.59 9594.81 577.22 22104.05- 3292.97
80 726?9.06 1345.59 9594.81 577.22 4989.05 879.37
81 P3 72699.12 1345.60 9594.82 577.22 12394.25 1534.48
82L P2 72699.12 1345.60 9594.82 577.22 19572.32 2543.65
82R P2 0.00 0.00 0.00 0.00 0.00 0.00

83 P1 0.00 'O.00 0.00 0.00 0.00 0.00

RUN3
84 8B 63.14 155.23 106.02 3985.37 836.02 1240.01

112.92 63.14 150.29 393.07 3985.37 1442.93 BRANCH AXES
85 11 63.14 155.23 106.02 3985.37 748.94 1147.14

,
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PAGE 674
1MPELL CORPORATION - 8-24-92 9:39:32
" SUPEF.2Pl?E - VERSION 22E: 05/31/90s S73 TEM: IBM-VM/MVS-

ADVANCED LIGHT HATEE REACTOR *** XI Z SNUB, X $ NUB AT XO5B -|

OPTIONAL ROUTING 7 FROM DESI
16" SHUTD0>94 COULING LINE

A*
LOAD C8',E tc. 45 ISSST), FORCES AND MOHLNTS IN LOCAL COURDINATES (CONTD. )

RUN. SDP DCP AXIAL Y Z| XX YY ZZ

GROUP '19 5 NAME . FORCE FORCE FORCE MOMENT MOMENT Mm1Efff

ILB) ELB) (LBP ILB.FT) ( LB. FT ) ( LB.FT I

RtM3
'(CONTD.)

86 63.14 155.23 -106.02 3985.37 591.25 1002.71

. 87 63.14 255.23 106.02 3985.37 459.20 921.51

~88~ 12 63.14 155.23 106.02 3985.37 - 301.72 920.47
63.14 -155.23. ~ 106.02 3985.37 376.59 955.75'

- 89L 13-
. 139.35 -63.14 .126.14 92.49 '3985.37 1020.52

89R 13
90 ' 14 139.35. 63.14 -126.14 . 92.49 3870.91 957.96-

91. 139.35 ,63.14 126.14 92.49 3662.02 842.91

92 139.35 63.14 126.14, 92.49 3456.14 .728.27

93 .139.35' 63,14 126.14 92.49 3253.83" 614.27

94 139.35-- 63.14 ~ -126.14- 92.49 3055.80 501.93

: 95 139.35- 63.14 126.14 92.49 2862.94 392.(4

I- 96 .139.35 63.14 .126.14 92.49 2676.36 287.66

(' 97 139.35 . 63.14 -- 126.14 92.49 2497.48 - '193.99 .
2328.06 158.46,

<1 98 .- : 139.35 _63.14 126.14' '92.49 .
- 2170.32.' '167.23

99*. B01A 139.35. 63.14 .126.14 92.49
'99R BOIA 139.35 ,126.14 .46.58 92.49 4 167.23 - 2170.32,

200L B018. '152.19 110.36' 46.58 141,18 86.68 2043.01

.10rR BOIS 152.19 46.58 110.36 141.18 2043.01 - 86.68-

Ibi 152.19 46.58 110.36 .241.18' 1896.33- 149.69

102 '152.19' 46.58: .110.36 . 141.18- 1760.76 226.41

103- ~152.19 46.58. 110.36 141.18 1639.08 306.17

104 :152.19 46.58- 110.36 141.18 IF34.60 : 387.01

J105 152.19 '46.58 ,110.36 141.18 1451.031 -^68.36

'106 152.19 46.58 110.36 141.18 1392.14 549.98-

107 '152.19 46.58 110.36 141.18 1361.14 631.78~

108 152.19. 46.58 110.36 141.18 1359.92 .713.71'
109 152.19 46.58.' -110.36 141.18 - 1388.58. 795.91'

110 152.19. 46.58~ 110.36 141.18 1445.31 879.98

111L B02A- 152,19 46.58- ~110.36 141.18" 1527.00 - 965.19

;111R B02A 152.19- .110.36 177.53 141.18 965.19 1527.00-

112L B028- 110.36 | 152.17 - .177.53- 1085.21 165.00- 1407.59

112R 8028- 110.36- >177.53 -152,19' 1085.21 '1407.59. 165.00~

113 110.36 :177.53 152.19 |1085.21 .1109.89 491.81-

114L B"3A.- 110.36 177.53' 152.19' 1085.21 817.28 841.10'

114R B03A 110.36' 93.45 157.19 - 1085.21 817.28 -841.10-

l' .115L B038 93.45 110.36: 152 19 639.80 .895.78' 813.44-
' 115R B038- 93 > 155.23- 106.02.. 639.80 '612.74 ''1043.07

116 .,93. 5 '155.13 '106.02 639.80 425.38 749.13

.

.
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PAGE 675IMPELL CORPORATIO4
SUPERPIPE VERSION 22E 05/31/90 SYSTEM: IBM-VM/MVS 8-24-92 9:39:32

ADVANCED LIGHT HATER REACTOR *** XI Z SNUB, X SifJB AT X058
-OPTIONAL ROUTING 7 FROM DESI
16" SHUT 0 GIN C00 LING LINE

4
LUA0 CASE PRI. SW ISSST ), FORCES AND MOMENTS IN LOCAL COURDINATES (CONTO. )

RtU SDP DCP AXIAL Y Z XX YY ZZ
GROUP M1B NAME F0ECE FCRCE FORCE HJ1Et# NOMEtn N@iENT

ILB) I LB ) ( LB ) (LB.FTl ILD.FT) ILB.FT)

RtH3
(CGN70.)

117 93.45 155.23 106.02 639.80 269.47 457.03
118 93.45 155.23 106.02 639.80 1*0.14 176.29

119 93.45 155.23 106.02 639.80 29i.91 166.51
120 93.45 155.23 106.02 639.80 465.63 445.97
121L 14S 93.45 155.23' 106.02 639.80 655.16 737.93
121R 145 -93.45 155.23 28.30 639.80 655.16 737.93
122 93.45 155.23 28.30 639.80 638.81 911.59

123L B04A 93.45 155.23 28.30 639.80 623.65 1085.56
123R B04A 93.45 129.73 89.83 639.80 1D42.44 692.57
124 8048 12*.73 93.45 89.83 1150.84 527.81 715.20

125 129.73 93.45 89.83 1150.84 350.03 F45.89
126 129.73 93.45 89.83 1150.84 1/3.68 391.63

127 129.73 93.45 89.83 1150.84 40.13 270.08
128 129.73 93.45 89.83 1150.84 193.37 264.84
129L POSA 129.73 93.45 89.83 1150.04 370.13 363.45
129R b75A 129.73 89.83 93.45 1150.84 363.45 370.13
130L B058 155.23 28.30 93.45 787.73 924.99 401.76

130R 8058 155.23 93.45 28.30 787.73 401.76 924.99

131L ISS 155.23 93.45 28.30 787.73 359.81 925.88
,131R 15S 155.23 438.07 28.30 787.7s 359.81 925.80

132 155.23 438.07 28.30 787.75 305.74 567.55
133 155.23 438.07 28.30 787.73 251.67 1090.48
134 155.23 438.07 28.30 787.73 197.60 1859.41

135 155.23 438.07 28.30 787.73 143.52 2669.57
136 155.23 438.07 28.30 787.73 89.45 3492.40
137L 806A 155.23 438.07 28.30 787.73 35.38 4320.66
137R B064 155.23 0.00 28.30 787.73 35.33. 4320.66
138 8068 0.00 155.25 28.30 0.00 752.35 4126.62
139 0.00 155.23 28.30 0.00 698.61 3831.86
140 0.00- 155.23 28.30 0.00 644.88 3537.10
141 0.00 155.23 28.30 0.00 591.14 3242.35
142 0.00 '155.23 28.30 0.00 537.40 2947.59
143 0.00 155.23 28.30 0.00 683.66 2652.83
144 0.00 155.23 28.30 0.00 429.92 2358.07
145 0.00 155.23 28.30 0.00 376.18 2063.31
146 0.00 155.23' 28.30 0.00 322.44 1768.56
147 0.00 155.23 28.30 0.00 268.70 1473.80
148 0.00 175.23 28.30 0.00 214.96 1179.04
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PACE 692
IMPFLL CORPORATION
SUPERP1PE VERSION 22E 05/31/90s SYSTEM: IBM-VM/MYS 8-24-92 9:39:32

ADVANCED LIOHT HATE.2 REACTOR ps XI 2 SPAJB, X StAJB AT X058
OPTIONAL ROUTING 7 FROM DE7*
16** SHUTD0Fti COULING LINE

b
LUAD CASE tKl. 35 (SSTI), FORCES AND HOMENTS IN LOCAL COURDINATES

RUN SOP DCP AXIAL Y Z XX YY ZZ'

GROUP tt1B NAt1E FORCE FORCE FORCE NOMENT HDHENT N0HENT

( LB ) (LD) (LB) ( LB . F T ) ( LB. FT ) (LB.FT)

RUN1
1 1 14476.73 23139.97 9975.21 89805.62 103069.50 120449.44
2L 2 14476.75 23139.97 9975.21 89S05.62 91841.75 75268.25
2R 2' 14383.50 23077.86 9690.14 89805.62 91841.75 75268.25
3L 2A 14383.50 23079.86 9690.14 89805.62 86182.94 46428.70

3R 2A 14283.15 23006.88 9348.11 89805.62 86182.94 46428.70

4L A01A 14283.15 23006.88 9348.11 89305.62 85237.81 40918.99
4R A01A 14114.23 16132.26 18428.73 89605.62 li460.57 86854.44
5 15123.27 15123.27 13428.71 57S35.57 45381.78 69459.25

6L A018 16132.26 14114.28 18428.73 25265.42 53303.09 52064.07
6R A018 14601.48 12793.14 17377.59 25265.42 53303.09 52064.07'

7 14601.48 12793.14 17377.58 25265.40 56493.13 48412.07
8 14601.48 12793.14 17377.58 25265.40 59683.17 44760.07
9 146C1.48 12793.14 17377.58 25265.40 62873.24 41108.08e

10L A1A 14601.48 12793.14 17377.59 25265.42 66063.31 37456.10
10A A1A 13470.26 13328.39 6214.83 25265.42 37456.10 66063.31
11 15757.22 9558.12 6214.82 26499.80 43583.18 71277.75
12L A1B . 18044.19 5787.86 6214.83 27734.17 49710.27 76492.19
12R A1B 14218.92- 1948.86 6649.07 27734.17 76492.19 49710.27
13 14218.92 1948.86 6649.07 27734.15 65210.27 48127.04

i' 14 14218.92 1948.86 6649.07 27734.15 53928.31 46543.83

15 14218.92 1948.86 6649.07 27734.15 42646.39 44960.64

16 8526.34 7842.21 8955.50 27734.15 35056.68 40832.71
17 8526.34 7842.21 8955.50 27734.15 31159.30 34160.08

18 8526.34- 7842.21 8955.50 27734.15 27261.90 27487.45
19L X01A 8526.34 7842.21- 8955.50 27734.17 23364.52 20814.81
19R XO1A 4803.47 9565.14 7338.87 27734.17 20814.81 23364.52
20 7184.30 7184.30 7338.87 25772.24 24214.80 35765.93
21L X018 9565.14 4803.47 7338.87 23810.34 27614.83 48167.38
21R X018 10514.11 5533.55 3086.03 23810.34 48167.38 27614.83

22 10514.11 5533.55 3086.03 23810.32 45662.10 32801.88
23 10514.11 5533.55 3086.03 23810.32 4515% 85 37988.9e
24 10514.11 5533.55 3086.03 23810.32 43648.56 43176.09

25 10514.11 5533.55 3086.03 23810.32 42147 te 48363.18

26 13023.25 5383.76 7550.32 23810.32 40593.96 47515.71
27 13023.25 5383.76 7550.32 23810.32 39021,5S 40653.65
28 13023.25 5383.76 7550.32 23810.32 37443,16 33751.61
29 . 13023.25 .5383.76 7550.32 23810.32 35864 3 26869.55
30L XO2A 13023.25 5383.76 7550.32 23C10.34 34286. & 19987.48
30R XO2A 15268.90 8801.50 7816.04 23810.34 19987.48 34286.36

t
3

f

1
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PAGE 453
IMPELL CORPORATIGH 8-24-92 9:39:32
SUPERPIFE VECSION 22E 05/31/90s SYSTEM: IBM-VM/MVS

ADVANCE 0 LIGHT HATER REACTOR m** X1 Z StAJB, X SNUB AT X058

OPTIONAL ROUTING 7 FROM DESI
16" SHLITD0l#4 C00 LING LINE

5
LOAD CASE NO. ad (SSTI), FORCES AND NOMENTS IN LOCAL COURDINATES ICONTD. )

RUN SUP DCP AXIAL Y Z XX YY ZZ

GRCUP tt1D NAffE FORCE TORCE TORCE N0HENT HOMENT HOMENT
(LB) (LB) (LB) ( LB . FT ) ILB.FT) ( LB. FT )

RUN1
(CONTD.)

31 12035.20 12035.20 7816.04 21736.37 18310.28 32381.64
32L X028 8801.50 15268.90 7816.04 19662.43 16633.07 30476.93
32R XC2B 9216.23 8302.40 16058.97 19662.43 30476.93 16633.07
33L XI 9216.23 8302.40 16058.97 19662.43 30572.14 17910.31
33R X1 9451.91 9580.89 12310.24 19662.43 30572.14 17910.31
34L XO3A 9451.91 9580.89 12319.24 19662.43 233?1.33 15151.06
34R XO3A 10006.35 11288.34 9'+92.00 19662.43 15151.06 23371.33
35 1J647. 34 10647.34 8992.00 21769.51 18901.52 22746.68
36L X038 11288.34 10006.35 8992.00 23876.63 22651.93 22172 08
36R XO3B 10268.75 7523.29 10404.86 23876.63 22172.08 22651 L
37L XXI 10268.75 7523.29 10404.86 23876.63 23784.20 24715.37
37R XXI 7923.51 4424.92 3909.39 23876.63 23784.20 24715.3T
38 7924.51 4424.92 3909.39 23876.61 25546.87 29992.48
39 7923.51 4424.92 3909.39 23876.61 27309.55 35269.59
40 7923.51 4424.92 3909.39 23876.61 29072.23 40546.71

41 7923.51 4424.92 3909.39 23876.61 30634.90 45823.84

42 4202.17 6557.94 3272.45 ~23876.61 29535.67 43975.37
43 4202.17 6557.94 3272.45 23S76.61 25174.48 35001.18
44 4202.17 6557.94 3272.45- 23876.61 20813.29 26027.00
45 4202.17 v557.94 3272.45 23876.61 16452.09 17052.64
46L XO4A 4202.17 6557.94 3272.45 23876.63 12090.89 8078.64
46R XO4A 3742.51 5415.E4 9341.09 23876.63 8078.64 12090.89
47 4579.02 4579.02 9841.09 23255.29 10827.38 10267.23
48L X048 5415.54 3742.F1 9841.09 22633.97 13576.12 8443.59
48R XO4B 6052.61 10607.16 4527.67 22633.97 8443.59 13576.12
49L X2 6052.61 10607.16 4527.67 22633.97 6717.43 '17953.18
49R X2 6399,01 11201.16 4955.91 22633.97 6717.43 17953.18
50L X05A 6399.01 11201.16 4955.91 22633.97 8255.48 17074.32
503 X05A 7103.60 5800.80 10273.14 22633.97 17074.32 8255.48
51 6452.20 6452.20 10273.14 26371.22 22476.95 15411.91
52L X05B 5800.80 7103.60 10273.14 30108.50 27879.56 22568.34
52R XO58 6599.14 8978.69 9536.28 30108.50 22568.34 27879.56
53L 3 6599.14 8978.69 9530.28 30108.50 70255.82 32325.73
SIR 3 -8025.77 7462.82 8944.26 30?08.50 20255.82 52325.73
54L 4 8025.77 7462.82 8944.26 30108.50 24710.27 42659.18

54R 4 12488.19 6873.66 8862.06 45453.43 24710.27 '37882.51

55L 5 12488.19 6873.66 8862.06 45453.43 36729.82 43059.64
SSR 5 14207.49 7753.96 8796.78 45453.43 36729.82 43059.64

!
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PAGE 694
' INPELL CORPORATION 8-24-92 9:39:I2

_ . SUPERPIPE YERSION 22E 05/31/90s . SYSTEN: IBM-VH/HYS
ADVANCED LICHT HATER REACTOR *** XI Z SNUB, X SNUB AT X058
OPTIONAL ROUTING 7 FRCH DESI
16" SHUTDOR4 CCutING LINE

5
' LDAD CASE NO. se (SSTI), FORCES AND NOMENTS IN LOCAL COORDINATES (CONTD. )

Atti SDP DCP AXIAL Y Z XX YY ZZ

GROUP tt1B NAME FORCE FORCE FORCE N0HENT HONENT N0HENT
ILB) (L8) (LB) ILB.fT) !LB.FT) (LB.FT)

RUN1
( CG3TD. )

56L A04A 14207.49 7753.96 8796.78 45453.43 44601.38 46627.91
56R A04A 15?.57.33 8053.64 8353.59 45453.43 46627.91 44601.38
57 12938.52 11454.41 8353.59 44695.21' 52948.80 51662.56*

58L A048 10709.71 14055.17 8353.59 43937.04 59269.72 58723.76
SSR A048 11030.84 8845.09 17312.29 43937.04 53723.76 59269.72

59L 6 11080.84 8845.09 17312.29 43937.04 40592.19 52872.44
59R 6 '11843.76 7635.52 16710.01 43937.04 e;0592.19 52872.44
60L 7 11843.76 7635.52 16710.01 43937.04 11164.59 43164.09

60R 7 14421.09 6251.83 12591.04 39407.55 11164.59 44658.61
61 8 14421.09 6251.83 12591.04 3940 7.5E 19372.64 34220.30

RUN2
62 8 15716.48 6837.81 10587.44 39407.55 19372.64 34220.30
63 15716.48 6837.81 10587.44 39407.54 32319.44 27914.61
64L 9 13716.48 6837.81 10587.44 39407.55 45266.32 21608.93
64R 9 16835.05 7787.41 8679.99 39407.55 45266.32 21608.93
65 16835.04 '7787.41 8679.99 39407.54 61511.20 23740.60
66L 10 '16835.05 7787.41 8679.99 39407.55' 77756.12 25872.30
66R. 10 ~17882.12 8000.38 7633.29 39407.55 77756.12 25872.30
67 17882.11' 8000.38 7633.29 39407.54 83799.37 26990.21
68L 8A 17882.12 8000.38 7633.29 39407.55 89842.62 28108.16
6aR BA 18414.55 7440,21 7742.21 39407.55' 89842.62 28108.16-
69L 88 18414.55 7440.21 7742.21 39407.55 95112.19 32374.50

18414.55 7440.21 7742.21 39407.55 95112.19 32374.50 BRANCH AXES

69R BB 24401.30 5807.53 8270.49 42465.56 75042.12 51661.89+

24401.30 5007.53. 8270.48 42465.56 75042.12 51661.89 3 RANCH AXES

70L BC 24401.30 5807.53 8270.49 42465.56 67347.37 46477.46

70R SC 25272.86 5623.82 10775.16 42465.56 67347.37 46477.46
71 25272.84 5623.82 10775.16 42465.54 47822.88 36231.37

72 24941.70 5473.11 10758.91 42758.47 28560.55 25425.74
73 26455.73 6118.09 13893.18 42758.47 25920.98 18348.33
74 26455.73 6118.09 13893.18 42758.47 39974.31 14132.14
75L PS 26455.75 6118.09 13893.18 -42758.49 54027.71 9915.93
75R PS 27326.52 6677.64 14485.45 42750.49 54027.71 9915.93
76L P4 27326.52 6677.64 14486.43: 42759.49 62237.09 13464.91
76R P4 29136.41 1589.97 .7625.52 42758.49 62237.09, 13464.91
77 29136.40 1589.97 7625.52 42758.47- 48643.48 10926.96'
78 29136.40- 1589.97 7625.52 42758,47 35049.87 8389.01J

_

.

I

e

d
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PAGE 695
ItfPFLL CORPORATION 8-24-92 9:3'r32

' .SUPERPIPE NTRSION 22E 05/31/*05 SYSTEM: IBM-VM/MVS
ADVANCED LIGHT HATER REACTOR M * X1 2 STAB , X SNUB AT X058
OPTIONAL ROUTING 7 FROM DESI
16" SHUT 00HN COULING LINE

5
LOAD CASE NO. as (SSTI), FORCES AND totENTS IN LOCAL COUROINATES (CONTO. )

RtM SDP DCP AXIAL Y Z XX YY ZZ

GROUJ #91B hat 1E FORCE FORCE F0nCE HOMENT NOMENT N0ttENT

ILB) ( LB B (LBI (LD.FTl (L8.FTJ (LB.FT)

PUN 2
(CCHTD.)

79 30526.12 2235.11 7828.01 42758.47 24186.10 6808.07
80 30528.12- 2235.11 7828.01 42758.47 1605?.25 6184.16*

all P3 30528.14 2235.11 7828.01 42758.49. 7918.36 5560.26

81R P3 .31350.69 3365.83 8164.28 42758.49 7918.36 5560.26
82L P2 31350.69 3365.83 8164.28 42758.49 13821.14 7868.08-

82R 82 144.81- 192.05 164.85 0.00 123.64 '.44.04

83 P1 144.81 192.05 164.85 0.00 0.00 0.00

RUN3
64 88 4332.17 14699.36 13999.48 67330.94 79429.56 79325.31

9419.28 4332.17 17981.48 49715.91 67330.94 200647.31 BRANCH AXES

85L 11 4332.17 14699.36 13999.48 67330.94 66585.00 65827.94

85R 11 3938.09 14655.89 13585.05 67330.94 66585.00 65827.94

86 3938.09 14655.88 13585.05 67330.94 47560.41 49265.87

87 3938.09 14655.88 13585.05 67330.94 28535,77 32703.78
88L 12 3938.09 14655.89 13585.05 67330.94 9511.07 16141.63

<

8 9 '. 13
~ 3672.53 13815.71 11567.59. 67330.94- 9511.07 16141.6388R 12
3672.53 13415.71 11567.59 67330.94 19436.02 28699.95

'

89R 13 13422.17- 3561.93 10162.27 16071.89 67330.94 30752.16
90L 14 13422.17 3561.93 10162.27 16071.89 59807.73 29002.93
90R 19 12273.17 3342.33 8829.91 16071.89 59807.73. 29002.93
91 12273.17 3342.33 8829.91 16071.89 50042.75 27708.91
92 12273.17 3342.33 8829.91 16071.89 40277.77 26414.88

93 10235.81 2246.95. 7745.10 16071.88 30512.75 25120.83
94 1C961.15 2407.49 7565.97 15313.01_ 32704.75 23269.14
95 10961.15 2402.49. 7565.97 15313.01' 35068.55 21171.27
96 9394.79 3938.04 7893.29- 15313.01' 37432.34' 19073.40
'97 9394.79 3932.04 7893.29' - 15313.01 '47266.79 17152.22
98 9394.79 3938.04 7893.29 15313.01 57101.27 15231.04
99L 801A 9394.79 3938.04 7893.29 15313.01 66935.75 13309.86
99R B01A 8720.39 7227.84 5482.27- 15313.01 133D9.86 ' 66935.75

100L $31B 9392.87 6363.80 5482.27 6514.53 14904.27 69217.25
100R 8018 8538.60 5058.59 5972.26 6514.53 69217.25' 14904.27
101 8538.60 5058.59 5972.26 '6514.53 66093.25 19:14.22.

-102 18538.60 5058.59 5972.26 -6514.53 62969.27 .'23520.16
103 7803.77 5008.53 5371.25 5174.36 60801.63 '26964.44

104 6666.67 3101.89 4190.93- 5!74.36 58389.23 30261.76
105 6666.67 3101.89 4190.93 5174.36 54704.33 32588.61

$

i.
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PACE 696
.IMPELL CORPORATION O-24-92 9:39:32

J SUPERPIPE -VERSION 22E' 05/31/90s SYSTEM: IB&YM/MVS 4

ADVANCED LIGHT HATER REACTOR *** XI Z SNUB, X StLe AT X058
;.

UPTIONAL ROUTING 7 FROH DESI
16" SHUTDOHN COULING LINE

|9
. LOAD CASE NO. SS (SSTI), . FORCES AtJD HDHENTS IN LOCAL COURDINATES ICONTD. )

''

RUN SOP DCP AXIAL Y Z XX YY ZZ |

GROUP ! tits NAME FORCE- FORCE FORCE NOMENT NOMEt# - NOMENT

ILBI ILB) (L8) ( L8. FT ) ( LB. F T ) ( LB. FT l

k

'RUH3 '

-(CONTO.)-
106 7615.20 3186.49- 4800.80 .6514.53 49386.36 37079.55
107' 7615.20 '3186.49 4800.80 6514.53 45796.55 39813.60.
108 7560.04 5542.40' 6378.94 6514.53' 44096.66 43184.86. ,

1 109 7560.04 5542.40 6378.94 6514.53 43341.72 ' 46874.70

110 - '7560.04.. 5542.40 .6378,94; 6514.53 42586.75 50564.52
.111L 802A 7560.04 5542.40 6378.94 6514.53 41831.83 54254.40-,

111R B02A -7990.81' 5774.50 7064.75 6514.53 54254.40 61831.83- i

112L 8028 5774.50 7990.81 7064.75 54336.80 7125.25 37336.04 ;

'112R 8028- 5381.30 7151.07 "8169.20 54336.80 .37336.04 7125.25
.

.113- - :5381.30 7151.07 - 8169.20 .543?6.78 32353.09- 20430.39
114L B03A ;5381.30 7151.07 8169.20 .54336.80 27370.16 33735.52*

114R B03A 5184.21 6702.09 7156.92. 54336.80 '27370.16 33735.52
6702.09 '5184.21' '7156.92 30842.68 48001.47 - 31298.95
6015.51.' 5036.70 6481.59- 30842.68 42405.28 -38562.59115L-8038

115R 8038
116 6015.51- 15036.70 6481.59. 30842.65 32703.45 31447.04

I: 117 '6015.51' -5036.70 6481.59 30842.65 23001.65 - 24331.54 . *

7 118 5144.97 4676.67- 7350.90 30842.65 13299.84 17216.03 . !
-

i 119 5144.97' 4676.67 7350.90 30842.65 21015.87 ' 16976.08
- 120 s :5335.70 3793.64 7829.73 31041.43 30585.37 13631.53

121L 14S '5335.70 3393.64 7829.73 m -31041.45 39257.78 12712.13- !

121R. 14S 14901.17: 3327.90- 4607.65 31041.45 39257.78' 1271' 13.

122 '4901.17. 3327.90 4607.65- .31041.43 38833.60; 1509-
' 11

"

30842.68 35287.03 24372.wo
i' 123L B04A - '4689.62- 4383.02. -.4691.39

'30842.68' '30062.20- 30588.69
,

.

f 123R 804A' -4515.55 4775.57 '3568.31-

124L 804B 4775.57' 4515.55 3568.31 32069.80 '28836.49 ~ 29020.77
'

'

124R 8048 4243.08- '4359.24 2947.61 '32069.80: R 28836.49 - 29020.77
125 4243.08. 4339.24- 2947.61 32069.79- 27658.33? 25963.81.

'

126 4243.08- 4359.24 2947.61 32069.79: 26480.19 22906.84-

127 - 3584.72- ' 4465.46 2213.28' 32069.79 26170.76 23303.81,

128 '3584.72-- 14465.46 2213.28 32069.79. 26730.09 -27154.68,
v

129L BOSA -3584,72' -4465.46- 2213.28 32069.80; 27289.41 31005.60*

129R BOSA - 3277.53 1683.46 = 4657.09 32069.80 31005.60 27289.41.

130L 8058 i2982.46 7 2138.27 4657.09 24580.53 40426.56 26713.77 r

1 130R B05D 2900.56 -.4758.81' L2029.74 24580.53 '26713.77 . 40426.56.

t

131L ISS' !2900.56- 4758.81 |2029.74 24580.53 24623.19 45598.33 ' '

'131R J1SS 2785.99. 4666.98 2062.29- ' 24580.53 24623.19 45598.33

4 132 2785.99 ~4666.98 2062.29- ' 24580.51 21111.68 40918.64

133 2785.99 14666.98- '2062.29 .24580.51 17600.17 36239.00
:

4'
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IMPELL CORPORATION PAGE 716
SUPERPIPE YERSION 22E 05/3'J90s SYSTEM: 18H-VMMfv'S 8-24-92 9219:32

ADVANCE 0 LIGHT HATER REACTOR *** X1 Z SNUt3, X SPAJD A7 XO50
UPTIO4AL ROUTING 7 FRCH DESI
16" !JiUTDOHN COULING LINE

fo
LOA 0 Cf.SE trJ. Se (SSET), FORCES ANO NOMENTS IN LOCAL COURDINATES (COITD. )

RUN SOP DCP AXIAL Y Z XX YY ZZ
GROUP NMS t4AME FORCE FORCE FDPCE toitNT HOMENT NOMENT

ILB) ILB) (LB) (LB.FT) ( LB.FT ) ELB.FT)

RUN2
(CONTO.)

79 103227.19 3580.70 17422.82 43335.68 46290.14 10101.04
80 103227.19 3580.70 17422.82 43335.68 21041.30 7063.53
81L P3 103227.25 3580.71 17422.82 43335.70 20312.61 70 % .73
81R P3 104049.81 4711.42 17759.09 43335.70 20312.61 7094.73
82L P2 104049.81 4711.42 17759.09 43335.70 33393.46 10411.73
82R P2 144.81 192.05 1M.85 0.00 123.M 144.04
83 P1 144.81 192.05 164.85 0.00 0.00 0.00

RL%3
84 88 4395.30 14854.60 14105.50 71316.31 80265.56 80565.31

9532.20 4395.30 18131.78 50109.01 71316.31 102090.19 BRANCH AXES
85L 11 4395.30 14854.60 14105.50 71316.31 67333.94 66975.06
85R l' 4001.22 14811.12 13691.07 71316.31 47333.94 66975.06
86 4001.22 14811.12 13691.07 71316.31 48151.66 50268.56
87 4001.22 14811.12 13691.07 71316.31 28994.96 33625.2/
8et 12 4001.22 14811.12 13691.07 71316.31 .842.79 17062.11
88R' 12 3735.66 13970.95 11673.61 71316.31 *892.79 17062.11
89L 13 3735.66 13970.95 11673.61 71316.31 19812.61 29655.70

89R 13 13561.52 3625.06 10288.41 16164.38 71316.31 31772.07

90L 14 13561.52 3625.06 10288.41 161M.38 63678.62 29*60 88
90R 14 12412.52 3405.46 8956.04 161%.38 63678.62 29960.88
91 12412.52 3405.66 8956.04 16164.38 53704.76 28551.80
92 12412.52 3405.46 6956.04 161 M.38 43733.91 27143.15
93 10375.16 2310.09 7871.24 16164.37 33766.59 25735.09
% 11100.50 2465.63 7697.11 15405.50 35760.54 23771.0A
95 11100.50 2465.6I 7692.11 15405.50 37931.48 .1563.91
96 9534.14 4001.17 8019.42 15405.50 401C8.69 19361.00
97 9534.14 4001.17 8019.42 15405.50 49764.27 17346.20
98 9534.14 4001.17 8019.42 15405.50 59429.31 15369.50
99L Bo1A 9534.14 4001.17 8019.42 15405.50 69106.06 13477.09
99R BOIA 8859.74 7353.97 5528.85 15405.50 13477.09 69106.06

10CL 8018 9545.06 6474.16 5528.85 6655.71 14990.95 71260.25
100R B01B 8690.79 5105.18 6082.62 6655.71 71260.25 14990.95
101 8690,79 5105.18 6082.62 6655.71 67989.56 19361.91
102 8690.79 5105.18 6082.62 6655.71 M730. 01 23746.56
103 7955.96 5055.12 5481.61 5315.53 A2440.76 27270.59
104 6818.86 3148.47 4301.28 5315.53 59923.62 30648.77
105 '6818.86 3148.47 4301.28 5315.53 56155.34 33056.95

.
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IMPELL CCRPORITIG4 P!.CE 717
SUPE; PIPE VERSION 22E 05/31/906 SYSTEM: IBM-Vtt?fv3 0-24-92 9:31:32

ADVANCED lim 4T HATER REACTUR *** X1 Z OTRS, X SHUB AT XUSB
CPTIQ4AL ROLRIts 7 FROM DESI
16" SHUTDOHN COULItG LINE

de
LOAD CASE NO. at iSSETp, FORCES AND t10 HEN 73 IN LOCAL C00RDINATES (CONTD. I

RW4 SCP OCP AXIAL Y Z XX YY ZZ
CROU? Mrs NAME FCRCE FORCE FCRCE HOMENT NOMENT NOMENT

1 LB ) tLB) ( LB ) ILB.FT) iLB.FT) ( LB. FT I

cLN3
(CC.7D.)

106 7747.39 3233.07 4911.16 665S.71 50778.*9 37629.52
107 7767.39 3233.07 4911.16 6655.71 47157.68 40445.38
108 7732.23 5588.98 6489.30 6655.71 45456.59 43890.54
109 7712.23 5588.98 6489.30 6655.71 4473C 29 47670.60
110 7712.23 5588.98 6489.30 6655.71 44032.97 51444.48
111L BOZA 7712.23 5588.98 6489.30 6655.71 43358.83 5"tJ 9.59
111R B02A 8143.00 5884.86 7242.27 6655.71 55219.59 4 93.83
112L B028 5884.86 8143.00 7242.27 55422.00 7290.26 38743.64
112R B028 5491.66 7328.60 8321.39 55422.00 38743.64 7290.26
113 5491.66 7328.60 8321.39 55421.98 33462.98 20922.19
114L B03A 5491.66 7328.60 8321.39 55422.00 28187.44 34576.60
'114R B03A 5294.57 6795.54 7309.11 55422.00 28187.44 34576.60
115L B03B 6795.54 5294.57 7309.11 31482.46 48897.24 32112.39
115R B038 6108.96 5191.93 6587.60 31482.44 43018.01 39605.66
116 6108.9# 5191.93 6587.60 31482.45 33128.83 32196.17 +

117 6108.96 5191.93 6587.60 31482.45 23262.11 24788.57
118 5238.42 4831.90 7456.91 31482.45 13489.*S 17392.32
119 5238.42 4831.90 7456.91 31482.45 21308.78 17142.59
120 5429.15 3548.87 7?35.75 31681.21 31050.99 14077.50
121L 145 5429.15 3548.88 7935.75 31681.24 39912.93 13450.06
121R 143 4994.62 3483.13 4635.*5 31681.24 39912.93 13450.06
122 4994.62 3/83.13 4635.95 71681.21 30472.39 16005.25
123L B04A 4783.07 4538.25 4719.69 31482.46 35910.67 25458.23
123R B04A 4609.01 4905.30 3658.14 31482.46 31105.02 31281.25
124L B048 4905.30 4609.01 3658.14 33220.64 29364.30 29735.96
124R B048 4372.81 4452.70 3037.44 33220.64 29364.30 29735.*6
125 4372.81 9452.70 3037.44 33220.62 28008.34 26509.69
126 4372.81 4452.70 3037.44 33220.62 26653.85 23298.46
127 3714.45 4558.91 2303.11 33220.62 26210.88 23581.89
128 3714.45 4558.91 2303.11 33220.62 26923.45 2,419.52
129L BOSA 3714.45 4558.91' 2303.11 33220.64 27659.53 31369.04
129R 805A 3407.26 1773.29 4750.55 33220.64 3136*.04 27659.53
13OL 8058 3137.69 2166.57 4750.55 25368.25 41351.53 27115.52
130R 8058 3055.80 4852.26 2058.04 25368.25 27115.52 41351.E5
131L 15S 3055.e0 4852.26 2058.04 25368.25 24*82.99 46524.20
131R 7 '*5 2941.22 5105.05 2090.59 25368.25 24*82.99 46524.20
132 2*41.22 5105.05 2090.59 25368.23 21417.42 41486.19
133 2941.22 5105.05 2090.59 25368.23 17851.84 37329.47

.
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j DIRECT VEEEEh IliJECTION

| PRELIMIllARY ROUTit1G AtlD LOADS AllALYSJS
i
1

EllIpose

| This appendix reports the results of a preliminary stress analysis
) of a System 80+ Direct Vessel Injection-(DVI) line in the Reactor
; Dailding to provide applicable forces and moments for the Leak-
| Defore-Break (LDB) evaluation. The piping included in the model is

represented in the isometric sketch that follows. The analysis
j model originates at the Reactor Vessel nozzle and terminates at the
j anchor on the inside face of the crane wall. Anchors are modelled
; at these locations. All applicable design conditions, loadings,
1 codes, and regulatory requirements are defined in the System 80+

) Certification Program Draft Distribution Systems Design Guide,-
s Reference 2.
i

The types of analysis results required for the LBB cvaluation aro,

| shown on the following page. Other results in the detailed
; analysis include pipe displacements, stresses, support / restraint
! loads, and nozzle loads (anchor loads). Since the analysis is
i preliminary and design information is not available for allowable
j- nozzle loads, it is not within the scope of the calculation to
j evaluate those-loads.

A code compliance check is performed to verify that pipe stresses !.

s are within the ASME allowables for the _ pipe as modelled. As
additional design information becomes available, it will bc;

included in a final analysis,:
s

i

Method
|
t The piping is modelled as a three dimensional framework for
i analysis. Static analysis is performed by the Direct Stiffness
3

Method and a simple Lumped Mass Idealization is used to determine
; mode shapes and frequencies for the dynamic analysis. This piping

is analyzed using the SUPERPIPE computer program..

i

$

'

,

!
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Referopees and Dealgn.. Inputs )
I

i 1. ASME Doller and Pressure Vessel Code, Section III, 1989.
;

I

| 2. Draft Distribution Systems Design Guide.
1,

j 3. ABB-CE Letter dated 4/21/92 to R.W. Donsall enclosing
i Preliminary Thermal Movements and SSE Seismic Anchor
j Movements.

I 4. ADD-Impell memo dated 5/21/92 to ABB-CE, Attn: R.A.

]
Matzie enclosing System 8 0+ 11-411 Spectra and SAM.

*

: 5. System 80+ Safety Injection System Piping and
Instrumentation Diagram.

\
System 80+ 11uclear Island Detailed Arrangement Drawings.; 6.

1
1
'

Results
;

1

, Forces and moments results for the load cases listed - below are
! provided for the Leak-Before-Break evaluation shown in Appendix J.

k 1. Gravity - Fluid-filled
!
; 2. Thermal Expansion
i

3. Gravity + Thermal (11ormal Operation)*

4. Seismic Inertia - SSE
,

f 5. Seismic Anchor Movement - SSE

6. Seismic Inertia + Seismic Anchor Movement

:
I

4

1

J

;

;

-

J

1

4

.

i

|-
,

f

k'

.
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PACE 58
' IMPELL CORP 0kiTItTS - 8-20-92 16:45:34
SUPELPIFE VER$10t4 22E C5/31/90s SYSTEM: 18M-VM/MVS

DVI ANALISIS FfBt DESI **
*** ANCHOR ADDED 8*-8" S OF C06 DUE TO LB8 CatCERFC ***
** DIRECT VESSEL IFUECTION SYSTEM **
A!4ALYSIS BYs C. E. RIDDLE DATE: 8/19/92

' STATIC ANALYSIS NO. 1 (GRAVI, FCRCES AND NOMENTS IN LOCAL COUROINATES

RUtt SDP OCF AXIAL Y Z XX YY 22

GROUP PTB NAME FORCE FORCE FORCC. MONE NT NOMENT MONENT

tLB) (LB) ( L8 h ( L8.FT ) ( LS . FT ) E LL.FT )

4 RUN1
1 R\tXT 5.54 1212.35 -5.66 336.90 52.56 3592.16
2 N1 5.54. 1199.30 -5.66 336.90 4*.73 2989.25
3L RVMA 5.54 - 925.15 -5.66 336.90 39.26 1021.97
3R RVMA 5 54 ' -5.66 -925.15 536.90 1021.97 -39.26

el RVPiB 7. t2 -0.08 -779.82 -172.31 207.37 -36.29

4R RVNB 7.92 779.82 -0.08 -172.31 36.29 207.37
5 7.92 493.85 -0.08- -172.31 36.13 -1022.90

6 7.92 207.88 -0.08 -172.31 35.98 -1700.72

7 7.92 -78.10 -0.08 -172.31 35.83 -1826.08

8 7.92 -364.07 -0.08 -172.31 35.67 -1398.98

9 C01A 7.92' .-650.04 -0.08 -172.31 35.52 -419.41
10 C018 940.70- 7.92 -0.08 -35.42 -172.41 564.91

11 1160.69 7.92 -0.08 -35.42 -172.52 553.14

12 1380.67 7.92 -0.08 -35.42 -172.64 541.38 j

13 SN1. 1600.66 7.92 -0.08 -35.42 -172.76 529.61 <

'

14L CL?A 1637.67 7.92 -0.08 -35.42 -172.78 $27.63

14R C0ZA 1637.67 -7.92 0.0F -35.42 172.78 -527.63
15L C028 7.92' 1928.32 0.08 -172.88 -s5.32 -2746.47
ISR CO28 7.92 -1928.32 -0.03 -172.88 35.32 2746.47

16L H1 7.92 -1965.33 -0.08 -172.83 35.30 3233.18

16R HI 7.92 2363.98 -0.08 -172.88 35.30 3233.18-

17 SNZ 7.92 2326.97 -0.08 -172.88 35.28 2646.81

18L ' v1 7.92 2289.96 -0.08 -172.88 35.26 2069.69

18R V1 7.92 - -1289.96 -0.08 -172.88 35.26 2069.69

19 7.92. 1247.55 -0.08 -172.88 35.13 7.96

20L v2 - 7. 92 ' 1205.14 -0.08 -172.88 35.00 -1984.85

20R Y; 7.92' 205.14 -0.08 -172.88 35.00 -1984.85

21 7.92 -60.08 -0.08 -172.88 54.86 -2114.80

22 7.92 '--325.30 -0.08 -172.88 34.71 -1769.56 )
23 7.92 -590.52 -0.08 -172.88 34.57 -949.14 1

24 7.92- -855.74 --0.08 -172.88 34.43 346.46 !

25 . 7.92' -1120.96 -0.08 -172.88 34.28 2117.25 |
26L- H2 7.92 -1586.18 -0.08 -172.88 34.14 4363.23

I 26R' HZ 7.92 1487.73 - 0.08 - -172.88 ?4.14 4363.25

27 7.92- 1200.93 -0.08 -172.88 33.99 1758.60

28 7.92 914.12 -0.08 -172.88 33.83 -290.35

29 7.92 627.31 -0.08 -172.88 33.68 -1783.62

30 7.92 340.51- -0.08 -172.88 33.52 -2721.20

31 7.92. . 53. 70 -0.08 -172.38 3*.37 -3103.09

32- 7.92 -233.11 -0.08 -172.88 33.21 -2929.29
7

f-

.

|

i
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PPSE 5*)IMPELL CORPOR,*. TION
SUPERPIPE VERSICH 22E C5/31/90) SYSTEM IBM-VM/MVS C-20-92 16:45:54

DVI ANALISIS FOR DESI **
*** ANCHOR ADDED 8*-8" S OF C06* DUE TO LBB CS4CERtG ***
** DIRECT VESSEL ltuECTI'ti SYSTEM **
ANALYSIS BY: C. E. RIDDLE DATE: 8/19/92

. STATIC ANALYSIS NG. 1 (GRAV), FORCES AND t10MENTS IN LOCAL COURDINATES (CONTD. )

ON SCP DCP AXIAL Y Z XX YY ZZ
CROUP ttB NAME FORCE FORCE FCRCE N0h2NT #10 MENT P10 MENT -

t LB ) . ILB) I LB i . tLB.FTI (LE.FTI t L3.FT I

RLH1
1CONTD.)

33 7.92 -719.91 -0.08 -172.88 33.06 -2199.80
34L C03A 7.92 -806.72 -0.08 -172.88 32.91 -914.61
34R C03A 7.92- 0.08 -806.72 -172.88 914.61 12.91
35L C038 -0.08 . 7.92 -1097.38 275.45 -1362.94 22.91
35R C038 -0.08 -1097.38 -7.92 275.45 22.91 1362.94

-7.92 275.45 20.93 1641.9126L H3 -0.08 - -1134.38
' -7.92 275.45 20.93 1641.91,

36R H5 -0.08 1263.91
37 -0.08 J000.24 -7.92 275.45 6.82 -374.58.

38 -0.08 736.56 -7.92 t75.45 -7.28 -1921.42
39 -0.08 472.88 -7.92 275.45 -21.38 -29*8.58

40 -0.08 209.21 -7.92 275.45 -35.49 -3606.07
41 -0.08 -54.s? -7.92 275.45 -49.59 -3743.88
42 -0.08 -3*3.15 -7.92 275.45 -63.70 -3412.01

,
43 -0.08 -536.83' -7.92 275.45 -77.80 -2610.47

+ 44L C04A -0.08 -8'e 5.51 -7.92 275.45 -91.91 -1339.25
44R C04A -0.08 -7.92 845.51 275.45 -1339.25 91.91
45L C048 7.92 -0.08 1136.16 100.71 1513.99 101.90

45R C048 7.92 -1136.16 .-0.08 100.71 -101.90 1513.99
46L W+ 7.92 -1321.20 -0.08 100.71 -102.00 3049.84
46R H4 7.92 1327.04 -0.08 100.71' -102.00 3049.84
47L CO5A- '7.92 1142.00 - -0. 08 - 100.71 -102.10 1506.694

47R COSA 7.92 -0.03 -1142.00 '100.71 1506.69 102.10

48L C058 'O.08 7.92 -851.34 -260.85 -1'.45.13 92.31
48R C058 0.08 851.34 7.92 -260.85 -92.31 -1145.13
49 0.08 587.67 7.92 -260.85 -78.20 -2426.75
50 0.08 323.99 7.92 -260.85 -64.10 -3238.69
51 0.08 60.31 7.?2 -260.85 -49.99 -3580.97
52 0.08. -203.36 7.92 -260.85 -35.89 -3453.56'

53 0.08. -467.04 7.92 -260.85 -21.78 -2'!56.49
+ 54 0.08 -730.72- 7.92 -260.85 -7.68 -1789.73

55 0.08 -994.39 7.92 -260.85 6.43 -253.30

56L- HS 'O.38 -1258.07 7.92 -260.85 20.53 1752.81
56R H5 0.08- 736.50 7.92 -260.85 20.53 1752.81
57L C06A 0.08 699.50 7.92 -260.85 22.51 1573.31
S'7R CD6A 0.08 -7.92 699.50 -260.S5 -1573.31 22.51

A 58L C06B 7.92 0.08 408.84 GSO.60 431.86 32.31
58R C068 7.92 406.84 -0.08 880.60 32.31 -431.86
59 7.92 134.37 -0.08 880.60 32.16 -935.46
60 7.92 -140.09 -0.08 880.60 32.01 -930.16

.
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PAGE 60
IffELL CCRPORATION 8-20-92 16:45:34
SUPERPIPE VERSION 22E CS/31/90s SYSTEM: IBM-\Wtf/S i

DVI ANALISIS FOR DESI **
*** ANCHUR ADDED 8*-8" S OF CO6* DUE TO LBB CONCERtG ***
** DIRECT VESSEL INJECTION SYSTEM **
ANALYL;.3 By: C. E. RIDDLE DATE: 8/19/92

STATIC ANALYSIS fC. 1 (GRAV), FORCES Mm f10NENTS IN LOCAL COURDINATES (CtT(TD. F

At%t) SOf DCP AXIAL Y Z XX YY ZZ

GROU) - tes NAME FORCE FORCE FURCE- 710 MENT MOMENT f10 MENT

iLBi . I LB i ILB) ( LB. FT I ILB.FTI (LB.FT)

RUNI
(CONTD.)'

61 7.92 -414.56 -0 08 880.60 31.86 *15.95 i

62 ANC1 7.92 -689.03 -0.08 830.60 31.72 607.17

L
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IHpELL-CORPORATION .

- PAGE 339*

'.SUPERPIPE . VERSION 22E C5/31/903 SYSTEM: IBM-VMM/S 8-20-92 16:45:34*

* DVI.ANALISIS FOR DESI **
*** ANCHOR ADCED 8*-8" S OF C06* DUE TO LB6 CtFICERtG *** [*

~ ** OIRECT VESSEL INJECT 1(N SYSTEM **
ANALYSIS SY C. E. RIDDLE DATE: 8/19/92

*i LUAD CASE N5 2$ ITHMKI, FORCES AND tOENTS IN LOCAL COORDINATES >

. RUN SDP DCP AXIAL Y Z 30( YY ZZ
. M.UUP ' P99 HAME FORCE FORCE FORCE MOMENT MOMENT MOPENT ,

s (LBI .ELBl. '(L83 E LB.FT ) (LB.FT) (LB.FTl

I

RtN1i 1 RVNO 2880.10 809.50 -1968.85 8C32.34 -3c79.83- 13024,57
-3545.55 12727.48 i

2- N1- 2880.10 809.50 ~ -1968.85 8882.34
~ -7192.33 11627.02 i

'

3L RVNA E880.10 809.50 -1968.85 8882.I4 '4

'3R RVNA '2880.10" -1968.85 -809.50 8882.34 11627.02 7197.33
f '4L RVNB' 3428.72 64.35 -809.50 ' -3440.64 13977.11 7917.65
i 4R RVNB .3428.72 609.50 6 % .35 -3% 0.64 -7917.85 13082.54

'S 3428.72- 809.50 -644.35 -3%0. % -66C0.92.. 12008.11

l'..
.6 -3428.72 809.50 6 % .35 -3 % 0.64 -5283.98 10933.68 t4

t

7- 3428.72' $09.50 H4.35 - ' -3 % 0.64 -3967.05' 9859.25
3428.72 809.50 H4.35 -3440. % -2650.11 10094.63 |3

8 -C01A 3428.72 809.50 644.35 -344P. % -1801.27 11602.02 L
9

10L C018 -809.50' 3428.72- 6 % .35 1361.11 -2588.53 _8043.11 |

10R C018 -809.50 3428.72 644.35 1313.98 -2588.53 8043.11

|i .
m

11- -809.50: 3428.72 '644.35 1313.98 -1575.47 2652.44 ,

o' ?

12 -809.50 3428.7t 644.35 1313.98 -562.41 '-2738.23''

13 SN1. -809.50| 3428.72 M4.35 T 1313.98 -450.65 -8128.91*

_14L CO2A. -809.50: 3428.72 6 % .35 1313.98 621.07 -9035.76
' t09.LO -3428.72 ~644.35' 1313.98 -621.07 9035.76; 14R C02A' -

; I5L C028 3428.72- -509.50 -6% . 35 '1473.19 889.10 12594.67

16 H1~ ~3428.72 ~
809.50 644.35 1473.19 -889.10 .-12594.67 ;

ISR CO28 - 3428.72: Y

809.50< 644.35 1473.19 -804.12 -12399.60
'17 $N2 .3428.72 809.50 6 % .35 14/3.19 -719.14 -12204.53
18- : VI - 3428.72 809.50 % 4.35 147't.19 882.32 -12009.46 ,

'.
.

,19 3428.72- 809.50- % 4.35 1473.19 1990.07 " -10741.52 r

644.35' ,1473.19 3097.82; -9473.59 !'' ~20 V2 3428.72- 809.50'
' 5%.351 1473.19 4319.17 '-8075.61 .

21 3428.72' 309.50i

22 3428.72' 809.50' 6 % .35 1473.19 5540.53 -9000.09
23 3428.72 809.50 %4.35 1473.19 6761.90 . -9962.02

. 24 - 3428.72e 809.50 644.35 1973.19 1983.26 i-10923.95
25 3428.72 809.50 % 4.35 ~1473.19 9204.62 -11885.89 F

- 26L ' H2 . 3428..'2 809.50 644.35 1473.19 10425.99 -12847.82. !
!

I -.' ' 26R H2 ' 3428.72 : '-799.85- 644.35 1473.19 10425.99 -12847.82--2

!
i~ 27 3428.72- . ~799.85 6 % .35 1473.19 117 % .76 -11281.51

!

.

29 '3428.72| :-799.85 % 4.35 1473.19
- 13067.53 -9715.2028 3428.72. .-799.85' %4.35 .1473.19
14388.31.- -8148.37*

. 50 - 3428.72 : -799.85 644.35- -1473.19 15709.08 ' -6582.56'
.

31 3428.72' -799.85- -644.35 1473.19 17029.86 ,-5016.24
!>

32- 3428.72 -799.85 644.35 1473.19 18350.63 -3 % 9.92
P

l

4

5 !
: .
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FACE 343
IMPELL CORPORATIDH
SUPERPIPE VEPSION 22E C5/31/90 s SYSTEM: IBM-VM/MYS 8-20-92 16:45:34

,

DVI ANALISIS FOR DESI **
*** AtCHOR ADDED 8'-8" S CF C06* DUE TU LDS CCHCERfG ***
** DIRECT VESSEL INJECTION SYSTEM **
ANALYSIS BY C. E. RIDDLE DATE: 8/19/92

LC'.D CASE NO. 1 5 tTHMX), FORCES AND MONENTS IN LOCAL COURDINATES (CONTD.)

RUN SUP DCP AXIAL Y Z XX YY ZZ .

GROUP tt18 NAME FDPCE FCRCE FCRCE NOMENT NC21ENT HCR1ENT

IL8) (LB) I L8 ) t L8.FT ) (LS.FT) I L8.FT )

,

RUNI
ECONTD.)

33 3428.72 -799.85 644.35 1473.19 19671.41 -1883.60
34L C03A 3428.72 -799.85 644.35 1473.19 20992.20 -317.27,

' 34R CO3A 3428.72 -644.35 -799.85 1473.19 317.28 20992.20

35L C038- 644.36 3428.72 -799.85 693.25 1395.36 17310.06
35R C038 644.35. -799.85 -3428.72 693.25 17310.06 -1395.36

36L H3 644.35 -799.85 -3428.72 693.25 16403.21 -1579.80

36R H3 644.35 -90.31 -3428.72 693.25 16403.21 -1379.80
37 644.35 -90.31 -3428.72 693.25 9941.9* -1709.62

38 644.35 -90.31 -3428.72 693.25 3480.67 -1039.44

39 644.35 -90.31 -3428.72 693.25 -2980.63 -869.25

40 644.35 -90.31 -3428.72 693.25 -9441.93 -699.07

41 644.35 -90.31 -3428.72 693.25 -15903.23 -528.89

42 644.35 -90.31 -3428.72 693.25 -22364.52 -358.70

43 644.35 -90.31 -3428.72 693.25 -28825.81 -210.81

44L C04A 644.35 -90.31 -3428.72 693.25 -35287.17 -286.57

44R C04A 644.36- -3428.72 90.31 693.25 -286.57 35287.17
45L C048 3428.72 644.35 90.31 341.31 640.08 38969.30

45R C048 3428.72 -90.31 644.35 341.31 -38969.30 640.c8

46L H6 3428.72 -90.31 644.35 341.31 -38117.19 586.92

46R H4 3428.72 29.35 644.35 341.31 -36117.19 586.92

47L COSA 3428.72 29.35 644.35 341.31 -37265.08 549.84

*7R COSA 3428.72 644.36 -29.35 341.31 549.84 37265.08
48L C058 -644.35 3428.72 -29.35 -512.76 305.75 31878.71
48R C058 -644.35 29.35 3478.72 -512.76 -31878.71 305.75
49 -644.35 29.35 34;t.72 -512.76 -25417.42 255.08

50 -644.35 29.35 3423.72 -512.76 -18956.16 204.40

51 -+44.35 29.35 3428.72 -512.76 -1?494.87 153.73

52 -644.35 29.35 3428.72 -512.76 -6033.57 103.06

53 -644.35 29.35 3428.72 -512.76 1045.58 52.38

54 -644 35 29.35 3428.77 -512.76 6689.02 -31.62

55 -644 35 29.35 3428.72 -512.76 13350.32 -67.21

56L HS -644.35 29.35 3428.72 -512.76 19811.67 -120.04

'56R HS -644.35 71.58 3428.72 ~512.76 19811.67 -120.L4

57L C06A -644.35 71.58 3428.72 -512.76 20718.52 -138.13

57R C06A -644.35 -3428.72 71.58 ~512.76 138.13 20718.52

58L C068 3428.72 -644.36 71.58 -228,57 -422.32 26104.86
58R C068 3428.72 71.58 644.35 -228.57 26104.86 422.32

.
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FACE 331
IMPEIL CORPORATict4 C-20-12 16:CS:34SUPERPIPE YERSIte4 22E ES/31/9D6 SYSTEN: IBM-VMnf!S

D/I ANALIGIS FOR DESI **
*** ANCHGt ADDED 8*-8" $ OF C06* DUE TO LBB CMICERfG ***
** DIRECT VESSEL INJECTIG4 SYSTEM **
ANALYSIS BY C. E. RIDDLE DATE: 8/19/92

LCAD CAOE NC. 2 8 (THNX), FORCES AND NOMENTS IN LOCAL COURDINATES (CGITD.)

RtF4 SOF DCP ' ' AXIAL Y Z XX YY ZZ
CROUP HMS NAME FCRCE FORCE FORCE i1CNENT HCHENT N0HENT

t LB i IL3I ILBI ELB.FT3 iLB.FT I (LB.FT)

RUN1
t CG4TO. )

59 3428.72 71.58 64a 35 -228.57 27368.80 288.18

6D 3429.72' 71.58 644.35 -228.57 28632.75 154.03

61 3428.72 ,71.58 644.35 -228.57 29896.69 22.21
62 A*4C1 3428.72 71.58 644.35 -228.57 31160.67 -114.26

.

4

.
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PAGE 319IPPELL CCRPOR2710N
SUPERPIPE VER$10N 22E 05/31/906 SYSTENs IBM-VHMWS 0-20-92 15:45:34

DVI ANALISIS FOR DESI **
*** ANCHOR ADDED 8'-8" S UF C06* DUF TO LBB COCERfG ***
** OIRECT VESSEL Ir&JECTIG4 SYSTEM **
ANALYSIS BY C. E. RIDDLE DATE: 8/19/92

L
LCAO CASE FC.Dne iTHP1P ), FORCES AND t10MENTS IN LOSAL COURDINATES

RUN SCP DCP AX1AL Y Z *'X YY ZZ
GROUP NMB NAME FCRCE FCRCE FORCE MONENT P101ENT HOMENT

(LB) ( LB I ( LB I (LB.FT) ( LB . FT l ( LB. FT l

PUNI
1 RVic 2880.10 809.50 125.67 8882.34 0.00 13024.57
2 N1 2880.10 809.50 125.67 8882.34 0.00 12727.48
3L RVNA 2880.10 809.50 125.67 8882.34 0.00 11627.32
3R RVNA- 2880.10 125.67 737.54 8882.34 11627.02 7192.33
4L RVN3 3428.72 M4.35 737.54 108.58 13977.11 7917.85

4R RV's 3428.72 809.50 6M.35 108.57 0.00 13082.54
5 3428.72 809.50 644.35 108.57 0.00 12008.11
6 3428.72 809.50 644.35 103.57 0.00 10933.68
7 3428.72 809.50 M4.35 108.57 0.00 9859.25

8 3428.72 809.50 Mw.35 108.57 0.00 10094.63
9 C01A 3428.72 809.50 M4.45 108.57 51 . 0 0 11602.02

10L C018 737.54 3428.72 6%.35 1361.13 109.73 e043.11
10R C01B 737.54 3428.72 644.35 1313.?8 109.73 8043.11

11 757.54 3428.72 M4. 35 1313.98 111.10 2652.44

12 737.54 3428.72 M4. 35 1313.98 112.47 1 35.46

13 SN1 737.54 3428.72 644.35 1313.98 450.65 1896.34
14L CO2A 737.54 3428.72 644.35 1313.98 621.07 1940.23
14R C0ZA 737.54 176.80 0.00 1313.98 0.00 9035.76*

ISL C028 ~ 3426.72 737.53 0.00 1473.19 889.10 12594.67
15R C028 3428.72 C09.50 6 % .35 1473.19 371.03 1154.95
16 HI 3428.72 809.50 M4.35 1473.19 541.48 954.00

17 SNZ 3428.72 '809.50 M4.35 1473.19 711.90 753.06

13 V1 3428.72 809,50 M4. 33 1473.19 882.32 552.11
19 3428.72 809.r.0 644.35 1473.19 1990.07 0.00

20 Y2 3428.72 809.60 M4. 3.* 1473.19 3097.82 0.00

21 3428.72 809.50 M4.35 1473.19 4319.17 0.00

22 3426.72 809.50 M4.35 1473.19 5540.53 0.00

23 3428.72 809.50 6 % .35 1473.19 6761.90 0 .'30
24 3428.72 809.50 644.35 1473.19 7983.26 0.00

25 3428.72 809.50 M4.35 1473.19 9204.62 0.00

26L H2 3428.72 E09.5'J 644.35 1473,19 10425.99 0.00
26R H2 3428.72 0.00 664.35 1473.19 10425.99 C.00
27 3428.72 0.00 6 % .35 '1473.19 11746.76 0 00
28 3428.72 e ,00 6 % .35 1473.19 13067.53 0.00

29 3428,72 .00 M4.35 1473.19 14388.31 0.00

30 3428.72 U.00 M4.25 1473.19 15709.08 0.FJ
31 3428.72 0.00 6%.35 1473.19 17029.86 0.00

32 3428.72 0.00 M4.35 1473.19 18350.63 0.OJ

.
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IMPELL CORPORAT134 PAGE 350
SUPECPIPE VERS!DN 221 05/31/*it SYSTEM: IBM-VM/MVS c-70 92 16:45:34

DVI ANALIS14 FOR DESI **
*** ANCHUR ADDED 8'-8* S OF C06* OUE TO LB8 CONCERNS ***
** OIRECT VESSEL ItOECTION SYSTEM **
ANALYSIS BYt C. E. RIDDLE DATE: 8/19/92

$
LUAD CASE NO.B me iTHMP b FCRCES AND t @ ENTS IN LOCAL COURDINATES ICONTD.)

TAff SCP DCP AXIAL Y Z XX YY ZZ'

GWP MMS NAME Tc:'CE FORCE FORCE NOMENT NOMD.T NOMENT
ELB) ( LB 8 ( LB ) ( LD . F T ) (LB.FT) (LB.FT)

RUN1
(CONTD.)

33 3428.72 0.00 644.35 1473.19 19671.41 0.00
34L C03A 3428.72 C.00 644.35 1473.19 20992.20 0.00

34R CO3A 1428.72 0.00 0.00 1473.19 317.28 20992.20
35L C038 644.36 3428./2 0.00 693.25 1395.36 17310.06
35R C03B 644.I5 0.00 176.80 693.25 17310.0. 729.94
36L H3 644.35 0.09 176.80 693.25 16403.21 898.85

- 36R H3 644.3S 80.58 17).80 693.25 16403.21 898.85
37 644.35 80.58 176.80 6?3.25 9941.96 756.33

38 644.35 80.58 176.80 693.25 3480.67 613.81
39 644.35 80.58 176.80 693.25 514.73 471.30
40 644.35 ?T.58 176.80 693.25 827.43 328.78
41 644.35 80.58 176.80 693.25 1140.13 186.26
42 644.35 80.58 \76.e0 693.25 1452.83 43.74

644.35 80.58 176.80 693.25 1765.53 0.0043 .
644.35 80.58 176.80 693.25 2;78.23 0.0044L C04A

44R C04A -644.36 176.80 90.31 693.25 0.00 35287.17
45L C048 3428.72 644.33 90.31 341.31 640.08 38969.30
45R C048 3428.72 80.58 644.35 341.31 2298.83 640.03
46L H4 3428.72 80.58 644.35 341.31 2299.98 586.92
46R H4 3428.72 29.35 644.35 341.31 2299.98 586.92
47L COSA 3428.72 29.35 644.35 341.31 2301.13 549.84
47R COSA 3428.72. 644.36 5.50 341.31 549.04 37265.08
48L C058 0.00 3428.72 5.53 0.00 305.75 S1878.71
ABR C053 0.00 29.35 3428.72 0.00 2082.85 305.75
49 0.03 29.35 3428.72 0.00 1770.15 255.08
50 0.00 29.35 3428.72 0.00 1457.45 204.40
51 . 0.00 29.35 3428.72 0.00 1144.75 153.73
52 0.00 29.35 3428.72' O.00 832.05 103.C5
52 0.00' 29.35 34I8.72 0.00 1045.58 52.38
54 0.00 29.35 3428.72 0. 0. - 6889.02 1.71

55 0.00 29.35 3428.72 0.00 13350.32 0.00
56L H5 0.00 25.35 3428.72 0.00 19611.67 0.00
56R H5 0.00 '1.58 7428.72 'O.00 19811.67 0.00
57L C06A 0.00 .1.59 3428.72 0.00 20718.52 0.00
57R C06A 0.00 176.80 71.58 0.00 132.13 20718.52
58L C968 3428.72 0.00 71.58 0.00 0.00 26104.S6
584 COGB 3428.72 71.58 644.35 0.00 26104.86 422.32

.
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FAGE 351IMPELL CURPORATIG4
SUPEl. PIPE VERSIG4 22E C5/31/905 SYSTENt IDH-YtVMVS C-%D-S2 16:45:34

DVI .ANALISIS FCR M SI **
*** At#;tCR ADDED C'-8* S OF C06* CUE TU LBB CGaCERPG ***
a* DIRECT VESSEL IPUECTIG4 SYSTEM **
Ai4ALYSIS BY C. E. RIDDLE DATE: 8/19/92

2.
LO2.0 CASE NG.1 M ITHMP), FORCES At4D IC1ENTS IN LOCAL COURDIt4ATES (CCt4D. 8

RUN SCP DCP AXIAL Y Z XX YY ZZ
CROUP NMB NAf1E FURCE FORCE FORCE HOMENT HOMENT f10 MENT

ILB) ILB) (LB) (LB.FT) (LB.FT) ELB.FT)

RUN1
iCONTO.)

59 3428.72 71.58 644.35 0.00 27368.e0 288.18
60 3428.72 71.58 644.35 0.00 28632.75 154.03

61 3428.72 71.58 644.35 0.00 r1896.69 22.21
62 ANC1 5428.72 71.58 644.35 0.00 31160.67 0.00

:



.

PAGE 357
IMPELL CORPORA 77CN 0-20-92 16:45:34
SUPE'.PIPL VEs3 ION 21E C5/31/90s SYSTEM: IBM-VtVMVS

DVI ANALISIS FOR DESI **
*** ANCHOR ADDED 8*-8" S OF C06* DUE TU LBS CONCERPG ***
** OIPECT VESSEL INJECTION SYSTEM **
ANALVIIS BY: C. E. RIODLE DATEt 8/19/92

S
LOAO CASE NO.935 (THMNb FORCES AND NC21ENTS IN LOCAL COORDINATES

RUN S0P OCP AXIAL Y Z XX YY ZZ

CROUP P9B NAME FDPCE FORCE FORCE NC21ENT PT21Et.T NC21ENT

I LB ) . E LB ) (LB) i LB.FT ) (LB.FTP ILB.FT)

1 RVNG -124.36 -737.54 -1968.85 0.00 -3079.83 0.00CUN1

2 N1 -124.36 -737.54 -1968.63 0.00 -3545.55 0.00

3L RVNA -124.36 -737.54 -1968.85 0.00 -7192.33 0.00

3R RVNA -124.36 -1968.85 -809.5C O.00 0.00 0.00

4L RVNB -176.80 0.00 +809.50 -3440.64 0.00 0.00

4R RVNB -176.80 -737.54 0.00 -3440.64 -7917.85 0.00

5 -176.80 -737.54 0.00 -3440.64 -6600.92 0.00

6 -176.80 -737.54 0.00 -3440.64 -5283.98 0.00
$'

7 -176.80 -737.54 0.00 -3440.64 -3967.05 0.00

8 -176.80 -737.54 0.00 -3440.64 -2650.11 0.00

9 CotA -176.80 -737.54 0.00 -3440.64 -1801.27 0.00

10 C018 -809.50 -176.80 0.00 0.00 -2588.53 0.00

11 -809.50 -176.80 0.00 0.00 -1575.47 0.00

12 -809.50 -176.80 0.00 0.00 -562.41 -2738.23

13 SN1 -809.50 -176.80 0.00 0.00 0.00 -8128.91

14L CO2A -809.50 -176.80 0.00 0.00 0.00 -9035.76

14R CotA -809.50 -3428.72 -644.35 0.00 -421.07 -1940.23 |

15L CO2B -176.80 -809.50 -644.35 0.00 -371.06 -1154.95

15R CO2B -176.80 -737.54 0.00 0.00 -889.10 -12594.67

16 Hi -176.80 -737.54 0.00 0.00 -804.12 -12399.60

17 $N2 -176.80 -737.54 0.00 0.00 -719.14 -12204.53

18 V1 -176.80 -737.54 0.00 0.00 -715.06 -12009.46

19 -176.80 -737.54 0.00 0.00 -713.56 -10741.52
- 20 V2 -176.80 -737.54 0.00 0.00 -712.06 -9473.59
g

21 -176.80 -737.54 0.00 0.00 -710.41 -8075.61
f 22 -176.80 -737.54 0.00 0.00 -708.76 - -9000.09

23 -176.80 -737.54 0.00 0.00 -707.10 -9962.02

24 -176.80 -737.54 0.e0 0.00 -705.45 -10923.95

25 -176.80 -737.54 0.00 0.00 -703.80 -11885.89

| 26L H2 -176.80 -737.54 0.00 0.00 -702.15 -12847.82
,

~

26R HZ -176.80 -799.85 0.00 0.00 -702.15 -12847.82

27 -176.80 -799.85 0.00 0.00 -700. 5 -11281.51*

28 -176.80 -799.80 0.00 0.00 -698.57 -9715.20

29 -176.80 -799.85 0.00 0.00 -696.78 -8148.87

30 -176.80 -799.85 0.00 0.00 -695.00- -6582.56

31 -176.80 -799.85 0.00 0.00 -693.21 -5016.24

32 -176.80 -799.85 0.06 0.00 -691.42 -3449.92'

33 -176.80 -799.85 0.00 0.00 -689.64 -1883.60

.
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Pf,CE 3$9It9 ELL CURPCR7,TICN
SUPERPIPE VERSION 22E 05/31/90s SYSTEM: IBit-W1/MVS 0-20-92 15:45:34

DVI ANALISIS FOR DESI **
*** ANCHCR A09ED 8'-8" S CF C06* DUE TU LB8 CONCERNS ***
** OIRECT VESSEL INJECTION SYSTEM **
ANALYSIS BY: C. E. RIDDLE DATE: 8/19/92

b
LCAO CASE HC. Es iNCRitb FORCES AND t10MENTS IN LCCAL CCCRDINATES

RUN SCP DCP AXIAL Y Z r YY ZZ
GROUP MMS NAr1E FURCE FURCE FORCE Mtt1ENT t10 MENT ttMENT

( LD ) ELBI tLB) (LB."T) ( LR. FI ) (LB.FTI

RUN1
1 RVNC 2885.64 2021.86 -1974.50 9215.24 -3 *)2 7.'27 16616.7%
2 N1 2885.64 2008.81 -1974.50 9219.24 -3495.82 15716.72
3L RWA 2885.M 1734.65 -1974.50 9219.24 -7153.07 12648.98
3R RVNA 2885.M -1974.50 -1734.65 9219<24 12M8.99 7153.07
4L RVNB 3436.64 6%.27 -1589.32 -3612.95 14194.48 7881.56
4R RVfB 3436.M 1589.32 M4.27 -3612.95 -7881.56 13289.90
5 3436.64 1303.35 M4. 27 -3612.95 -6564.14 10985.21
6 3436.64 1017.38 644.27 -3612.95 -5248.00 9232.96
7 3436.M -815.63 6 % .27 -3612.95 -3931.22 8033.18
8 3436.M -1101.61 6 % .27 -3612.95 -2614. % 8695.M
9 Co1A 3436.64 -1387.58 6 % .27 -3612.95 -1765.75 11182.61
10L C013 1678.24 3436.M 6 % .27 1325.72 -2760.93 8608.02
10R ColB 1678.23 3436.64 6M.27 1278.56 -2760.93 8608.02
11 1898.22 3436.64 644.27 1278.56 -1747.99 3205.58
12 2118. 1 3436.64 6 % .27 1278.56 -T,5. 05 -2196.86
13 SN1 2338.19 3436.M M4. 27 1278.56 277.r9 -7599.30
14L C0ZA 2375.20 3436.M 644.27 1278.56 448.29 -8508.13
14R C0ZA 2375.20 -3436.64 -M4. 2 7 1278.56 -448.29 8508.13

15L C028 3436.M 2665.85 -644.27 1300.31 85%.78 9848.20

ISR CO2B 3436.M -2665.e6 M4. 2 7 1300.31 -853.78 -9548.20
16L H1 3436.M -2702.66 6 % .27 1300.31 -768.82 -91M.42
16R H1 3436.64 3173.48 M4. 27 1300.31 -768.82 -9166.42
17 SN2 3436.M 3136.47 644.27 1300.31 747.18 -9557.72

18L V1 3436.M 3099.46 M4.27 1300.31 917.58 -9939.77
18R V1 0436.64 2099.46 644.27 130w.31 917.58 -9939.77

19 3436.64 2057.05 M4. 27 1300.30 2025.20 -10733.56

20L Y2 3436.64 2014.64 6 % .27 1300.31 3132.82 -11458.43
20R V2 .3436.64 1014.64 644.27 1300.31 3132.82 -11458.43

21 3436.64 -797.61 M4.27 1300.30 4354.03 -10190.40
22 3436.64 -1062.83 644.27 1300.30 5575.25 -10769.65
23 3436.64 -1328.C5 644.27 1300.30 6796.47 -10911.16"

24 3436.M -1593.27 6 % .27 1300.30 8017.69 -10577.49
t

25 3436.M -1858.49 6 % .27 1300.30 92A. 91 -9768.64

26L H2 3456.M -2123.71 M4.27 1300.31 10460.13 -8484s59
26R H2 3436.64 1487.73 6 % .27 1300.31 10460.13 -8484.59
27 3436.64 1200.93 644.27 1300.30 11780.74 -9522.91

28 3436.M 914.12 644.27 1300.30 13101.37 -10005.54

29 3436.M 627.31 6 % .27 3300.30 1 % 21.98 -9932.50

.
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PAGE 370
IMPELL CORPORATION C-20-52 15:45:34SUPE:, PIPE YEOSION 22E 05/31/90s SYSTEM: IDM-VM/MVS

DVI ANALISIS FOR DESI **
*** Af4CHCR ADDED 8*-8" S 07 C06* DUE TO LBB CONCERtG ***
** OIRECT VESSEL It4JECTIQ4 SYSTEM **
ANALYSIS BY C. E. RIDDLE DATEt 8/19/92

3
LOAD CASE tFJ. W (NORN), FORCES AND NOMENTS IN LOCAL COURDINATES (CONTD. I

RUN SDP DCP AXI%L Y Z XX YY ZZ
CROUP 79 9 NAME rCRCE FCRCE FORCE t10HENT HONENT f10 MENT

ELB7 ( LB t (LO) ( LB. FT ) (LB.FTl ILB.FT)

RUN1
iCorRD.)

30 3436.64 -459.35 6 % .27 1300.30 15742.61 -9303.75
31 3436.64 -746.15 644.27 1300.30 17063.23 -8119.32
32 3436.64 -1032.96 644.27 1300.30 18383.85 -6379.21
33 3436.64 -1319.77 6 % .27 1300.30 19704.47 -4083.40

34L C03A 3436.64 -1606.57 644.27 1300.31 21025.10 -1231.89
34R C03A 3436.64 -644.27 -1606.57 1300.30 1231.89 21025.10
35L C038 6 % .28 3436.64 -1897.23 968.70 -2092.78 17332.97
35R CO3B 644.27 -1897.23 -3436.64 968.70 17332.97 20?2.78
36L HJ M4.27 -1934.24 -3436.64 968.70 16424.14 2540.76
36R H3 M4.27 13 % .49 -3436.M 968.70 16424.14 2540.76

37 644.27 10$0.82 -3436.M 968.70 9948.7? -15 % .20
38 644.27 817.14 -3436.64 968.70 3473.39 -2960.e5

39 6 % .27 553.46 -3436.M 968.70 -3002.02 -3867.83
40 6 % .27 289.79 -3436.M 968.70 -9477.42 -4305.13
41 M4.27 -144.78 -3436.M 968.70 -15952.82 -4272.76
42 M4. 27 -408.46 -3436.M 968.70 -22428.20 -3770.71
43 644.27 -672.33 -3436.64 968.70 -28903.61 -2821.28
44L C04A M4.27 -935.81 -3436.64 968.70 -35379.07 -1625.82
44R C04A 644.28 -3436.64 935.81 968.70 -1625.82 35379.07
45L CD4B 3436.M 6%.27 1226.47 442.02 2154.07 39071.19
4',R C048 3436.M -1226.47 6 % .27 442.02 -39071.19 2154.07
46L H4 3436.64 -1411.50 M4. 27 442.02 -38219.18 3636.75
46R H4 3436 M 1356.38 6 % .27 442.02 -38219.18 3636.75
47L COSA 3436.64 1171.35 644.27 442.02 -37367.17 2056.52
47R C05A 3436.64- M4. 28 -1171.35 442.02 2056.52 37367.17
48L C058 -M4.27 3436.M -880.69 -773.61 -1238.*5 31971.01
48R C058 -6% . 27 880.69 3436.64 -775.61 -31977.01 -1238.95
49 -644.27 617.02 3436.64 -773.61 -25495.61 -2510.19
50 -644.27 353.34 3436.64 -773.61 -19020.26 -3311.78
51 -644.27 89.66 3436.M -773.61 -125 % .86 -3M3.68
52 -644.27 -208.86 3436.M -773.61 -6069. % -3505.91
53 -M4. 27 -472.54 3456.M ' -773.61 1023.80 -2898.47
54 -6% .27 -736.22 3436.M -773.61 6881.34 -1821.35
55 -644.27 -999.90 3436.64 -773.61 13356.75 -320.51'
56L HS -644.27 -1263.57 3436.64 -773.61 19832.20 1752.81
56R H5 -644.27 808.09 3436.64 -773.61 19832.20 1752.81
57L C06A -MA . 2 7 771.08 3436.64 -773.61 20741.02 1573.31

1
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P'GE 371
It1PELL CORPOR.0 TION 0-20-92 16:45:36SUPELPIPE VERSION 21E C5/31/90s SYSTEM: 19tt-wyttvS

DVI ANALISIS FOR DESI en
*** AtCHOR ADDED 8'-8" S OF C06* DUE TO LBB CONCERtG ***
** OIRECT VESSEL ItOECTImi SYSTEM **
ANALYSIS BY: C. E. RIDDLE CATE: e/19/92

3
LOAD CASE PC. 35 (NORtO , FORf.ES AND NOMENTS IN LOCAL COURDINATES (CONTD.)

RUN SCP DCP AXIAL Y Z XX YY ZZ

GROUP ??B NAr1E FORCE FORCE FORCE P10 MENT F10 MENT NG1ENT

ILB) ( LB ) ELB) ( LD.FT A I LB . FT ) ?*%.FT)

RUN1
1Cm4TO.1

57R C06A -M4.27 -3436.64 771.08 -773.60 -1573.31 20741.02
58L C068 3436. % -644.28 480.42 380.60 431.86 26137.15

58R C0bs 3436.M 480.42 644.27 880.60 26137.15 -431.86
59 3436.64 205.90 644.27 880.60 -27400.94 -935.46

60 3436.64 -140.09 6%.27 880.60 286H.76 -930.16

6 '. 3436.64 -414.56 644.27 88G.60 29928.55 -426.85

' . ' . ..E l 5436.M -689.03 6 % .27 880.60 31192.36 607.17

I
1
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IMPftL CCRPCRATION g.20-S2 16:45:54
SUPERPIPE VERSION 22E 05/31/90s SYSTEM: IBM-VM/MVS

DVI ANALISIS FOR DESI ***n ANCHUR ADDED 8*-8" 5 CF C06* DUE TU LBB COCEptG ***
** DIRECT VESSEL DUECTTCH SYSTEM **
ANALYSIS BY: C. E. RIDDLE DATE: 8/19/92

4
LCAD CASE to. N (SSST). FCRCES AND N0MENTS IN LOCAL CCCRDINATES

RtN SOP DCP AXIAL Y Z XX YY ZZ

GROUP tt1B NAME FcRCE FORCE FORCE NOMENT NONENT NOMENT

I LB I (LB) (LB7 (LB.FT) I L8.Fil (LB.FTB

1 RVNU 9673.87 5551.01 9359.57 12474.87 30$36.29 25838.46Rt#41

2 N1 9473.87 5551.01 9359.57 12474.87 27064.13 23162.21

3L RVNA 9473.87 5551.01 9359.57 12474.87 17467.59 13600.41

3R RVNA 9473.87 9359.56 5551.01 12474.87 13600.41 17467.59

4L RVN3 13153.86 2043.99 5551.01 8297.20 11758.27 16091.86

4R RVNB 13158.87 5551.01 2044.00 8297.20 16091.86 11758.27

5 13158.86 5551.01 2043.99 8297.20 12245.34 3755.31

6 13158.e6 5551.01 2043.99 8297.20 8492.98 11356.90

7 13158.86 5551.01 2043.99 8297.20 5048.52 21630.03

8 13158.86 5551.01 2043.99 8297.20 3164.68 32204.45

9L C01 A 13158.87 5551.01 2044.00 8297.20 5078.76 42853.44

9R C01A 13158.87 5551.00 2044.00 8297.20 5078.75 42853.44

10L C018 5551.02 15158.86 2044.00 7253.04 5755.80 33323.00

10R ColB 5551.01 13158.87 2044.00 7255.04 5755.00 33323.00

11 5551.01 13158.86 2043.99 7253.04 2767.01 13812.68

12 5551.01 13158.84 2043.99 7253.04 794.65 5999.89

13L SN1 5551.01 13158.87 2044.00 7255.04 3475.08 25417.09

13R SN1 5551.01 13158.87 507.14 7255.04 3475.08 25417.09 1

14L CO2A 5551.01 13L58.87 507.14 7253.04 3408.99 20701.99 !

14R C0ZA 5551.02. 13158.86 507.14 -7253.04 3408.94 28701.99 |

15L CO28 13158.87 5551.00 507.14 3135.25 6797.40 18280.28 !

15R COZB 13158.87 5551.01 507.14 3135.25 6797.39 18280.28 1

16 HI 13158.87 5551.01 507.14 3135.25 6709.75 36912.62 l

17L . SN2 13158.87 5551.01 507.14 3135.25 6623.38 35546.51

17R SNZ 13158.87 3012.32 507.14 3135.25 6623.38 35546.51

-18 VI 13158.87 3012.32 507.16 3135.25 6538.33 34793.44

19 13158.86 3012.32 507.14 3135.?'S 6021.55 29898.44

20 V2 13158.8 7 3012.32 507.14 3135. ' t 5579.48 '25003.44

21 13153.86 3012.32 507.14 3135.25 5201.55 19606.45

22 13158.86 3012.32 507.14 3135.25 4963.76 14209.46
| 13158.86 3012.32 507.14 3135.25 488t.36 8832.62

| 24 13158.86 3012.32 507.14 3135.25 4976.38 5416.54| 23

25 13158.86 3012.32 507.14 3135.25 5724.79 1984.99
f 26L H2 13158.87 3012.32 507.14 3135.25 5610.46 7380.04

i 26R H2 13158.87 467.32- 507.14 3135.25 5610.46 7380.04
|

,

27 15158.86 467.32 507.14 3135.25 6152.06 6575.04 1

28- 13158.86 467.32 507.14 3135.25 4792.99 E570.18 !

29 13150.86 467.32 507.14 3135.25 7507.99 460. 55 |

I

.
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PAGE 380IMPELL CORPORATION
SUPERPIPE YERSION. 22E C5/31/903 SYSTEM: IBM-VH'MV5 8-20-92 16:45:34

DVI ANALISIS FOR DESI **
*** ANCHUR 100ED 8*-8'' S OF C06* DUE TO LBB CONCERfG ***
** DIRECT VESSEL INJECTICH SYSTEM **
ANALYSIS SY: C. E. RID 0tE DATE: 8/19/92

Ab
LUJ.D CASE trJ. SE (SSST), FCRCES AND MONENTS IN LOCAL COURDINATES ECtNTD.)

RUN SDP DCP AXIAL Y Z XX YY 2Z
CROUP tre NAME FORCE FORCE FCRCE MONENT NOMENT HOMENT

(LB) (LB) ( LB 3 4LB.FT) t LB . FT ) (LB.FT)

RLill
(CONTO.)

30 13158.86 467.32 507.14 3135.25 8277.97 3761.31
31 13158.86 467.32 507.14 3135.25 9059.00 2857.82
32 13158.66 467.32 507.14 3135.25 9931.07 1956.14
33 13158.86 467.32 507.14 3135.25 10796.91 1060.88
34L C03A 13158.87 467.32 507.14 3135.25 11631.26 252.79
34R Cs3A 13158.87 507.14 467.32 3135.25 252.79 11681.26
35L CO3B 507.15 13158.86 467.32 499.40 3:28.00 4191.35
35R C038 507.14 '467.32 13158.87 499.40 4191.35 7228.00
36L H3 507.14 467.32. 13158.87 499.40 7480.24 3258.87
36R H3 507.14 232.84 503.62 499.40 7480.24 3258.87
37 507.14 232.84 503.62 499.40 6585.97 2844.68
38 507.14 230.84 503.62 499.40 5692.58 2430.67
39 507.14 232.84 503.62 499.40 4800.55 2016.96
40 507.14 732.64 503.62 499.40 3910.85 1603.79
41 507.14 232.84 503.62 499.40 3025.51 1191.70
42 507.14 232.84 503.62 499.40 2149.90 782.42
43 507.14 232.84 503.62 499.40 1303.80 185.02
44L C04A 50*.14 - '232.84 503.62 499.40 621.56 167.92
44R C04A 507.14 503.62 232.84 499.40 167.92 621.56

45L C04B 503.62 507.14 232.84 386.62 361.18 931.64
45R CD4B 503.62 232.84 507.14 386.62 931.64 361.18
46L H4 503.62 232.84 507.14 386.62 1453.47 425.71
46R H4 503.62 27.99 507.14 386.62 1453.47 425.71
47L COSA 503.62 27.99 507.14 186.62 2039.85 428.54
47R COSA 503.62 507.14 27.99 386.62 428.54 2039.851

48L C05B 507.14 503.62 27.9* 434.17 351.92 2046.84
48R C058 507.14 27.99 503.62 434.17 2046.84 351.92
49 507.14 27.99 503.62 434.17 1238.97 302.58

- 50 507.14 27.99 503.62 434.17 698.95 253.4.%
51 507.14' 27.99 503.62 434.17 1026.60 204.66
52 507.24 27.99 503.62 434.17 1796.96 156.56
53 507.14 27.99 503.62 434.17 2648.23 110.02
54 507.14 27.99 503.62 434.17 3522.29 68.34
55 507.14 27.99 503.62 434.17 4405.61 47.03
56L H5 507.14 27.99 503.62 434.17 5293.56 68.65
56R' HS 507.14 66.20 503.62 434.17 5293.56 68.65
57L C06A 507.14 66.20 503.62 434.17 5418.43 77.79

.
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PACE 381INPELL CORPffRATION
SUPERPIPE VERSION 22E 05/31/90s SYSTEM: IBM-VM/MVS O-20-92 16:45:34

DVI ANALISIS FOR DESI **
*** ANCHUR ADDED 8*-8" S OF C06* DUE 16 LBB CCNCERtG ***
** DIRECT VESCEL INJECTION SYSTEM **
ANALYSIS BY: C. E. RIDDLE DATE: 8/19/92

M
LOAD CASE ela. A (SSST), FORCE' #ND MONENTS IN LOCAL COURDINATES (CD4TO. )

PLN :.idP DCP 70(iAL Z XX YY ZZ'"

CRCJP F1MB NAHf: FORCE F0k;E FORCE Mater 4T Nm1ENT HOMENT
ILB) IL8) (LB) ( LD . F T ) (LB.FT) (LB.FT)

RW
(Cmf ./

STR C06A 507.14 503.62 66.20 436.17 77.79 5418.43
58L C06B 503.62 507.14 66.20 144.91 351.63 5541.99
58R C06B 503.62 66.20 507.14 144.81 5541.99 351.63
59 503.62 66.20 507.14 144.81 4855.55 229.48
60 - 503.62 66.20 507.14 144.81 4266.70 108.68
61 503.62 66.20 507.14 144.81 3820.50 33.08
62 ANC1 503.62 66.20 507.14 144.81 3570.62 143.19

,
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IMPCLL CORPORATION PAGE ES9
SUPERPIPE VERSION 22E C5/31/90s SYSTEN IBM-VM/MVS S-20-92 16:45:34

DVI ANALISIS FOR DESI **
*** ANCHOR ADDEO 8'-8'' S 07 C068 DUE TO LBB CONCERtG ***
** DIRECT VESSEL IfLIECTION SYSTEM **
ANALYSIS BY: C. E. RIDDLE DATEi 8/19/92

5
LUA0 CASE NO. 36 (SSTI ), FORCES AND NONENTS IN LOCAL COURDINATTS

RtJN SCP DCP AXIAL Y Z XX YY ZZ
GROUP 41B NAME FORCE FORCE FORCE HOMENT MnMENT NONENY

(LB3 ELB) ( LB l . ( LB.Fil ( LB. FT l ( LB.FT l

T. UNI
1 RVNJ 6470.34 3190.72 3803.59 9533.27 19278.79 10738.13'
2L N1 6470.34 3190.72 3803.59 9533.27 17859.19 9431.60
2R N1 6390.04 3001.39 3686.26' 9533.27 17839.19 9431.60
3L RVNA o390.04 3101.39 3686.26 9533.27 13540.73 6076.87
3R RVNA 6282.93~ 3511.61 2730.18 9533.27 6076.87 13540.75
4L RVNB FS85.50 -4135.91 2730.18 9904.99 3929.50 11175.97
4R RVtfB 5600.32 .2260.28 3983.41 9904.99 11175.97 3929.50
5 56 ?O ..'1 2260.28 3983.41 9904.99 12342.49 5290.43
6 56CV.52 2260.28 3983.41 9904.99 13509.00 6651.36
7 5228.81 2170.46 3461.56 99;4.99 17305.45 8975.53
8 5228.81 2170.46 3461.56 9904.99 23731.86 12262.84
9L Co1A 5228.81 2170.46 3461.56 9904.99 30158.27 15550.19
9R C01A 5057.18 3003.24 3502.20 9904.99 30158.27 155bO.19

10L C018 3003.24 5C57.18 3502.20 34235.01 7645,61 12114.04
10R ColB 4165.87 4922.50 4151.04 34235.01 7645. 1 12114.04
11 4145.67 4922.50 4151.04 34234.99 10371.05 11499.36
12 6145.t7- 4922.50 4151.04 34234.99 13096.44 10884.67
13L F '. 4145.87 4922.50 4151.04 34235.01 15821.86 10269.98
13R S o. 5055.51 4759.16 10811.25 34235.01 15821.86 10269.98
14L C0iA 5055.51 ' 4759.16 10811.25- 3423F.01 13213.wl 11416.52
14R CO2A 5494.89 4705.13 10772.28 34235.01 13213.41 11416.52
ISL CO2B 4705.13 54*4.89 10?72.28 3595.95 23699.83 1442P 15
ISR CO28 4690.91 5829.54 10002.79 3595.95 23699.83 1447 .15
16L H1 4690.91 5829.54 10602.79 3595.95 21986.53 1428 s.68
16R H1 4691.23 5898.68 10559.79 3595.95 21986.53 142 9.68
17L SN2 4690.23 .5895.68 10559.79' 3595.95 20474.35 147''.07
37R SN2 4690.31' 5415.42 10511.50 3595.95 20474.35 1416 .07
18L V1 4690.41L 5415.42- 10511.50 3595.95 19206.47 1341,.68

18R 41 5012.69 3631.93 9096.49 3595.95 19206.47 13416.68
5012.69 3631.92 9096.4A 3595.94 22532.27 124'4.73-,

19
. V2 5012.69 3A31.93 9096.49- 3595.9L 25858.09 11432.7820L

20R V2 6237.83. 1233.48 5378.07 3595.95 25858.09 11432.78
21 6237.83 1233.48 ' E378.07 3595.94 32319.34 10261.4E
22 6237.83 -1253.48 5378 07 3595.94 38780.58- 9C90.05-
23 7149.04 2514.69 4053 26 3595.94 45241.87 7918.68
24 7149.04 2514.69 4053.26 3595.94 47918.91 77f+.35
25 7149.04 2514.69 4053.26 3595.94 50595.95 7544.02
26L HZ 7149.04 2514.69 4053.26 3595.95 53273.02 7356.Aa

4
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PAGE 390
IMPELL CORPORATION G-20-t2 16:45:34
SUPERPIPE VERSION 22E 05/31/90s SYSTEH: IBM-VM/MVS

DVI ANALISIS FOR DESI **
*** ANCHOR ADDED 8*-8" S CF C06* DUE T5 LBB CCNCERNS ***

-** DIRECT VESSEL It1JECTION SYSTEM **
ANALYSIS BY C. E. RIDDLE DATE: 8/19/92

5
LOAD CASE NO. m (SSTI), FORCES AND N0HEtRS IN LOCAL COURDINATES (CONTD. )

RUN SDP DCP AXIAL Y Z XX YY ZZ

GROUP ttB NAME FORCE FORCE FORCE HCHENT NOMENT NOMENT
I LB ) (LB) (LB) (LB.FT) ELB.FT) (LB.FT)

RUN1
(CONTO.)

26R H2 8130.62 1896.86 4367.09 3595.95 53273.02 7356.68
27 .8130.62 1896.86 4367.09 3595.94 52614.65 6645.57

28 8130.62 1896.86 4367.09 3595.94 51956.30 5934.47
'29 9144.77 767.31- 5646.99 3595.94 51071.91 5669.73
30 9144.77 767.31 5646.99 3595.94 49735.42 6297.71
31 9144.77 767.31 5646.99 3595.94 48398.93 6925.71
32 10189.33 1288.29 7053.98 3595.94 50330.08 5918.02

33 10189.33 1288.29 7053.98 3595.94 53895.09 4092.50
34L CO3A 10189.33 1288.29 7053.93 3595.95 57460.13 2266.97
34R C03A 10918.70 7104.98 1873.73 3595.95 2266.97 57460.13
35L C038 7104.90 10918.70 1873.73 2295.29 4358.16 66289.44
35R C038 7102.26 2108.64 11059.80 2295.29 66289.44 4358.16
36L H3 ~102.26 2108.64 11059.80 2295.29 67410.87 4671.37
36R H3 7236.39 1410.83- 6584.71: 2295.29 ,67410.87 4671.37
37 7R36.38 1410.83 6584,71 2295.29 58042.12 5325.81
38 7236.38 1410.83 6584.71 2295.29 48673.30 5980.26
39 7977.30 459.23 5731.46 2295.29 40357.71 6489.77
40 7977.30 459.23 5'31.46 2295.29 34148.52 6709.39
41 7977.30 459.23 5731.46 2295.29 27939.31 6929.00
42 9215.19- 1127.00 4657.50 2295.29 25324.97 '5750.6E
43 9215.19 '1127.00 4657.50 2295.29 24508.06 3873.24
44L C04A 9215.19 1127.01 4657.50 2295.29 23691.14 1995.86
44R C04A 10293.53 3515.04 1597.89 2295.29 1995.86 23691.14

1597.89 1229.39 2581.93- 13160.174LL C04S 3515.04 10293.53' . 10806.34 1229.39 13160.17 2581.93
45R C046 - 3165.43 1811.21
46L H4 3165.43 1811.21 10806.34 1229.39 9533.99 4239.33
46R H4 3100.61 1989.09 11164.88- 1229.39 9533.99 '4239.33

47L COSA - 3100.61. 1989.09 11164.88- 1229.39 19808.00 2379.99
47R COSA $304.30 11579.15 1755.17 1229.39 2379.99 19808.00

- 48L C05B 11579.15 3304.30- 1755.17 2242.81 2011.84 30459.23
48R C058 12462.29 1270.52 4420.68 2242 81 30459.23 2011.84
49 12462.29 1270.52 4420.68 2242.81 26672.53 3967.52
50 12462.29 1270.52 ~4420.68 2242.81 22885.84 5923,20

51 13898.17 380.01 5626.25 2242.81 21648.79 7029.20
52 -13898.17 380.01 '5626.25 .2242.81 25510.93 6435.85
53 13898.17 380.01 -5626.25 2242.81 29373.07 5842.51
54 15497.18 1619.75 6426.71 -2242.81 36947.55 4G42.46

.

.
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!lIMPELL CORPORATItH [ -

' 8-20-92 16:45r34
PAGE 391

SUPES. PIPE YERSION4--22E: 05/31/90s SYSTEMr IBM-W1/MVS'

WI ANALISIS FOR DESI **
i - *** ANCHOR ADDED 8*-8" S OF C06e DUE TO LBB CONCERNS **a

**~ DIRECT- VESSEL- INJECTION SYSTEM **
ANALYSIS SY: C. E. RIDDLE DATEt 8/19/92

;

S:
-LOAD CASE NO. M iSSTI),. FORCES AND HOtilTS IN LOCAL COURDINATES ICONTD.)

,

F.UN < SOP DCP AXIAL Y- Z XX YY ZZ
' GROUP tt1B -NAME -FORCE FORCE FORCE HOMENT' HOMENT N0HENT' -

'

tLB) i L8 ) i LB ) , ILB.FTI ( LB. FT I (LB.FT)

'.
7

RUN1 .
itCONTD.)' ^

-1619.75 ,6426.71 2242.81.'; . 55
.H5 -15497.18 11619.75' 6426.72 .2242.81-'

46378.18 3689.07'-15497.18
] -56L 55808.84 2515.68

56R HL 16387.31- 1297.59 6538.48 1242.81: .55808.84 1515.68'

57L C06A 16387.31 1297.59 6538.48L .2242.81 57271.90 2400.44'
57271.901 =57R C06A- 16790.60' 6595.26' --2002.83 -2242.81

2400.44' . 52302.92.} :' 58L C068 .6595.26 .16790.60- 2002.83 2464.50 2300.52..
* 58R C06B 6744.05 336.02. '17716.58.. .2464.50 ~ ,52302.92 2300.52

59 6744.05- 336.02- 17716.57e '2464.50: 57196.01, 1999.35'
1177.81~ 18173.61 2464.49 62009.04 1698.16

.'6998.48 -~
60

6998.48 1177.81- 18173.63; ~2464.50 90095.81' 2498.28-61
62 ANC1~ 6998.48 1177.M 18173.64 - 2464.50 118102.62 3298.40-~

i
1-
i
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P!.GE 3T9
IMPELL CURPORATION 8-20-92 16:45:34
SUPERPIPE VERSION 22E 05/31/90s SYSTEM: IBH-VM/MVS

DVI ANALISIS FOR DESI **
*** ANCHOR ADDEO 8'-8" S OF C06* DUE TO LB8 CaiCERNS m
** DIRECT VESSEL INJECTIm4 SYSTEM **
ANAt* SIS BY: C. E. RIDDLE DATE: 8/19/92

b'

LOAD CASE NO. Et (SSET). FORCES AND NOMENTS IN LOCAL COUROINATES

RUN SOP DCP AXIAL ~ Y Z XX YY ZZ

GROUP NND NAME FCRCE FORCE FORCE N0HENT MONEhT Nm1EPK

(LB) (LB) (LB) ILB.FT) (LB.FT) ILB.FT)

RUN1
1 RVNO 15944.21 8741.72 !!263.15 22008.14- 50115.08 36576.58
2L N1 15944.21 8741.72 13163.15 22008.14 44903.30 32597.79
2R N1 15863.92 8552.39 13045.83 22008.14. 44903.30 32593.79
3L RVNA 15863.92 8552.39 13045.85 22008.14 31008.32 19677.29
3R RVNA 15756.81 12871.17 8281.14 22008.14 19677.29 31008.32s

4L RVNB 19044.36 6179.91 8281.19 18202.20 15687.77 27267.82
4R RVNB 18759.38 7811.29 6027.41 18202.20 27267.82 15687.77
5 18759.37 7811.29 6027.41 -18202.20 24587.81 9045.75
6 18759.37 7811.29. 6027.41. 18202.20 22001.98 17988.26

4 7 18387.66 7721.46 5505.55 18202.20 22353.96 '30605.51
8 18387.66 7721.46 SFC5.E5 18202.20 26896.53 44467.29

9L C01A 18387.66 7721.46 5505.55 18202.20 15237.02 $8403.61
9R C01A 18216.04 8554.24 5546.20 18202.20 55237.02 58403.61

10L C018 8554.26 18216.04 5546.20 41488.04 13401.41 45437.04
10R C018 9696.88 18081.36 6195.04 41488.04 13401.42 45457.04
11 9696.87 18081.36' 6195.04 41488.02 13138.04 25312.04a

12 9696.87 18081.36 6195.04 41488.02 13891.09 16884.56
13L SN1 9696.88 18081.36 6195.04- 41488.04 19296.95 35687.07
ISR SN1 10606.52 17913.02 11318.40 41488.04 '19296.95 35687.07
14L CO2A 10606.5E 17918.02 11318.40 41488.04 16622.39 40110.49

14R CO2A 11045.91 17863.98 11279.42 41488.04 16622.39 40118.494

ISL C028 17864.00- 11045.89 11279.42 6731.16 30497.21 52708.42
' 15R CO2B 17849.78' 11380.55 11109.93- 6731.2b 30497.21 52708.42
16L H1 17849.78 .11380.55 111n9.93 6731.20 28696.27 51181.30
16R H1 17849.09 11449.69 11056.94 6731.20 28696.27 51181.30
17L SNZ 17849.09 11449.69 11066.94 6731.20 27097.72 49726.57
17R SN2 17849.17 *>27.74 11018.64 6731.20 27097.72 49726.57
ISL V1 17849.17 8427.74 11018.64 6731.20 2574.4.79 48210.11

18R ' VI 18171.55 6644.25 9603.63 6731.20' 25744.79 48210.11
19 18171.55 6644.25 9603.63 6731.19 28553.82 42323.16
20L- V2 18171.55 5644.25 9603.63 6731.20 31437.56 36436.22
20R V2 19396.70 4245.80 5885.21 '6731.20 31437.56 36436.22
21 19396.70 4245.80 5885.21- 6731.19 37520.88 29567.86
22 --19396.70 4245.80 5885.21 6731.19 43744.33 23299.52
23- 20307.91 5527.01 4560.41 6731.19 53128.22 16731.31
24 20307.91 5527.01 4560.41 6731.19 52895.29 11147.89

26L H2.
'20307.91 5527.01 4560.41 6731.19 55820.75- 9529.0025-
~20307.91 5527.01 4560.41 4731.20 58883.47 14736.72

.
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- IMPELL CORPORATIM4 PAGE 400
SUPERPIPE VERSION 21E C5/31/905 SYSTEM: IBM-VM/MVS 8-20-72 14:45:3)

DVI ANALISIS FOR DESI **
*** ANCHOR ADDED 8'-8" S OF CC6* DUE TO LDS CONCERfG ***
** DIRECT VESSEL IHJECTImi SYSTEM **
ANALYSIS BY: C. E. RIDDLE DATE: 8/19/92

40
LOA 0 CASE NO. Mr ISSET), FORCES AND HONENTS IN LOCAL COORDINATES (Ca4TO. I

RUti SDP DCP AXIAL Y Z XX YY 22
GROUP MMB NAME F0FCE FORCE FORCE HONENT NOMENT NONENT

(LB) (LB) t LB ) tLB.FT) (LB.FT) E LB.FT )

RUN1
(CONTO. )

26R H2 21289.49 2364.18 4874.24 6731.20 58883.47 14736.72
27 21289,47 2364.18 t.874.24 6731.19 58766.71 13120.61
28 21289.47 2364.18 4874.24 6731.19 58749.29 11504.65
29 22303.62 1234.64 6154.13 6731.19 58579.88 10335.28
30 22LO3.62 1234.64 6154.13 6731.19 58013.37 10059.02
31 22303.62. 1234.64 6154.13 6731.19 57487.92 9783.53
32 23343.19 1755.61 7561.12 6731.19 60261.14 7874.17
33 23348.19 1755.61 7561.12 6771.19 64691.98 S153.37
34L C03A 23348.19 1755.61 7561.12 6731.20 69141.37 2519.76
54R CO3A 24077.56- 7612.12 2341.06 6731.20 2517.76 69141.37
35L CO3B 7612.14 24077.56 2341.06 2794.69 7586.16 70480.75
35R C038 7609.41 2575.97 24218.67 2794.69 70480.75 758~. 16
36L H3 7609.41 2575.97 24218.67 2794.69 74891.12 7930.24
36R H3 7743.53 1643.66 7088.33 2794.69 74891.12 7930.24
37 7743.53 1643.66- 7088.33 2794.69 64628.0S 8170.49
38 7743.53 1643466 7088.33 2794.69 54365.87 8410.93
39- 8484.45 692.06 6235.09 2794.69 45158.25 8506.73
40 8484.45 692.06 6235.09 2794.69 38059.37 8313.17
41 8484.45 692.06 6235.09 2794.69 30964.80 8120.70
42 9722.34 1359.84 5161.12 2794.69 27474.87 6533.04
43 9722.34 1359.84 5161.12 2794.69 - 15811.85 4258.26
44L C04A 9722.34 1359.84 5161.12 2794.69 26312.68 2263.78
44R C04A 10800.67 4018.66 1830.72 2794.69 2163.78 24312.68

.45L C04B 4018.66 10800.67 1830.72 1616.01 2943.11 14091.80
45R C048 3669.06 2044.05 11313.49 1616.01 14091.80 2943.11
46L H4 3669.06 2044.05 11313.49 1616.01 10987.46 4665.04
46R H4 3604.23 2017.08 11672.02 1616.01 10987.46 4665.04
47L COSA 3604.23 2017.08 11672.02 1616.01 21847.84 *808.53
47R COSA 3807.92 12086.29 1783.15 1616.01 2808.53 tiU47_84
48L C058 12086.29 3807.?2 1783.15 2676.98 2363.76 32506.07
48R C058 12969.44 1298.51 4924.h0 2676.98 32506.07 2363.74
49 12969.44 1298.51 4924.30 2676.98 27911.50 4270.19
50 12969.44 1298.51 4924.30 7676.98 23584 78 6176.69
51 14405.31 407.99' 6129.87 2676.98 22675.37 7233.86
52 14405.31 407.99 6129.87 2676.98 27307.83 6592.51
53 14405.31 407.99 6129.87 2676.98 32021.29 5952.52
54 16004.32 1647.73 693L.34- 2676.98 40469.83 4930.80

.
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INPELL CORPORATIMJ PAGE 4C1'

SUPERPIPE VERSION 22E C5/31/90s SYSTEM: IBM-VM/MVS 8-20-92 14:45:3*4

DVI ANALISIS FOR DESI **
*am ANCHOR ADDED 8'-8" S OF C06* DUE T5 LBB CONCERitS ***
** DIRECT VESSEL INJECTION SYSTEM **
Af4ALYSIS BY: C. E. RIDDLE DATE: 8/19/92

6
LOAD CASE PU. er (SSET),' FORCES AND NOMENTS IN LOCAL COURDINATES (CONTD. )

RtN SDP DCP AXIAL Y Z XX YY ZZ
GROUP tt1D NAME FORCE FORCE FORCE N0HENT NDHENT NOMENT

ILBi (LB) (LB) ILB.FT) ELB.FT) (LB.FT)

R\M1
iCONTD.)

55 16004.32 1647.73 6930.34 2676.98 50783.78 3736.10
56L H5 16004.32 1647.73 6930.34 2676.98 61102.40 2584.32
56R HS .26894.45 1363.79 7042.10 2676.98 61102.40 2584.32
57L C06A 16894.45 1363.79 7042.10 2676.98 62690.32 2478.22
57R C06A 17297.74 7098.88 1069.03 2676.98 2478.22 62690.32
58L C068 7098.89 17297.74 1069.03 2609.31 2652.15 57844.89
58R C06B 7247.68 .402.22 18223.72 2609.31 57844.89 2652.15
59 7247.67 402.22 18223.71 2609.31 62051.54 2228.83
60 7502.10 1244.00 18680.75 2609.31 66355.69 1806.64
61 7502.11 1244.01 18680.77 2609.31 93916.31 2531.36
62- ANC1 7502.11 1244.01 18680.79 2609.31 121673.19 3441.53

3

4
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APPENDIX E

DESCRIPTION OF LEAK-BEFORE-BREAK METH0DS

PURPOSE

This appendix describes the common analytical methods and
assumptiens employed in the stabilfty analyses for the System 80+
piping systems presentei in Appendices F to J of this report.

SCOPE
,

The nethods and assumptions presented in this appendix are
applicable to the analysis of the following System 80+ piping
systems:

Main Coolant Loop Hot Leg (HL)

Main Coolant Loop Cold Leg (CL)

Surge Line (SL)

Main Steam Line (MSL)

Shutdown Cooling Line (SC)

Direct Vessel Injection Line (DVI)

For the purpose of the discussion in these appendices, passing LBB
means that the pipeline under consideration has been demonstrated
to be-acceptable for LBB stability evaluation and has passed the
stability evaluation of fI x (NOP + maximum design load) for the
leakage crack length and (NOP + maximum design load) for two times
the leakage crack length, where the maximum design load is-defined
in the Distribution Systems Design Guide. The leakage crack length
is determined by the criteria specified in the Design Guide.

This appendix discusses material properties, leakage crack
determination methods, flow rate correlation, and finite element
models common to the piping systems evaluated in this report.,

'

__
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MATERIAL PROPERTIES

i The detailed analysis of cracks in pipes requires consideration of
the properites of the pipe and the weld materials. Previous work
of Reference (1) has shown that a conservative bounding analysis
results when the material stress-strain properties of the base
metc1 (lower yield) and the fracture properties of the weld (lower
toughness) are used for the . entire pipeline. Methods for,

calculating the leakage crack length generally require a simple
Ramberg-Osgood (R-0) material characterization. The fitting of the
actual data is for this purpose only. It has been found that crack

4

opening area calculations, which are elastic, require that the R-O
curve fit for small strains in order to match assumed flow
correlations. The actual material behavior is input for the finite
element calculation.

Stress-Strain Ctrves

! The HL, CL and MSL are all fabricated from SA516 Gr70. The
material stress-strain curve is taken from the Piping Fracture

| Mechancis Data Base (PIFRAC) , Reference (2). The stress-strain
data are shown in-Figure (1). The data shown in Figure (1) are
used in the finite element analysis. In order to use these data in

,

procedures requiring a R-O mat.crial behavior, the small strains4

characterization are emphasized by the fit.

The crack opening area calculations are very sensitive to the R-O
parameters. Since the crack opening area calculations are
essentially elastic, a good characterization of the elastic, small

.

strain, behavior is required. The R-O fit is shown in Figure (2).

The SC, SL and DVI lines are fabricated with 316 stainless steel.
A low strength 316 material is chosen from the PIFRAC data base,

in the System 80+ design,which bounds the stainless steel used --
.

i The stress-strain data are shown in-Figure (3). The R-O fit to
small strain data is shown in Figure -(4) . The rationale _to the
small strain fit follows the reasoning for establishing the SA516
Gr70 R-O parameters.

!

Material Resista_p_ge Curves !

The material resistance curves (J-R) for-each of the pipelines is -|
taken from the-PIFRAC data base. The J-R material curve for the I

HL, CL, and MSL is for a SA516 Gr70, shielded metal arc weld (SMAW) !

and is shown in Figure (5). A fit to the data used in the
stability evaluation is also'shown in the figure. This J-R curve
bounds the material toughness behavior in any of these pipelines.4

i

a

e -- e , .-
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The J-R material curve plotted in Figure (6) for the SC, SL and DVI
lines is taken from the PIFRAC data base and is for a 304 stainless,

i steel SMAW weld. This curve was taken from a set of data and is a
; lower bound result from a group of data for which significant crack
j extension was measured. This J-R curve bounds the material

toughness behavier in any of these lines. In order to ensure LBB
{ is satisfied for the SC, SL and DVI, which arc relatively small
; diameter pipes, gas tungsten arc weld (GTAW) will be specified for

all shop and field welds. A J-R material curve for GTAW weld will
be developed and will be used in the stability evaluations of these
lines. -

t

The complete summary of material properties and R-O constants are
i given in Table (I) for each of the materials used in these

evaluations. *

,

;

LEAKAGE CRACK LENGTH DETERMINATION
,4

The leakage flow rate used in the LBB evaluation should be based on
; theoretical and experimental data and must be - sufficiently
; conservative to encompass many unknown variables. The following

discussion is applicable to piping systems containing subcooled
liquid and therefore pertains to all pipes reported herein except
the MSL.j

: NUREG/CR-1319, Reference (3), provides a treatment of leakage
| through small cracks considering various uncertainties in , crack
)- definition. NUREG/CR-1319 addresses crack wall surface roughness,
i effective hydraulic ratio of the elongated crack shape, and the

-

possibility that the crack may be longer at the inside of the pipe --

wall than at the outer surface of the pipe, resulting in a
;

convergent opening. For typical PWR conditions-at 2250 psi and
550'Y for a high friction factor of .01, three different inlet and
outlet crack opening areas are plotted on Figure (7) in units of
gpm per square ' inch of crack opening versus outer surface crack
area, Ae. Also plotted in Figure (7) are flow predictions based on
simple orifice flow with a discharge coefficient of 0.6 and also a

-

flow prediction using a Henry-Fauske critical flow model, Reference ''

] (4).
The Henry-Fauske correlation was developed on the basis. of
subcooled flow through nozzles, and provides an' upper bound for
flow through an irregular crack opening. The orifice flow does not,

consider - subcooled water effects, and the constant discharge
,

i

coefficient does not consider the irregular crack shape.. Even so,
ithe orifice prediction falls in the range' of the ' NUREG/CR-1319-

predictions, providing a measure of comparison.
i

-- . . - - . - - - . - - - , ,, -
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The NUREG/CR-1319 predictions show a slight increase in flow rate
per unit of exit area with increasing area, and a large increase
for decreasing Ae/Ao ratio. Since for the purposes of identifying
a through wall crack by means of leakage it would be conservative
to underpredict the flow rate, the lowest value of all of these
various predictions is used. The lowest flow rate prediction is
about 835 gpm/in at 0.001 in . This means that a crack which opens2 z

to slightly greater than 0.001 square inches will leak at least
1. 0 gpm. Application of the factor of 10 safety margin recommended
in NUREG-1061, Volume 3, leads to a leakage area of 0.01 square
inches for this leak rate.,

Another procedure for relating the crack opening area to leakage
rate was developed by EPRI and is used in the PICEP program,
Reference (5). Using a procedure similar to PICEP with
conservative input assumptions, cracks in the pipes considered here
produce leakgae rates of 250 to 350 gpm/in. This implies a
detectable leage area of 0.003 to 0.004 square inches.

2The value of 250 gpm/in was also used in Reference (6) as an
assumed conservative value. The flow correlation 250 gpm/ina 13
used for all lines in these analyses with subcooled liquid. The
acceptability of the leakage crack length is determined from the
area calculation in the finite element analysis using the real
stress-strain law. Therefore, a crack length pertaining to a 1.0
gpm leak rate must have an area of 0.004 square inches.

In order to determine the leakage rate for steam lines, a study
generalizing the previous work has been performed. For a given
size leakage crack length, correlations to predict discharge rates
have been developed based on thermodynamic conditions inside the
pipe. These correlations are based on cnoked _ (" critical") flow
downstreau of a reservoir (" source") at a given stagnation
pressure. Isentropic expansion is assumed to occur between the
source and choke points. The ratio of choke point (" throat" or
" critical") pressure to upstream stagnation pressure is determined
by thermodynamic properties of the steam-water mixture, and is
generally about 0.56 to 0.58. Flow at this cross section is, by
definition, a limiting value and thereby determines discharge rate.
Each correlation, (1) Henry-Fauske, (2) Moody, and (3) Homogeneous,
uses some assumption about the interaction between liquid and
gaseous phases moving at different speeds during the expansion
process.

For a constant stagnation pressure, each correlation provides the
relationship betwwen flow rate and stagnation enthalpy. These
three correlations are compared at 2250 psia and 900 psia in
Figures (8) and (9).

|

/

_ _ _ _ _ _ _ _ _ _ _ _ _
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Low values of enthalpy are associated with subcooled (" compressed")
liquid, ie. , temperatures below saturation ut that pressure. The
saturation enthalpy corresponds to the onset of liquid. boiling. As
enthalpy increases beyond saturation, a two-phase steam-water
mixture is present. While neither pressure nor temperature change,
as enthalpy increases the steam gets progressively " drier", tending
towards 0% moisture (" dry steam"). Any further increase in
enthalpy constitutes superheated steam. The correlations, as

plotted, terminate at the enthalpy corresponding to dry steam (the
onset of superheat) . However, the ASME Steam Tables (Figure 10)
for critical mass flow rate can be used to predlee the discharge of
superheated steam. As Figures (8) and (9) indicate, the
correlations do not yield identical results at the point of>

saturated liquid, but converge as the dry steam enthalpy is
approached.

The Henry-Fauske correlation is an accepted method of computing
discharge ratec which is known to be conservative. Considering the
main loop piping (550 F, 2250 psia) the enthalpy for entering the
curve is based almost entirely on temperature. - The enthapy of
toturated water at 550"F (saturation pressure 1045 psia), the
enthapy of subcooled water at 550'F (2250 psia, " compressed
liquid") is 547.3 Btu /lbm. From Figure (8), the Henry-Fauske

2corrolation yield 23,600 lbm/f t /sec. This is based on choked flow
in the leakage crack, and assumes zero head loss in the rapidly
flowing liquid phase prior to the choke-point. Hence, it is a
conservative result. The Her.ry-Fauske correlation value, 23,600

albm/f t /sec, is equivalent to 1233 gpm/in , where the gallonage is
in terms of condensed water at 200'F.

Discharge rates for dry steam conditions at 900 psia are considered
next. The enthalpy for entering the curve is 1196.4 Btu /lbm which
correspnds to 0% moisture. Note that all three correlations give

2essentially the same result,1500 lbm/ft /sec assuming choked flow.
Therefore, there is no uncertainty about the extent to which the
presence of lj uid water influences the mass flow rate (unlike theg
situation when conditions are near saturated liquid) z. A discharge-

2rate of 1800 lbm/f t /sec corresponds to 93.7 gal /in / min of 200 F.

water. Using the ASME Steam Table, Figure (10) yields an identical
result, as expected.

redicted
This discharge rate is somewhat below that which would be g/sec)for a perfect gas flowing through a nozzle (2350 lbm/ft as
determined by compressible flow equations and based on the throat
to stagnation pressure ratio of 0.585 for homogeneous flow and a
specific heat ratio.(" gamma") of 1.30 for steam. This serves as a
check on the result since steam has slightly adhesive qualities
compared to a perfect gas.

_ _ _ _ - - _ _ -
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From Figures (8) and (9), it is clear that there is lessn

uncertainty in the flow rates of dry steam than subcooled water.'

There is no uncertainty associated with the phase change during
flow through the crack. It is-reasonable then to use a margin oni

the order of 2.0 to 2.5 for the steam flow rate with respect to the
theoretical value. The use of this margin would give a range of 38
to 47 ppm /in of water at 200 F. For simplicity, the value ot 402

; is chosen as a conservative leakage rate for the steam
: gpm/in

line, which corresponds to the 250 gpm/ing flow rate chosen for thef

primary coolant loop piping. The flow correlation of 40
gpm(water)/in is used for the MSL. Again, the acceptability of2

the leakage crack length is determined from the area calculation in
the finite element annlysis using the real stress-strain law. For
the MSL, a crack length pertaining to 1.0 gpm must have an area of '

i

0.025 square inches.

:

FINITE ELEMENT MODEL DESCRIPTION;

Geometry and Boundary Cordjtions

The finite element model for a typical leakage crack length in the
surge line is shown in Figure (11). All the finite element models

,

'

used to model each of the lines are scaled from a base pattern and
look essentially like the model shown in' Figure (11). A clora-up

i

of the crack tip area is shown in Figure (12). The finite element
model is simply a means for applying the pressure and moment'

loading to a section-of-pipe containing the hypothetical crack at
some location in the pipeline. Since the crack is assumed to be

,

aligned with the moment, a quarter symmetry model la used. The
length of the pipe is chosen to at least five (5) pipe diameters in
order that the point of load application not be close to the crack
tip region. The mesh uses 20 node isoparametric solid elements..
Boundary conditions are imposed on the model based upon symmetry
and crack location. The crack surface area is free from'

constraint.'

.

Loadinas

The finite element model is loaded with internal prensure
appropriate to the normai operating conditions of each piping
system. An axial end load traction, which when integrated over the
pipe cross-sectional area, is equal to the continuity axial force,

; is applied to the far end of the pipe. Moments are applied as a
linearly varying traction to the far end of the pipe.,

.- - -_ _ ,
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J-Intecral Calculation

The J-integral is evaluated from the calculated energy release rate
using the virtual crack extension method. A virtual crack
extension generates a strain energy change which, when divided by
the virtual extension, provides the energy release rate. The,

following is the basic definition of J-integral:.

1

S J= 3 X Au
-~

t Aa

| Au = strain energy char.ge (in-lbs.)
4

Aa = virtual crack :tdvance (inches),

t= thickness (inches)
:

Sydtility Evaluationb

There are two aspects to the LBB fracture mechanics method of'

evaluating the stability of a piping system. At each point of
interest,

(1) J < Jg yy

(2) dJ' < dJ
da , da yr

i

i for some amount of ductile crack growth. In order to evaluate the
derivative in the region of the leakage crack length tip location,,

three meshes are used. For a given leakage crack length "1" and
,

model crack length "a ", the three meshes have crack length a -s ,gThe value E is a length appropriate to thea and atS .
t , t

anticipated amout. of stable crack growth. This is indicated in
,

i Figure (13). These three meshes are used in the analysis of the
1eakage crack. Similarly, three more meshes are generated for the<

anlysis of twice the leakage crack length, 2a -5 ,.2a, and
g g

2a +5 ,

i

j In order to determine the critical load at instability, the
material curve, J vs. a, is positluned at the crack tip location
of either a -or 2a . The loading J curves for various J oad levels

t g

a, and a- or 2a 2a , and 2a.are plotted at a .
t t t , t tt ,

Figure (14) indicates this procedure. The point of tangency which
is derived graphically is shown in Figure (14). The loading line,

crack position labeled % is -just equal in J (J =Jyy) andvs.
d_Jtangent to *he material curve dJ =

da , da ,7
.

- ..-.. - - . . . . - - ,
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LBB PIPING EVALUATION PLOTS
,

constructina LBB PioiDg Evaluation Diaarams
,

Jn the course of developing routings and loadings for many
different piping lines, it is not necessary to wait until the fina.1
design to analyze the line for LBB. A method has been developed
which allows for the quick evaluation of the line in advance of tne
piping analysis, so that the LBB can be considered during the-
piping design. The LBB piping evaluation-diagram can be prepared'

.
prior to the piping design and analysis and be used to quickly
evaluate all points in a pipeline. The maximum design load at any*

time during the plant operation in the loading-to be used in the-

stability eaalysis. Traditionally, this loading has been NOP +
SSE. In the case ol' 'ne surge line, a different situation occurs'

with stratified flow. That situation is particular to the surge
line and is discussed in Appendix Go For the present discussion,
the maximum design load is considered to be NOP + SSE.

The LBB piping evaluation plot requires performing two complete LBB
evaluations. The evaluations are for two normal operating leads
(NOP) which span the typical loadings for the line under

.

consideration. A completed typical diagram is shown in Figure
(15) . The procedure used for generating that figure is as follows:

(1) Choose NOP = Pressure + NCP
3

(2) Dete: 'ine a g

(3) Increase the analysis moment until the critical moment is
found for a and 2at g

(4) Separate the critical analysis moment, M, into the
e

correct addition of SSE and NOP3 proportion for the a andt
2a evaluations.t,

(a) M = 6 (NOP3+ SSE ) a analysis
e j g

NOPSSE, = M, -

3
-

b
(b) M, = (NOP + SSE ) 2a analysis

3 g g

SSEg= M, - NOPg

.

w +
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(5) Plot values frora (4a) and (4b) at NOP'. This corresponds ;

to the points labeled 1. in. Figure (l5).

(6) Repeat steps (1) to (S) for NOP . The results are shown
2

| Figure (15), labeled 2.

J

5

Two stability evalutaions must be performed for each pipeline under
i consideration in order to complete the piping evaluation diagram.
1
L

,

!
t Usina a LDB Pipina Evaluation Diaoram *

.

| Once the lines marking the acceptable areas of allowable piping
'

loads are plotted as described in the previous section, all
significant piping load results are plotted. Corresponding NOP and
SSE values for all piping-locations are plotted on the evaluation

i diagram. Figure (16) shows how the plot is used for a hypothetical
line. -Three points failed LBB in this example. The reasons'for,

each failure are given in the figure. The designer can now use
j these results to revise the ' piping design; eg., lower the SSE

response load by rerouting or by adding a snubber. Further review
.

by -he designer may result in other options for reducing the loads.
i

e

i

,

4

a

f

. .

!

>

,

[
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TABLE I
4

MATERIAL CONSTANTS

Sa516 Gr70 (Hot Leg, Cold Leg, Main Steam Line)
u

| Ramberg-Osgood Law Material Characterization

1 E , g (f \" o(, = 2.0,
+ . , c. c.).

} h = 4.5

% = 30,500 psi'

6Modulus E = 28 x 10 pgi

Finite Element Analynis (from PIFRAC Data Base)
3

6Modulus E = 27.7 x 10 pgi
!

Yield = 33.930 psi'

.

; Work hardening slopes derived from
data shown in Figure (1)'

\
4

Stainless 316 (Shutdown Cooling, Surge and Direct Vessel Injection)

Ramberg-Osgood Law Material Characterization

kc - , + A Q, M = 7.06

h = 4.69

6 = 30,000 psi

6Modulus E = 27.7 x 10 pgi
,

Finite Element Analysis (from PIFRAC' Data Base)'

6Modulus E = 27.7 x 10 psi

24.143: psiYield m

'

Work hardening slopes derried from data
shown in Figure (3)

:
,
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Curve Fit to Data
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APPENDIX F

LBB EVALUATION OF THE MAIN COOLANT LOOP

LBB EVAIDATION OF THE HOT LEG

The RCS hot leg was analyzed as a 49-inch OD, 3.5-inch thick pipe.
The material used in this evaluation in discussed in Appendix E.
The NOP loads for this System 80+ evaluation are based on specified
loads from a previous (System 80) ABB-CE plant design. The maximum
design loads for the hot leg are the SSE loads. The SSE loads are
based on System 80+ envelope results of the RCS seismic analysis
for all soil cases. Margin is -included in all loads given to
account for uncertainties. The loads are given in-Table I.

.

A piping evaluation diagram was constructs for the hot leg using
the procedure de9cribed in Appendix E. Ti.a data for this diagram
were generated from two stability analyses. The first was for a
leakage crack determined by pressure only, M = 0. The stability
plots are shown in Figurce (1) and (2). The second stebility
analysis was for a leakage crack length determin<td by pressure and
a moment of 50,000 inch-kips. The stability plots are shown in
Figures (3) and (4). These two stability analyses- are used to
construct the piping evaluation diagram, Figure (5).

The values for the NOP and SSU loading conditions from Table I are
plotted on the diagram in Figure (5). The hot leg passes LBB for
the preliminary loads and assumed lower bound material properties.

P

LBB EVALUATION OF THE COLD LEG

The RCS cold leg was analyzed as a 36-inch OD, 3.0-inch thick pipe.
The mnterial used in this evaluation is discussed in Appendix E. >

The NOP loads for this System 80+ evaluation are based on specified
loads from a previous (System 80) ABB-CE plant design. The maximum
design loads for the cold leg are the SSE loads. The SSE loads are
based on System 80+ envelope results of the RCS seismic analysis
for all soil cases. Margin is included in all loads given to -
account for uncertainties. The loads are.'given in Table 1.

. _.

1

_____._____..___________________-._m _ _ _ _ . _

=j
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,E

i

i

{ ~2-
i

.

} Rather than construct a piping evaluation diagram, a single
: stability evaluation was performed on a pressure only leakage crack

length. The stability analysis of f7 x (NOP + SSE) for the leakage
e

! crack is shown in Figure (6). The maximum NOP + SSE combination
'

was used. The stability analysis of (NOP + SSE) - for 2 times the
:

i leakage crack is shown in Figure (7). The maximum NOP + SSE
j combination of loads at all locations was used.
i

!
i

| RESULTS AND DISCUSSION
i
!

The RCS hot leg and cold leg cicarly pass the stability analysis'

portion of the LBD evaluation for the given loads and lower bound
] material assumptions. The hot leg was analysed using the piping-,

:| evaluation diagram. The utility of this. diagram is that for any
1 changes in the loadings, the pipeline may immediately be reanalyzed
j without any more lengthy J-integral finite element analyses. The
; cold leg was analyzed using a limiting, conservative pressure-only
i crack length and highest combination of NOP and SSE loads at all

locations. The cold leg passed the LBB stability evaluation with
very low J-integral values.

i
1

,
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e

:
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d

4
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I

a

,

!

! TABLE I ,

,

:. PRELIMINARY SYSTEM 80+ MAIN COOLANT LOOP
t

i HOT LEG AND COLD LEG NOP AND SSC LOADS
1

I
1

i

;,

'a
i LOCATION HORMAL~ OPERATION SSE

RUS MOMENT RSS MOMENT
! (inch-kips) (inch-kips)
!

i

i

: Hot Leg

RV Outlet Nozzle 95,800 25,100

!
i SG Inlet Nozzle 43,200 14,700
:

b
! Cold Leg

| RV Inlet Nozzle 11,500 7,300

!
4 SG Outlet Nczzle 7,700 5,200

|
RCP Discharge Nozzle 13,600 6,100

RCP Suction Nozzle 11,700 4,800

$
i

System pressure = 2250 psia

b

:

,

.

p-r
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APPENDIX 0
J

LDD EVALUATION OF THE PRELIMINARY SURGE LINE
1
4

I The surge line was analyzed as a 12.75-inch OD, 1.312-inch thick
pipe. The material used in this evaluation is discussed in

,

Appendix E. The pipe loads are developed and discussed in Appendix4

A. A piping evaluation diagram was constructed for the surge line'

using the procedure described in Appendix E. The stability of thei

leakage crack is evaluated for (NOP + maximum design load) and
i # x (NOP + maximum design load), where the maximum design load is
i either the SSE load or the stratified flow (SF) load. The data for

this diagram were genertited from two stability analysea. The first
was for a leakage crack length determined by pressure + M

(i )a(later). The stability plots are shown in Figures - (1) and 2 .

| The second stability analysis was for a leakage crack determined by
(lator) . The stability plots are shown in Figuresi pressure + M

(4) .2 = hese two stability analyses are used to construct] (3) and T
'|j the piping evaluation diagrams, Figures (5) and (6).
,

a

: For maximum design load = SSE:

i

From the first analysis, Figures (1) and (2):
~

Analysis of a: [2 (NOP + SSE ) = M ,g3 e

SSE = M ,g - NOPg c 3
4

b*

Analysis of 2a: (NOP + SSE ) = M ,n2 e

SSE2 = M ,n - NOP3 c

From the second analysis, Figures (3) and (4):

Analysis of a: 6 (NOP + SSE) = M ,,,3 c

SSE3=Mcatt -N

E
Analysis of 2a: '(NOP + SSE ) M ,n=

4 c

SSE =M NOP-

4 can
. _.

Each of the calculated SSE and NOP values are plotted on the piping
evaluation diagram, Figure (5). -

._ . _ .,_.m. , _.. ._ _-. _.
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,

i
4

2-' -

}

f For maximum design load = stratified flow (SF) loadt
i
4

f From the first analysis, Figures (1) and (2):
i

]
Analysis of a: 6 (SF ) = M |3 eng,

| SF =M,,,3 c
1

i b
,

i
4

; Analysis of 2a: SP; = % ,
1

I |
i |
i From the second analysis, Figures-(3) and (4):

f Analysis of a: 6 (SF ) = M ,gy3 e

j SF3 = M ,,,e

: ci
!

{ Analysis of 2a: SF =M4 cast
4

1

Each of the calculated SF and NOP V. lues are plotted on the piping
4 evaluation diagram, Figure '6).
:
1

The moment, M, will be determined (lator) . Figures (1) through (6)
j will be generated (later),
;

!

I

i

,

4

i
i

;

,

1

4
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APPENDIX 11

MAIN STEAM LINE
,

!
LEAK-BEFORE-BREAK EVALUATION -!

i
e

I

!
I

r

1

k

|
,

.
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1 |
j '

j APPENDIX H

LBB EVALUATION OF THE PRELIMINARY MAIN STEAM LINE

i

1

.

| The main steam line (MSL) was analyzed as a 28-inch ID, 1.5-inch
thick pipe. The material used in this evaluation is discussed in
Appendix E. MSL loads are developed cnd discussed in Appendix B.
The maximum design load was determined to be the SSE load. A-

piping evaluation diagram was constructed for the MSL using the
procedure in Appendix E. The data for this diagram were generated

,

from two stability analyses. The first wac for a leakage crack
6,

1 x 10 inch-lbs. Thelength determined by pressure + M' =

stability plots are shown in Figures (1) and (2). The second-

stability analysis was for a leakage crack length determined by'

pressure + M = 50 x 10 inch-lbs. The stability plots are shown in6
4

Figures. (3) and (4). These tuo stability analyses are used to
ccnstruct the piping evaluation diag' am, Figure (5,.

;
3

! From the first analysis, Figuree (1) and (2):
2

;

Analysis of at 6 x (NOP + SSE ) =M NOP = 1 x 10 in-lb6
3 cgi, 6

i M = 3 2. 6 x 10 in-lb
6

I SSE (32.6 - 1) x 10=
3

0
t

6
j SSE 22 x 10=

3

i
4

6Analysis of 2a: (NOP + SSE ) = M ,,, NOP = 1 x 10 in-lb
2 c 6M = 13.4 x 10 in-lb

.

6
SSE2= 12.4 x 10

:

4

I

,

4

.%, c, i.--,e. -..~,--...c . . , -,---4 ..ir-- --c-.= r v -
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|
:

i

1 -2-

1

i

From the second analysis, Figures (3) and (4):
:

j
Analysis of a: {2 x (NOP + SSE ) = M ,,, W= 5xd h-2 b

3 c
M = 37 . 5 x 106 in-lb

6 |5) x 10SSE3= (37.5 -

.

b
,

6
SSE3= 21.5 x 30

,

1

Analysis of 2a: (NOP + SSE ) = M ,37 m= 5xW h-R
4 e

M = 2 0. 5 x 1061n-lb 1

SSE = 15.5 x 1(/
; 4

! Each of these calculated SSE vs. NOP values are plotted on the
piping evaluation diagram, Figure (5).
The NOP and SSE piping loads from Appendix B are. summarized in
Tables I and II. The NOP and SSE '.oads are' cross-plotted on the
piping evaluation diagram, Figure (5), and all points in the line

;

|
are shown to pass LBB.

,

|

\

|'

!

- . - _ . . . . - , . . - - . . . . - . - . . . - - . - . . - . -
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i

N
e

TABLE I

PRELIMINARY SYSTEM 80+ MAIN STEAM LINE

NOP LOADS

LOCATION POINT M M RSS MOMENT

(ft-1b) (fE-lb) (in-lb) x 10''##

1 399,766 61,265 4.85
2 286,304 32,905 3.46
3 87,290 118,684 1.77-
4 18,375- 80,246 0.99
5 51,743 80,246 1.12
6 41,490 92,480 1.22
7 1,032 215,206 2.59
8 48,929 1,193,969 14.30
9 23,205 512,392 6.15

10 47,502 1,125,951 13.50
11 50,442 1,092,779 13.10
12 41,441 939,114 11.30
13 19,162 311,093 3.70
14 21,341 365,042 4.38
15 144,421 113,310 2.20
16 206,115 471 2.47
17- 211,885 10,688 2.54
18 938,075 33,312 11.30

_ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _
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!

3

4

I,

i
;

,

TABLE II,'

s

PRELIMINARY SYSTEM 80+ MAIN STEAM LINE

SSE LOAD 4
i

i
j

i

LOCATION POINT H M RSS MOMENT*

i (ft2 b) ( f k*-lb) (in-lb) x 10 45
1

i

} 1 1,039,879 571,269 14.2

2 517,093 286,633 7.1

i_ 3 414,491 297,315 6.1
4 4 441,966 446,924 7.5

5 649,210 446,735 9.4*

6 222,917 405,273 5.5
;

7 160,724 232,030 3.4
,

8 525,076 865,389 12.1
;

; 9 180,342 411,113 5.4 i

! 10 296,082 215,747 4.4

| 11 340,332 329,484 5.7

12 303,088 321',605 5.3'

13 143,502 208,991 3.0-

: 14 175,804 259,808 3.7 ,

j 15 150,272 126,952 2.4
16 220,817 163,335 3.3'

17 229,075 168,545 3.4

| 18 979,682 680,325 14.3'
:

b

$
<

|

9

4

4

4

4

T

:

,

3

d
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APPENDIX I.

I
i

'- LBB EVALUATION OF THE PRELIMINARY SHUTDOWN' COOLING LINE
1

,

l.
j The shutdown cooling line was analyzed as'a 16.00-inch OD, 1.438-

inch thick pi.ac. The material:used -in this evaluation is discussed
;f in Appendix E. The pipe loads arc developed and discussed- in

:jAppendix C. A piping evaluation diagram was constructed for the2

; shutdown cooling line using the procedure described in Appendix E.-
! The data for -this diagram _ were generated from two stability
j analyses. The first we.s for a leakage-crack length _ determined by
| pressure + Mi = (later) . - The stability plots are shown in Figures

- (1) and'(2). The second stability analysis was for a leakage crack
: determined by pressure _+ M (later). The stability plots are=

(2 ) . These two -stability -analyses arep shown in Figures (3) and 4
. used to construct the piping. evaluation _ diagram,-Figure (5).

| The LBB e'raluation of the - shutdown cooling line is performed for
the normally pressurized portion of the line, based on.the--Appendix' *

| C loads analysis for the anchor-to-anchor portion of the-line.
!

; From the first analysis, Figures (1) and (2):

j- Analysjs of a: [2' (NOP + GSE ) = M ,,,g c

SSE3=Mcali 3
- NOP

4 -
| i2

; Analysis of 2a: (NOP + SSE ) =M2 cast
4

SSE2*Mcati - NOPt

f
4

i

f From the second analysis, Figures (3)--and (4):

Analysis of a: [2 (NOP + SSE ) =M *

3 eg,7

|
j. SSE3 = M ,37 -_NOPe

L ff,

1-
Analysis of 2a: (NOP t. SSE ) =M4_ casr ,

p-

j - SSE4=Mcarr dM
] Each of the calculated SSE and-NOP values are plott ed on the piping

evaluation diagram, Figure (5).-
.

4
--. _

I
i - The moment, M, ,will be determined (lator) . Figures (1) through (5)
j- - w.tll be generated (later).-
I I
i

<
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4- DIRECT VESSEL INJECTION
j

LEAK-BEFORE-BREAK - EVALUA' PION
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| APPENDIX J
L
I

LBB EVALUATION OF THE PRELIMINARY DIRECT VESSEL INJE:: TION
:

,

t'
4 '

i
! The direct vessel injection line:was. analyzed as a.10.75-inch OD,;
i 1.0-inch thick pipe. The material used in this evaluation. is
| discussed in Appendix E. The pipe -loads are developed' and

~

; discussed in Appendix D.- A piping .~ evaluation diagram was
!- - constructed for the direct vessel injection cooling line using.the
i procedure described in Appendix E. The data for this' diagram Wero

{ generated from two stability analyses. The first was for a leakage-

| crack length determined by pressure + M, = (later) . - The' stability-
e plots are.shown:in Figures (1) and (2). The second stability
I ana'ysis was ~ for a ~ leakage crack determined :- by pressure + M "

2
-

! (later). The stability plots are shown.in Figures -(3) and - (4 ) . -
|- These two stability analyses are -- used to cc,nstruct. the piping

evaluation diagram, Figure. (5).
. .

; From the first analysis, Figures (1) and-(2):
1

[- Analysis of a: h (NOP + SSE ) M=
g cati

f GE M ~N=j cati 1

5,

:
i Analysis of 2a: (NOP + |1:st ) *M2 mit

SSE2*McRIT- ~ EE

i

{- From the second. analysis, Figures _(3) and. (4) :

Analysis of a: \l 5 (NOP + SSE )- = M3 catt

j SSE -= M ~ NOP-3 cRI .,.

i {i-
p

Analysis'of 2a: (NOP .+ SSE ) =M4 4 cati
:
'

S S E ,. = M ,g7 - WRf e
:

f- -Each of the calculated SSE and NOP values are plotted .on the piping - j
evaluation diagram,-Figure (5) . -

. . _.

'

l
i -

Figures (1) | through.'(5).- |

!The moment, ' M, will. be determined (later) .I" -

-:

|. will be generated (later).
~ '

:

; a

1

! ' l
t-

i-

b| _ j'
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i- SAMPLE ASME CLASS 1 PIPING ANALYSIS
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SAMPJ,E ASME CLASS 1 PIPING-ANALYSIS

Purpose'

This appendix summarizes the results of a sample ASME Class 1
stress analysis. The System 80+ 'Shutdoun Cooling line in the
React'or Building is used as the sample model. The piping included-
in the model is represented in. the isometric sketch shown in
Appendix C. The analysis model originates at the hot leg nozzle
and terminates at the Reactor Building penetration. . Anchors are
modelled at these locations. The model also includes additional 'piping for the relief valve discharge to the holdup volume. All
applicable design conditions, loadings, codes, and - - regulatory
requirements are met in the analysis as define.d in=the System 80+
Certification Program Draft Distribution Systems Design Guide,
Reference 2.

Method

Tne piping- is modelled as a three dimensional fralucwork for
analysis. Static analysis is performed by the Direct Stiffness
Method and a simple Lumped Mass Idealization is used to determine
mode shapes and frequencies for the dynamic analysis. This piping
is analyzed using the SUPERPIPE computer program.

References and Desina. Inputs

1. ASME Boiler and Pressure Vessel Code, Section III, 1989.

2.- Oraft Distribution Systems Design Guide.-

3. ABB-CE Letter dated 4/21/92 to R.W.,Bonsall enclosing
7Preliminary Thermal Movements and SSE Seismic Anchor

Movements.

4. ABB-Impell memo dated S/21/92 to ABB-CE, Attn: R.A.
Matzie enclosing System 80+ N-411 Spectra and SAM.

.

5. ABB-CE Letter dated . 6/16/92 to R.W. Bonsall enclosing
Vibratory Motion .at Steam Generator Nozzles Due to
Feedwater Line Break.*

6. ABB-CE Letter dated 5/8/92 to R.W. Bonsall enclosing
Thermal Transient Data.

7. System 80+ Shutdown- Cooling System Piping and
Instrumentation Diagram.

8. System 80+ Nuclear Island Detailed Arrangement Drawings.

<

$
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! results
3- -

a

{ The following pages provide the Class'l-code compliance ~ check of
ASME code equations for the pipe as _ modelled. As additional design

|_ information becomes available, it will be' included in a final
! analysis. Results from the detailed -analysis include pipe-

dinplacements, forces, moments, and stresses, support / restraint;

4 loads, and nozzle loads (anchor loads), Since the analysis is
preliminary _and-design information is net available for allowable,

; nozzle or penetration loads, it is not within the scope of the
| calculation to evaluate those loads.
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PAGE EMIhPELL CORPORATION
SUPERPlPE VERSIDH 22E 05/31/906 SYSTEH IBH-VM/MVS 0-24 *;2 9:19:32

ADVANCED LIGHT HATER REACTOR rma XI Z Stts, X SMO AT X05B
CP 10t8'.L ROUTING 7 FRON DESI
16" SHUTDOF#1 COOLING LINE

ASNE SECTI0t' III CLASS 1 CODE COMPLIANCE SUMIDRY
'

FG-3640 PRES 50RL DESIGN OF CUMPONENTS

HAXINLH RATIC OT DESIGN PRESSURE TO EQ. 3 ALLOhABLE PRESSURE tRATIC OF 1,0 IS ACCEPTABLE)

RUN ' SOP OCP COMP SECTION PRESSURE
NAME t30. t4ANE TYPE NAME RATIO

i

RUN1 3R 2A STRP 16S140 0.89

SINCE THE RATIC DOES frJT EXCEED 1.00 THE CODE REQUIREMENTS FOR STRP, CRYP kND BELB COMPetJENTS UNDER INTERNAL PRESSURE ARE ME7

.
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PAGE C59
' It> ELL CORPORATION '

SYSTEM IBM-VM/lfi3 8-24-92 9:37:32
' SUPERPIPE' YERSION 22E -0E/31/90s

ADVANCED LIGHT HATER REACTUR *** XI Z SNtB, X StiJB AT XOTE
, UPTIG4AL ROUTIts 7 FROM DESI

16" StrJT00Pt4 CUCLING LINE

- ASME SECTION III CLA331 Ct?JE CCHPLIAtCE SuMARY

PB-h692 CCNSIDERATION C? DESIGt4 CG4DlTIONS

MAXIMlli RATIC OF EQ.9 STR"S TO 1.50SH*

RUN SCP OCP COMP SECTIM4 MATERIAL JTRESS
NAME NO. HAME TYPE taAME - ' hat'E . RATId

RGal 3H 2A ANTT ANTT-NCZ SA376 TP316 0.41
RUN1 3R 2A STRP 16S140- SA376 TP316 0.43

,

SINCE THE RATIC DOES NOT EXCEED 1.0 THE CCDE REQUIKfMENTS FOR PRI:1ARY STRESSES' ARE NET

1.

T

t

-

_ _ _ . _ . _ _ _ _ _ _ _ _ _ _
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PI.GE 860It'PELL CORPORATIM4
5t>PERPIPE VER$10N '22E US/31/TOs SYSTEM: IBM 4m G-24-Y2 ?s 39:3?.

' ADVANCED LICHT HATER REACTO't E*w X1 Z St1UB, X StAD AT XOSB
OPTIO!4AL ROUTING 7 FROM DESI
16" SHUTDotal C00 LING LINE

ASME SECTIC'4 III CLASS 1 CODE COMPLIANCE StRtiARY

te-3653, tB-3654 CD'ASIOLRATION OF LEVE1. A AND B SERVICE lit *ITS

MAXIta)N CUNULATDE USAGE F ACTOR

Rtk4.SUP DCP COMP SECTION MATERIAL USAGE
NAME No. NAME TYPE NAME NAME FACTOR

RikJ1 1R 1 STRP RIGID SA376 TP316 0.00
Rtkil 2L- 2 STEP RIGIO SA376 1P316 (1.00
Rt#41 2R 2 STRP 3XTK SA376 TP7'6 0.00
Ri#41 3L 2A STRP 3XTK S2376 TPM6 0.00
Rtk11 3H- 2A AHTT ANTT-N0Z SA376 TP316 - 0.00
RtAll - 3R 24 STRP 16SMO SA376 TP316 0.00
RIA41 4L . A014 STRP 16S140 SA376 TP316 0.00'

'It241 4H A01A AMBH AHBH S.T76 TP316 0.00

RtA41 4R A01A EELB 16S140 SA. '6 TP316 0.00

Rthil 5 bELB 16S140 SA1. TP316 0.00
Rtill '6L A01D BELB' 16S140' SA376 TP316 0.00
RtA41 bH A018- ANBH ANBH SA376 TP316 0.00
Rt#41 6R A01B STRP '16S140 SA376 .P316 0.00
RIA41 7 STRP 16S140 SA376 TP316 0.00

RtAll 8 STRP 16S140 SA376 TP316 0.00

KlR41 9 STRP' 163140 SA376 TP316 0.00

RtAll 10L AIA STRP 16S140 SA376 TP316 0.00

Rt#11 MH AIA AHE44 ANtW S4376 TP316 0.00
Rthel 10.' A1A BELB 16$190' SA376 TP31th 0.00

RtXJ1 ' 11 - 'BELB 16S140 SA376 TP316 0.00

RtA11 12L A1B BELB 16S/.40 SA376 TP316 0.00
. HBH ANCH ,SA376 TP316 0.00RINt 12H Als *

RtM1 12R A1B STRP 16S140' SA376 TP316 0.00

Rttf1 13 STRP 165140 SA376 TP316 0.00

Rtkil 14 STRP 16S14C- SA376 TP316 0.C0
RtAJ1 15 STRP ?6S140 SA376 TP316' O.00
Rttil 16 STRP 16S140 SA376 19316 6,00

RtK11 17 STRP 16S140 SA376 TP316 0.00
RtR41 Id STRP 16S140 SA374 (P316 0.00

RtA41 19L X01A- STRP 16S140 SA376 TP316 .0.00

. Rtkil 19H *f01A AHDH' AHBH SA376 TP316 0.00

Rttil 19R X01A BItB 16S140 SA376 TP316. ") . 00

RtR11 20 BILti 16S140 SA376 TP316 0.00
Rftil 21L X0IS BELB 16S140 SA376 TP316 0.00
Rttil 21H X01B AHBH AFBH SA376 TP316 0.00

.

.

.

?

- - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ , _ _
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F AGE C61
G-24-52 9:39:32

INPELL CORPORATIM4-
SUPERPITE VERSICt1 22E OF/31/905 SYtTEH: IBM-VWHYS

ADVANCED LIGHT HATER REACTOR m XI Z S*A.B. X SNUB AT X058
OPTIO.tAL ROUTING 7 FROM OESI

- 16" SHUTDCHN COOLIt!G LINE

ASME SECTIm1 III CLASS 1 CODE COMPLIANCE Stk1 MARY

ND-3653,PB-3654 CQ4SIDERATP1H OF LEVEL A AHD E SERVICE LIMITS (C14TDi)

MAXINUM CIE1tJLATTYE USAGE FACTCP

RUN SDP DCP CCHP SECTIM4 MATERIAL USAGE

NAME NO. NAME TYPE NAMR NAME FACTOR

fttRil 21R X01B STRP 16S140 SA376 TP316 0.00

Rttil 22 S TRP 16S140 SA376 TP316 7.C3
Rt241 23 STRP 16S140 SA376 TP316 9.00
Rt#41 24 STRP 16S140 SA376 1P316 0.00

Rt241 25 STRP 16S140 'SA376 TP316 0.00

RtA41 76 STRP '16S140 SA376 1P316 0 00

RtJN1 27 STRP 16S140 SA376 TP316 0.00

RtA41 28 STRP 16f140 SA376 TP316 0.03

R~A41 : 29 STRP leS140 SA376 TP316 0.00

RtN1 3CL Xn2A -STRP 16S140 SA376 TP316 0.00

Rt*41 3 0** Xu2A AHBH ArBH SA376 TP316 D.00
Rt241' 30n XOZA BELB 16S140 SA376 TP316 0.00

Rt#di . 31- DEL.B 16S140 SA376 T'516 0.C0
RtJ41 32L XO2B BELB 16S140 SA176 TPsi6 0.00

RtR41 32H X02B ANBN AHBH SA376 TP316 0.00

Rthil I2R' X028 STRP 163140 S.*.376 TP316 0.00

: 33L X1 STRP 16S140 SA376 TP316-' O.00
Rt#41

'Rt241 34L v.03A .STRP 16S140 SA376 TP316 0.30

Rt#41 34H X0;A ANDH AHBH SA376 TP316 0.00

Rtt41 34R XO3A BELB 16S140 SA376 TP316 0.00

Etkil 35 BELB 16S140 SA376 TP316 0.00

RttJ1 36L X038 BELB 16S140 SA376 TP316 0.00

Rt241 36H XO3B ANBH ANBH SA376 TF316 0.00
RtR41 36R XO3B STRP 16S140 SA376 TP316 0.00

th241 37L XX1 STRP 16S140 SA376 TP316 0.00

' Rt#41 38 STRP 163140 SA376 TP316 0.00

Rttil 39 STRP 16S140 SA376 O 316 0.00

Rtkil 40 STMP 16S140 SA376 !,*316 0.00

RtA41 41 STwP 16S140 SA176 TP316 0.00

Rt#41 - 42 SIRP 16S140 SAS76 TP316 - 0.C0

RUN1 43 STRP 16S140 SA376 TP316 0.30

RtAll 44 STRP 16S140 SA376 TP316 0.00
Rikel '45 STRP 16S140 SA376 TP316 0.00

PtR41 46L - XO4A 'STRP . 16S140 SA376 TP316 0.00
RtA41 46H XO4A AHBH ~ ANBH 'SA376 TP316 0.00

-

.

t

,.

@

_u: _ _ _ _ _ . . _ _
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PAG" 862
IMPELL CORPORATION 8-24-52 S:39:32

~SUPERPIPE -VERSIO4 flE 05/31/906 SYSTEH 78tH-Vrt4fC,
ADVANCE 0 LICHT HATER DiaCTG2 H e X1 Z SNUD, X Si4US AT XO50
CPTIONAL ROUTING 7 FRMI DESI
16" SHtf.DG44 COULING lit 4E

ASME SECTIM4 III CLASS 1 CODE COMPLIANCE St#ttARY

l'3-3653, IB-3654 ' CNJSIDERATION OF LEVEL A AND B SERVICE LIMITS ( Cf24TD. )

MAXINLkt CUNULATIVE USACE F ACTOR

Rt#4 SOP DCP CONP SECTION MATERIAL USAGE

NAME NG. NAME TYPE NAME f4AME , FAC10R

Rit41 46R. XO4A BELB 16S140 SA376 TP316 0.00

RtA41 47 BELB 16S140 SA376 TP31(. 0.00

Rtkt1 48L 'XO4B BELB 16S140 SA?76 TP316 0.00
;2t241 ASH XO4B ANBH AHBH SA376 TP316 0.00

RLk11 48R F048 STRP 16S140 SA376 TP316 0.00

Rt#41 49L X2'STRP 16S140 SA376 79316 0.00

RUN1- 50L XOSA STRP 16S140 SA376 TP316 0.00'

Rt241 - 50H XOSA ANDH AFC,H SA376 TP316 0.00
RUN1 50R XOSA BELD 16S140 SA376 TP31c 0.00

,

Ptill 51 BELB' 16S140 SA376 TP316 0.00 1

|
t RUN1 52L X058 BFLB 16S140 SA376 TP316 0.C9

RL441 52H XOSC ,AHBH' A>OH SA376 TP316 0.00-

Rtkil 52R X05B STRP 165140 SA376 TP316 0.00s

Rt#41 53L 3;STRP 163140 SA376 TP316' O.00
RUN1 53H 3 ANT * ANTT-VLV SA376 TP316 0.00 '

Rtkil 55H ,5 ANTT ANTT-VLV SA376 TP316 0.00 1

RUN1 SSR 5 STRP 16S140 SA376 TP316 0.00

Rikel 56L A04A STRP - 16S140 SA376 TP116 0.00

fitRG 56H A04A -ANBH ANBH SA376.TP316' O.00
Rt241 56R A04A BELB 16S140 SA376 TP316 0.00

Rttil 57 BELB 16S140 SA376 TP316 0.00

RlJ41 58L A04B BELB. 16S140 SA376 TP316 0.00

I Rt241 58H A04B AHBH ANBH SA376 TP316 0.00

| Rtkil 58R AD^9 STRP 165140- SA376 TP316 0.00

Rikil . 59L 4 STRP 16S140 SA376 TP316 0.00
'

Rt241 59H L ANTT ANTT-VLV' SA376 TP316 U.00
l 1

SIPCE tie USAGE FACTOR DOES NOT EXCEED 3.0 TH8! CODE REQUIREMENTS FOR SECG4DARY AND PEAK STRESSES A3E NET

i

-

-

m

_ - . . . , _
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(NPELL CORPORATIm4 PAGE C63
IUPEL. PIPE VEWSION 22E 05/31/90s SYSTT'1: IDH-Vtt/MVS 0-24-92 9:39:32

,

ADVAerED LIGHT NATEA' REACTOR *** XI Z STAS, X STAB AT XOSP.r
*

7' CPTIONAL ROUTitG 7 FROH DESI
16" SHUTDM41 CCULING LINE

\SME SECTION III CLASS 1 CODE COMPLIANCE Sutt1ARY

fB-3156.1 C0tGIDERATION CF LEVEL D SERVI 4E CONDIT10tG - PERHISSIBLE PRESSLRE

HAXINUM RATIG 0F LEVEL D PRESSURE TO EQ. 3 ALLO 4ABLE PRESSURE (RATIU CF 2.00 IS ACCEPTABLE)

RUN SCP DCP COMP SECTION PRESSURE
NAME NC. . NAME TYPE NAME RATIO

Rtt41 3R 2A STPP 16S140 0.89

SItCE THE RATIS DCES NOT EXCEED 2.00 THE CODE REQUIREHENTS FOR STRP, CRYP Af4D BELB Cm1PONENTS If4 DER INTERNAL PRES $UltE ARE MET

.fe-3656.2 C0fGICERATION CT LEVEL D SERVICE C0trITI0tG - ANALYSIS OF PIPItG COMPtJt4EffTS<

ttAXINUM RATIO CF EQ.9 STRESS TO 3.00SH

.

Ruti SUP DCP CCHP SECTION MATERIAL STRESS
NAIT NO. NAME TYPE tote NAME RATIO

Rttil 4R A01A BELB 16S140 SA376 TP316 C"

' SINCE THE RATIC DCES NOT EXCEED 1.0 THE CUDE REQUIREHENTS FOR PP W AY STk N ES ARE |1ET

;. *

s

8

. _ _ _ _ _ _ . - _ . - - _ _ . . - - - _
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1 SAMPLE ASME CLASS 2/3-PIPING ANALYSIS
1
s
e

3

i
j 6

; ..

I

!
4
4

i
'

-

,

d

f-
i

r

a

i
f
I'

I
I
4-
l.

.'
t
4
<

!-
t
i
i.

# >

-

!
.
4

-

e

5
i
<-

i- 1

i
i
t

i.
Y
:

t

1

1

.

'.

:

d

a

f.

!

*

i

d

-C, e e.w ._ d,+v+ ,,%r.-s u , ec'w e m .-wwyw e ,4 w.. 5--pvr w v ,, ,-e4..ww-.we-- 3%,4 way y * p gs- a %-.ge= v e rp , s ir e s .a -y gw .ry--e ew .er % agwr, --,c.ws, ar e n.- 4 y



s

RM_ ELE ASME CLASS 2/3 PIPING ANALYSUI

Purpose

This appendix summarizes the results of a sample ASME Class 2/3
1 stress analysis which includes a postulated pipe _ break analysis.,

The Systea 80+ Feedwater economizer line in the Reactor Building is
j used as the sample model. The piping included in the model is
j represented in the isometric sketch shown.on the following page.
| The' analysis model originates at the Steam Generator nozzles and

terminates at the Main Steam Valve House exterior wall. Anchors;

are modelled at these locations. All applicable design conditions,4

loadings, codes, and regulatory reqairements are met in the-

analysis as defined in the System 80+ Certification _ Program Draft'

.Discribution Systems Design Guide, Reference 2.
~

'
Hethod

j

i The piping is modelled as a three dimensional framework for
j analysis. Static analysis is performed by the Direct-Stiffness

Method and a simple Lumped Mass Idealization is used to determine-

mode shapes and frequencies for the dynamic analysis. This piping,

|
is .nalyzed using the SUPERPIPE computer program.

:

ILeferences and Deaian Inputu
_

| 1. ASME Boiler and Pressure Vessel tode, Section III, 1989.
I

2. Draft Distribution Systems Design Guide.'

3. ABB-CE Letter dated 4/21'92 to R.W. Bonsall enclosing
Preliminary Thermal Move acnts and SSE _ Seismic Anchor<

Movements.

| 4. ABB-Impell memo da ad S/21/92 -to ABB-CE, Attn: R.A.
'

Matzie enclosing System 80+ N-411 Spectra and CAM..

| S. ABB-CT Letter dated 6/16/92 to R.W. _ Bonsall enclosing
Vibracory Motion at Steam Generator Nozzles Due . to
Feedwater Line Break.,

;

| 6. System 80+ Feedwater System Flow Diagram. l

I

[ 7. System 80+ Nuclear Island Detailed Arrangement Drawings.

8. CESSAR' Design Certification, Chapter 3.6.

|

|
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Results-

s

The following pages provide the Class 2/3 code compliance check of2

ASME code equations for__the pipe as_modelled. The postulated pipe,

break analysis results-are also included, which. provide the basess

!. for design of possible jet - shields and pipe whip ._ restraints.
CESSAR-DC Chapter 3.6 and the Distribution Systems Design Guide,4

| Section 7.1.8 provide the criteria for protection against dynamic-
effects associated with the postulated rupture of piping.-- As,

additional design information becomes available, . it_ will - be.
; included in a final analysis.

Results from the detailed analysis include pipe displacements,
c forces, moments, and' stresses, support / restraint-loads, and nozzle
2

loads (anchor loads). Since the analysis is preliminary and design -
information is not availabic for-allowable nozzle or penet~ ration4

i loads, it is not within the scope of the calculation to -- evaluate-

-

; those loads,
e

'

<

n

.

&

i

4

1

|

4

i

i
1

.

i

d

i

=

i? '

.

i

1

$

, , ,. , e---- . .w , , - , - , ,--y~.y -.e,,,,,-, mcw , s , - , , . . , ,,,,,-w ,,,,,-a,e r.. .4, ,,8 ,-er,,- w , . ~ . -. n -r



1

1

/s'4:-

3'n'',,.,; i ='
1 ./ '

& + +, .,

, . .h
,

-

t f j6 k
g/ a; e ;/ 1ae

lA / -% ~,.a

'N/ w <:
~

v . . -I

I *d

*\/.

k 1% %, 9%
N

'

,

~
.

4

'') -e

s. s

(.>

.. .
.

.i 1 n,i y[7/
.

/ x 2,/
., n ! y. p .

''g'
2/. ~ -

'
_ .;

,f '9,
~ M . ./Ng . #Cs 8 .

q/ w, s a gs 'sxf.
'

a_ - ',

'
.. .

$s/ ~x_ '/d /:

' x .

sx ., s a.

'

\ %'
.

N 1

1

l

i
1

. . . _ -. . . - . . . .



,
. , .. . . . _ . . . _ _ . . . ..-.1 - . . . . . _ . . .-- - . .. ..._.. . . . _ . . . _ . . . . , ~ . . _ . . _m . . . _.

IMPELL CORPORATIM4 PAGE 526
.SUPERPIPE VERSION : 22E . C5/31/905 SYSTEM: IBM-VM/MVS 8-26-T2 19:17:44

ABB COMBUSTI0t4 ENGINEER 7")
'SYSTEN 80+
PRELIMINARY FEEDHATER ANALYSIS
DUKE ENGINEERING 8 SERVICES,'ItC.

ASME SEC % 'II CLASS 2/3 CODE CCMPLIAfCE StitiARY t CmRD. I

PCRHAL tLEVEL A)

i .TEMPEkATURE DISTRIBUTIM4:' TEMP . PRESSURE DISTRIBUTImit PRES

LOAD CASES 9PECIFIED
MA te NC SAN ND

HT-1

..AXINUM STDESS RATIO OF EQUATIM8 8 TO 1.0SH

SUP DCP COMP COMP SECTION- NATERIAL SIF ALLCH. COMPtfTED STRESS
No.' NAME NAME TYPE NAME NAME STRESS STRESS RATIO *

45L 122 BRED 28X24 SA106 B 2.000 225C0.00 13369.01 0.5%

UPSET tLEVEL B)

TEMPERATURE DISTRIBtJTImn TEMP PRESSURE DISTRIB4JTIM4: PRES

1 LOAD CASES SPECIFIED
NA ND NC SAM

HT-1 EQ-9 SANO . HD
*

HAXINUM STRESS RATIC OF EQUATImi 9 TO 1.2SH

SCP DCP C0tf . COMP S?tTION MATERIAL SIF ALLSI. CCHPtRED STRESS
NO. NAME NAME TYPE NAME NAME STRESS STRESS- RATIO

55 ABol BTEE 24X20 SA106 8 1.488 26999.98 22&23.55 0.764

,
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*
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4

:-IMPELL CORPORATION .
SYSTEM: IBM-VM/MVS O-26-92' 19:17:44 'f

PAGE 527. -

.,SUPERPIPE.: VERSION- 22E oC5/31/90st

' .. ABB CoteUSTION ENGINEERING
, , SYSTEM 80+-
*;- PRELIMIft*.RY FEEDHATER ANALYSIS

|' DUKE ENGINEERING 8 SERVICES, INC.
*

: ASME SECTION III CLASS 2/3 CODE CCHPLIANCE SUitlARY (CONTD. ) -

,

!

- IFAULTED tLEVEL Cl-

$TEMPERATUREDISTRIBUTION' TEMP PRESSURE DISTRIBUTItHr PRES

; LOAD CASES SPECIFIED f
NA - te - MC - SAM HD ,

HT-l' EQ9F -

- f1AXIMUM STRESS RATIS OF EQUATION 9F TO 2.4SH

-SDP'-DCP - COMP--COMP SECTION MATERIAL SIF?
_

NO. NANE NAME' TYPE' NAME : NAME
~

-ALLOH. COMPUTED. STRESS =

STRESS STRESS RATIS
-
'

- 55 ABol- BTEE 24X20 SA106.8 1.488' 45000.00' 34750.91 0.772
,

.

,i

1.,

~ SECrWDARY'tLEVEL A'1 B) -: i

j_ TEMPERATURE-DISTRIBUTICN TEMP ' PRESSURE DISTRIBUTION: F FACTOR: 1.000

' 'LUA0 CASES SPECIFIED -
rMD'MA- te ' MC , SAM '

TH-Is
;.HAXIMLtt STRESS RATIS OF EQUATION 10 T5.1.0SA !'

i- SCP DCP '' ' CMtP ~ Cl*tP . SECTION MATERIAL SIF' 'JALLOH. COMPUTEC STRESS-

7 H!i ,NAME'; NAME.; TYPE...HAME , NAME' STRESS STRESS RATIS

.

ZiRmA;5A ,BELB ',24S80 :SA106 B 1.855 22500.00L 20838.55 0.928
' - a

.h .

k
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IMPELL CORPUMTInt PAGE 5%
~.UPERPIPE VERSIG4 22E OE'31/' sos SYSTEN: IBM-WtMTV3 6-26-12 19:17:%

ABB C0t1BUSTION EfCINEERIfC
SYSTLN 80+
PRELINIt#ARY FEEDHATER ANALYSIS
DUKE EPSINEERIts a SERVICES, INC.

CLAS$ 2 BREAK LOCATI0ttS. CHECK TYPE C2BL

= t ALL CLASS 2 RtA3 8CHECKING REGI0t4 INDICATCR

' OUTPUT DETAIL INDICATUR = DETL IDETAILED PRINTOLTT)

C0ftJNTARY INDICATGR = (fic Catt1ENTARY)

(RE-USE PREVIOU3 CASES)LOAD CASE INDICATOR =

P7; ESSURE DISTRIBUTICt1 INDICATCR = (RE-USE PREVIOUS DISTRIBufIM43)

TEMPERATURE DISTRIBUT7094 INDICATOR = f rd-USE PREVIOUS DISTRIBUTI0taSI

SECTION H0DULUS INDICATOR = EXTF (AT EXTREME FIBER)

PRESSURE TERM INDICATOR = D/4T (USE PD/4T)

t

k

i

!

!
|

f

,

z

!
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' INPELL CORPORATI0t4 - PAGE 545
SUPERPIPE YEr.SInt 21E 05/31/90s SYSTEN: IBM-VM/tt/S 0-25-92 19:17:44

ABB CCtBUSTION EtGINEERItG
SYSTEN 80+
PRELIMINARY FEEDHATER ANALYSIS

, DUKE EFEINEERIts & SERVICES, ItC.

LCAD SET SFECIFICATIM4

LOAD SET HA te HC FACTOR FACTOR PRESSURE TEMPERATURE TEMPERATURE MIN. PERCENT
NAME CASE CASE CASE A 8 SET SET FOR SH SET -FOR SC PEAKS RAFEE TITLE

B*EK HT-1 EQ-9 TH-1 0.960 0.800 PRES TFHP 3 10

..

1

1
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