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PURPOSE:
;

This Plant Specific Procedure for resolution of Unresolved Safety Issue A-46 is to provide j
guidance to engineers, technicians, supervisors, and.others involved with this effort. The f

following paragraphs explain how this document is to be approved, revised, and distributed.
,

Section 1 of the procedure gives a further explanation into the purpose, background, and the !
approach to be used in resolving the A-46 issue. This procedure will be controlled through -

NEP-115 as a " Procedural Manual".

!
APPROVALS:

!

This Plant Specific Procedure shall be prepared by a Florida Power responsible engineer or
designee. This document also requires licensing concurrence, and shall be approved by the
Supervisor, Nuclear Operations Engineering - Mechanical / Structural.

i

REVISIONS:

All revisions to this document shall receive the same level of review and approval as described !

above under " APPROVALS" A revision history page shall be used to describe any future :

revisions. The entire document may be issued as a revision, or replacement pages only may be
issued. Areas revised must be identified by a vertical revision bar in the right margin. :

Revisions are effective as of the Supervisor's approval date. Revisions which are editorial in I

nature do not require a review and comment cycle. ;

DISTRIBUTION:
;

This document and its revisions shall be distributed through Energy Supply Engineering Services !

Document Control using a Data Transmittal Sheet (DTS) per NEP-131 in accordance with the
standard document distribution list. A copy shall be set to CR3 Records Management. :

i

INTERPRETATION CONTACT: ,

,

Supervisor, Nuclear Operations Engineering
(Mechanical / Structural)
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-AC. - Alternating Current
, i
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AF - Amplification Factor |
AFW - Auxiliary Feedwater |
ARS - Amplified Response Spectra '

ASME - American Society of Mechanical Engineers
B&PV - Boiler and Pressure Vessel
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CCW - Component Cooling Water
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Section 1

INTRODUCTION

1.1 PURPOSE

The purpose of this procedure is to summarize the technical approach and provide procedures

and documentation requirements which can be used by FPC to verify the seismic adequacy of the

mechanical and electrical equipment needed to bring Crystal River Unit 3 (CR3) to a safe

shutdown condition following a safe shutdown earthquake (SSE). This procedure can be used to

address the NRC Unresolved Safety Issue (USI) A-46, " Seismic Qualification of Fquipment in

Operating Plants," as required by NRC Generic Letter 87-02 and supporting documents

(References 1, 2, and 3).

The scope of equipment covered in this procedure includes active mechanical and electrical

equipment such as: motor control centers; switchgear; transformers; distribution par.<.s; pumps;

valves; HVAC equipment; batteries and their racks; engine and motor generators; and

instrumentation and control panels, cabinets, and racks. In addition, this procedure includes

guidelines for evaluating the seismic adequacy of tanks and heat exchangers.

1.2 BACKGROUND

The requirements for seismic design of nuclear power plants from 1960 to the present have

evolved from the application of commercial building codes (which use a static load coefficient

approach applied primarily to major building structures) to more sophisticated methods today.

Current nuclear seismic design requirements for new plants consist of detailed specifications

including dynamic analyses or testing of safety-related structures, equipment, instrumentation,

controls, and their associated distribution systems (piping, cable trays, conduit, and ducts).



.. - . - -_ . . .

i
.

t

Because of the extent of changes in the design require:nents which have occurred over the years, ,

the NRC initiated USI A-46, " Seismic Qualification of Equipment in Operating Plants," in f,

December of 1980, to address the concern that a number of older operating nuclear power plants

contained equipment which may not have been qualified to meet the newer, more rigorous
{

seismic design criteria. Much of the equipment in these operating plants had been installed when I
r

design requirements, seismic analyses, and documentation were less formal than the rigorous

practices currently being used to build and license nuclear power plants.110 wever, it was j

realized that it would not be practical or cost-effective te oevelop the documentation for scismic.
f

qualification or requalification of safety-related equipment using procedures applicable to plants
'

t

currently under construction. Therefore, the objective of USI A-46 was to develop alternative i

methods and acceptance criteria which could be used to verify the seismic adequacy of essential

mechanical and electrical equipment in operating nuclear power plants.

In early 1982, the Seismic Quali6 cation Utility Group (SQUG) was formed for the purpose of

collecting scismic experience data as a cost-effective means of verifying the seismic adequacy of

equipment in operating plants. One source of experience data is the numerous non-nuclear

power plants and industrial facilities which have experienced major earthquakes. These facilities

contain industrial grade equipment similar to that used in nuclear power plants. Another source

of seismic experience data is shrke table tests which have been performed since the mid 1970's

to qualify safety-related equipment for licensing of nuclear plants. To use these sources of

scismic experience data, SQUG and the Electric Power Research Institute (EPRI) have collected

and organized this information and have developed guidelines and criteria for its use. Reference

36 is the generic means for applying this experience data to verify the seismic adequacy of

mechanical and electrical equipment which must be used in a nucicar power plant during and

following a safe shutdown earthquake. Reference 36 is evaluated considering the low scismicity

of the Crystal River site and detailed in Reference 37. This procedure is a simplification of

Reference 36 when the various considerations n.cntioned in Reference 37 are accounted for.

1.3 APPROAC11

'

The approach used in this procedure for verifying the seismic adequacy o echanical and,

i electrical equipment is consistent with the intent of NRC Generic Letter 87-02, " Verification of

i
'

l-2
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!

Seismic Adequacy of Mechanical and Electrical Equipment in Operating Reactors, Unresolved ;

Safety Issue (USI) A-46" (Reference 1), including NUREG-1030 (Reference 2) and

NUREG-1211 (Reference 3). The approach is also consistent with the EPRI Seismic Margins - |

' Assessment Program (SMA) described in Reference 12. The four major steps used in this !
i

procedure for the majority of the equipment to be evaluated are listed below, along with the .

t

section of the procedure where these steps are covered in detail: [
!

;

o Selection of Seismic Evaluation Personnel (Section 2) |

0 Identification of Safe Shutdown Equipment (Section 3) |
o Screening Verification and Walkdown (Section 4) j

o Outlier Identification and Resolution (Section 5)
'

:
; i

The seismic adequacy verification of the following types of equipment are covered in separate
'sections:
;

o Tanks and Heat Exchangers Review (Section 7)
;

,

The documentation requirements for these reviews are included in each of these sections and in f
r

Section 9. .;
!

!

Each of the sections of the PSP (Sections 2 through 9)is divided into commitments and
i

implementation guidance. The commitments, which follow the introduction in each of these |
\

sections, describe the key features of this procedure. The remainder of each section provides
'

;

guidance for implementing the commitments.
{
!

The remai.. der of this section summarizes the material covered in Sections 2 through 9. ,

!

!

1.3.1 Seismic Evaluation Pe_nonnel j

l
i

Several types of individuals, their qualifications, and their responsibilities for implementing this '|
procedure are described in Section 2. These individuals include: (1) Systems Engineers who !

.

identify the methods and the equipment needed for bringing the plant to a safe shutdown [
condition, (2) Plant Operations Personnel who have a comprehensive understanding of the plant ~j

!

l-3 |
.
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i
!

layout and the function and operation of the equipment and systems in the plant and who-- |
-

compare the plant opemting procedures to the safe shutdown equipment list for compatibility, (3) i
~

Seismic Capability Engir.- ers who perform the Screening Verincation and Walkdown of the safe '

'

shutdown equipment.
,

:

!
:

Since the instructions and requirements contained in this procedure are guidelines and not fixed, !
:

inflexible rules, the Seismic Capability Engineers must exercise sound engineering judgment [

during the Screening Verification and Walkdown. Therefore the selection and training of j

qualified Seismic Capability Engineers for participation on the Seismic Review Teams (SRTs) is |
;

i an important element in this procedure for resolution of USI A-46.
|
>

Section 2 also describes the SQUG-developed training cr.,urse which should be taken by the :

individuals who perform the seismic review of the plant. These courses provide assurance that |

there is a minimum level of understanding and consistency in applying the guidelines contained !

in this procedure. I.

!

!

1.3.2 Identification of Safe Shutdown Eauioment f
i
t

The mechanical and electrical equipment needed to achieve and maintain a safe shutdown :

I
condition in a nuclear plant are identified in a two-step approach in Section 3 and Appendix A. i

The first step is to define the various alternative methods or paths which could be used to f.

accomplish each of the four following safe shutdown functions:. i

i
i

o Reactor Reactivity Control

o Reactor Coolant Pressure Control

o Reactor Coolant Inventory Control ;

o Decay Heat Removal

-

One of the alternate methods for accomplishing each of these functions should be selected as the

preferred safe shutdown alternative. This selection should also include backup equipment or a
f

backup train of equipment so that the plant can be shut down in the event there is an active j
failure or unavailability of a single item of equipment. Equipment in other alternative methods - i

'

1

|
l-4 )
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;

;

can also be identified, if desired. !
:

The second step is to identify the individual items of safe shutdown equipment for the preferred f
method by tracing out the path of action, fluid, and/or power on system description drawmgs :

i

and by developing a safe shutdown equipment list (SSEL). j
:

.

The SSEL should be shown to be compatible with the plant operating procedures by the plant's ;
!

Operations Department. |
f

!
.

The scope of equipment which should be reviewed for resolution of USI A-46 includes active !

mechanical and electrical equipment, tanks, and heat exchangers which are needed for safe
!

shutdown. Excluded from the scope of review because of their demonstrated ruggedness (as ;

summarized in Reference 17) are major pieces of equipment in the Nuclear Steam Supply System {
(NSSS) which are located inside containment (e.g., reactor vessel, steam generators, etc.).

Section 3.3 discusses the scope of equipment to be reviewed in more detail. ;

.

Cable conduit raceway systems are excluded from the scope due to their seismic design at CR3 ,

and to CR3's low seismicity (see Reference 37, Appendix B). j

f
.

Relays are also excluded from the scope due to the low number of actuations anticipated at a low |
seismic site such as CR3, and the ability of the operators to quickly diagnose and react to any |

>

relay actuations that may occur. ;

r
,

Screening guidelines are provided in the PSP for evaluating the seismic adequacy of most types-
:

' !
of equipment which are used in CR3 for safe shutdown. However, as discussed below, if an

|

item of equipment which is within the scope of USI A-46 is not covered by the screening !
|

guidelines, then it should be identified as an outlier and evaluated separately. f

13.3 Screenine Verification and Walkdown |

|

The Screening Verification and Walkdown of mechanical and electrical equipment is described in

; Section 4. Appendices B through G provide supplemental information for performing this

4

'

l-5 -
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i

seismic e.dequacy verification. The seismic adequacy verification of tanks and heat exchangers is |
described in Section 7 and is' summarized later in this Introduction.

'

i

!
The purpose of the Screening Verification and Walkdown is to screen out from further ;

consideration those items of equipment which pass certain generic, seismic adequacy criteria. f
The screening verification is based heavily on the use of seismic experience data. Those items '

of equipme it which do not pass the screening verification are considered " outliers" and should

be evaluated further as described in Section 5.
;

The four areas considered during the Screening Verification and Walkdown of safe shutdown i

equipment are: |

:

l
o Comparison of the equipment seismic capacity to the seismic demand imposed upon it. |

Seismic demand has been pre-screened and is discussed in detail in Reference 37. 1

f

o Determination that the seismic experience data is applicable to the plant-specific safe !
shutdown equipment. !

i

o Evaluation of the equipment anchorage adequacy. f
;
Io Check for adverse seismic spatial interactions. |
1

f

1.3.4 Outlier Identification and Resolution !
-!

r

I
Items of safe shutdown equipment that do not pass the screening criteria contained in the PSP

are considered outliers (i.e., they lay outside the scope of coverage for the screening criteria) .|
-!

and should be evaluated further as described in Section 5. i
t

i

|
Methods of outlier resolution are typically more time consuming and expensive than the

~

screening evaluations provided in the PSP. Also, outlier resolution may be somewhat

open-ended in that several different options or approaches are available to verify the seismic j
adequacy of the equipment. The most appropriate method of outlier resolution will depend upon !

a number of factors such as (1) which of the screening criteria could not be met and by how

much, (2) whether the discrepancy lends itself to an analytical evaluation, (3) how extensive the

problem is in the plant and in other plants, and (4) how difficult and expensive it would be to
|
!

modify, test, or replace the subject items of equipment. !
;

i

1-6 I
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i
!
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!

1.3.5 Relav Functionality Review |
|

Not applicable (see Reference 37, Appendix C).
:

i
1.3.6 Tanks and Heat Exchancers Review

,

i

The review of tanks and heat exchangers for seismic adequacy is described in Section 7 and |
includes evaluations for: (1) stability of tank walls to prevent buckling (for large, vertical

'

ground- or floor-mounted tanks only), (2) anchorage and load path strength, (3) support member ;

q strength (e.g., support saddles and legs), and (4) adequate flexibility of attached piping to t

accommodate the motion of large, flat-bottom, vertical storage tanks. Screening guidelines are
..

provided in the form of charts and calculation formulas that simplify the complex dynamic fluid- |

| structure interaction analyses for large vertical tanks and simplify the equivalent static analysis

method for horizontal tanks.
:
:

h

1.3.7 Cable and Conduit Raceway Review {
;<

;

Not applicable (see Reference 37, Appendix B). f
'

,

i
i

1.3.8 Documentation
i

i

The types of documents which should be developed for the USI A-46 evaluation are described in
,

Section 9. The four major types of documents are: j
|
;

t

o Safe Shutdown Equipment List (SSEL) Report j
:

o Seismic Evaluation Report f
i

o Completion Letter f
f

!
|

|

!
1

<

h,
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Section 2

SEISMIC EVALUATION PERSONNEL i

2.0 INTRODUCTION
,

:

The purpose of this section is to define the responsibilities and qualifications of the individuals

who will implement this procedure. The seismic evaluation personnel include individuals who

identify safe shutdown equipment, who perform the plant walkdown and verify the seismic

adequacy of equipment. This may involve a number of plant and engineering disciplines ;

including structural, mechanical, electrical, systems, earthquake, and plant operations.

Florida Power prefers to implement this procedure using a designated team of individuals; i.e., a

Seismic Review Team (SRT). The individuals who undertake the seisniic review may be utility

or contractor personnel, provided the qualification and training criteria are met. This flexibility

allows for the possibility that the functions may be performed by individuals of different

disciplines at different times. FPC will be responsible for evaluating the quali6 cations of the
I

seismic evaluation personnel for compliance with this procedure.

The remainder of this section is organized as follows:
,

The requirements to which FPC commits when adopting the guidelines for personnelo

responsibilities and qualifications for resolution of USI A-46 are given in Section 2.1.

The responsibilities and qualifications of the Systems Engineers who identify the safeo
shutdown equipment are described in Section 2.2. 1

2-I
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!

o The responsibilities of the Plant Operations Personnel who review the Safe Shutdown |
Equipment List (SSEL) and assist during the seismic walkdown are described in I

Section 2.3. )
!

The responsibilities, qualifications, and training of the Seismic Capability Engineers whoo
)

conduct the seismic walkdown are described in Section 2.4. !
i

o The purpose and content of the SQUG training courses are summarized in Section 2.6.

-

2.1 FPC COMMITMENTS !

i

:

Florida Power commits to the following in regard to the qualifications of individuals responsible -
,

!

for implementing the procedure. !

!
')

2.1.1 Systems Eneineers i

!

Florida Power will provide Systems Engineers to develop the list of equipment required for safe

shutdown described in Section 3. Individuals selected to perform this function will be degreed '

Iengineers, or equivalent, with experience in the systems, equipment, and operating procedures of

the plant.

;

2.1.2 Seismic Canability Eneineers |

i

Florida Power will provide qualified Seismic Capability Engineers to perform the following tasks

described in Sections 4 and 7.
,

1. Conduct a walkdown of plant equipment on the safe shutdown equipment list.
,

2. Assess the scismic adequacy of this equipment using this procedure, the GIP, along with f
the Seismic Review Team's experience, analyses, and/or engineering judgment.

.

!

These individuals will be degreed engineers, or equivalent, who have completed a '

SQUG-developed training course on seismic adequacy verification of nuclear power plant |
i

equipment, and will have at least five years experience in earthquake engineering applicable to '

nuclear power plants and in structural or mechanical engineering. At least one engineer on each

Seismic Review Team will be a licensed professional engineer.

i
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- As a group, the engineers on each Seismic Review Team will possess knowledge in:

1

1. Performance of equipment, systems, and structures during strong motion earthquakes in
industrial process and power plants.

2. Conduct of nuclear plant walkdowns.

3. Nuclear design codes and standards.

4. Seismic design, analysis, and test qualification practices for nuclear power plants.

2.1.3 Lead Relay Reviewer

Not used.

2.2 SYSTEMS ENGINEERS

The primary responsibility of the Systems Engineer is to develop the Safe Shutdown Equipment

Lists (SSELs) as described in Section 3. This involves first identifying the various alternative

paths or trains for bringing the plant to, and maintaining it in, a safe shutdown condition during .

| the first 72 hours following a Safe Shutdown Earthquake (SSE). With help from the plant

Operations Department, the Systems Engineer should select the preferred safe shutdown

! alternative for which seismic adequacy will be verified. All necessary cocipment in this selected

shutdown path should be identified.

If, after the plant has been walked down, the path selected contains few outliers, further systems
,

i
evaluation by the Systems Engineer may not be necessary. However, if as a result of the ;

walkdown, numerous outliers are found or outliers which are difficult to resolve are identified,

the Systems Engineer may be requested to develop SSELs for an alternative path.

In addition to the primary responsibility of developing the SSEL, the Systems Engineer may be |

asked to provide background information and guidance to the Seismic Capability Engineers who

evaluate the' seismic adequacy of the equipment.

The Systems Engineer should be a degreed engineer, or equivalent, and have extensive .

experience with and broad understanding of the systems, equipment, and procedures of the plant.

2-3
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2.3 PLANT OPERATIONS PERSONNEL 1
- :

: i

I
The plant Operations Personnel have two types of responsibilities during implementation of this j

procedure. First, they are responsible for reviewing the Safe Shutdown Equipment List (SSEL) ]
'

(developed in Section 3) to confirm that the SSEL is compatible with approved normal and -|
1

emergency operating procedures (EOPs) for shutting down the plant. Note that normal plant i

shutdown procedures would be used for any deliberate, planned shutdown and EOPs would be j
used for a plant trip or emergency shutdown following an earthquake. Second, plant Operations _|

t

Personnel may be asked to assist the Seismic Capability Engineers during the Screening
|

Verification and Walkdown. |
|
,

!

To fulfill these responsibilities, the plant Operations Personnel should have knowledge of both |
~

!

steady-state and transient operations and the associated plant-specific operating procedures. j

They should be able to supply information on the consequences of, and operator recovery from, j

functional anomalies. It is their responsibility to provide information on the function and ;

!
operation of individual equipment, instrumentation, and control systems. t

i
i

Plant Operations Personnel may assist the Seismic Capability Engineers either as staff support or |
'

!

as members of an SRT. Though it is not required that the plant Operations Personnel be part of }
"

r

the seismic walkdown team, it is recommended. The plant Operations Personnel should have .|
experience in the specific plant being seismically verified. I

!.
2.4 SEISMIC CAPABILITY ENGINEERS !

t

!
!

'

The Seismic Capability Engineers should fulfill the following responsibilities: ;
i.

5.

0 Become familiar with the SQUG approach as defined in this procedure, the GIP (Ref. 36) j|

and other reference documents. !

!

O Become familiar with the seismic design basis of CR3 especially the equipment on the !
safe shutdown equipment list and the postulated Safe Shutdown Earthquake (SSE). j

i

2-4
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i

o Read and fully understand the basis and requirements of the Technical Basis for the
Crystal River Unit 3 Plant Specific Procedure to resolve NRC Generic Ixtter 87-02
(Reference 37).

'

o Conduct the seismic evaluations and walkdowns of equipment and systems as described in
the following sections:

- Screening Verification and Walkdown (Section 4)

- Tanks and Heat Exchangers Review (Section 7)
!
,

Use this procedure, along with experience and judgment, to verify the seismic adequacyo
of equipment and systems identified as necessary for safe shutdown. ;

l

Perform additional analyses and calculations, when necessary, to verify the seismic !o

adequacy of the safe shutdown equipment and systems. i

Make recommendations for any additional evaluations or physical modifications to i
o

equipment or systems which may enhance the seismic adequacy of equipment identified i

as outliers as described in Section 5.

The Seismic Capability Engineers may be assisted in fulfilling the above responsibilities by other h
individuals. For example, others may do background work to obtain information necessary for . j

performing the seismic evaluations; they may also locate and assist in evaluating existing seismic

qualification documentation; and they may perform backup c'ilculations where necessary. - i

!

Another example is that Seismic Capability Engineers may ask the Systems Engineers and the
7

Plant Operations Personnel for information on how an item of equipment operates in a system so j
they may decide whether a malfunction of certain features of the item of equipment will affect its

safe shutdown performance. Regardless of what help the Seismic Capability Engineers receive i

from others, they should remain fully responsible for all the seismic evaluations, engineering-
|

judgments, and documentation, including the details and backup documentation, [
;

l

The Seismic Capability Engineers should be degreed engineers, or equivalent, who have_ f
;

completed a SQUG-developed training course on seismic adequacy verification of nuclear power
:

plant equipment. These engineers should have experience (at least five years) in earthquake !

engineering applicable to nuclear power plants and in structural or mechanical engineering.
.

t

!

The Screening Verification and Walkdown should be conducted by one or more Seismic Review
|

2-5
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Teams (SRTs) consisting of at least two Seismic Capability Engineers on each team. The

engineers on each team should collectively possess the following knowledge and experience:

o Knowledge of the performance of equipment, systems, and structures during strong
motion earthquakes in industrial process and power plants. This should include active
mechanical and electrical equipment and process and control equipment.

o Nuclear plant walkdown experience.

o Knowledge of nuclear design standards.

Experience in seismic design, seismic analysis and test qualification practices for nuclearo
power plants. This should include active mechanical and electrical equipment and
process and control equipment.

It is not necessary for each Seismic Capability Engneer to possess each of the above

qualifications; differing levels of expertise among the SRT engineers is permitted. However,

each SRT should collectively possess the above qualifications and each engineer on the team

should have the ability to make judgments regarding the seismic adequacy of equipment.

At least one of the Seismic Capability Engineers on each of the Seismic Review Teams should

be a licensed professional engineer to ensure that there is a measure of accountability and

personal responsibility in making the judgments called for in this procedure.

In general, the individuals who perform the seismic review walkdown may be required to wear

protective clothing, wear a respirator, work in radiation areas, climb ladders, move through

crawl spaces, climb'over obstacles, and work in high temperatures or other difficult situations.

Therefore, the SRT members should be in good physical condition and have the capability and

j willingness to perform these tasks as necessary.

2.5 RELAY EVALUATION PERSONNEL,

. Not applicable (see Reference 37, Appendix C).

2.6 SQUG TRAINING COURSES

2-6
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i

Two training courses were developed by SQUG to provide additional guidance on how to j
implement USI A-46 using the GIP and the referenced documents. These courses include:

l
|

|
0 The Walkdown Trainine Course provides guidance for the Screening Verification and

Walkdown (Section 4), the Outlier Identification and Resolution (Section 5), the Tanks |

and Heat Exchangers Review (Section 7), and the Cable and Conduit Raceway Review. <

Guidance is also provided on estimating in-cabinet amplification factors for electrical
cabinets containing relays and documenting the USI A-46 evaluation (Section 9).

This course is provided primarily for the Seismic Capability Engineers, however others
who may support these engineers may also take this course. ;

t

io The Safe Shutdown Eo_uioment Selection and Relav Screenine and Evaluation Tramme
Course provides instructions on the Identification of Safe Shutdown Equipment (Sectioni

3) and how to perform the Relay Functionality Review (Section 6). j

This course is provided primarily for the Lead Relay Reviewers. The Systems Engineers '

and others may also take this course.

The objectives of these SQUG training courses are as follows:
7

!
t

!Provide additional information on the background, philosophy, and general approacho
developed by SQUG to resolve USI A-46.

;
t

Provide aoditional guidance in the use of this procedure and the GIP and applicable f
o

references to select safe shutdown equipment and to verify their seismic adequacy. *

!o These courses are required for implementation of this procedure.
,

,

,

!

;

!

!

|

!

:

i

2-7 |

:

,



..

9 ;
,

,

Section 3

IDENTIFICATION OF SAFE SHUTDOWN EQUIPMENT

3.0 INTRODUCTION

The purpose of this section is to describe the overall method for identifying the mechanical and

electrical equipment needed to achieve and maintain safe shutdown conditions in a nuclear plant.

Appendix A provides a detailed step-by-step procedure for using this method based on the

guidance contained in this section. A description of the contents of the subsections contained

herein is given below. '

Section 3.1 provides the FPC commitments in regard to identification of safe shutdown

equipment. The remaining sub-sections provide implementation guidance. The general criteria

and governing assumptions to be used in identifying the equipment are defined in Section 3.2.

The scope of equipment to be identified is defined in Section 3.3; it includes mechanical and

electrical equipment which should operate to accomplish a safe shutdown function, tanks and

heat exchangers.
,

For resolution of USI A-46, it is not necessary to verify the seis. adequacy of all plant
,

equipment defined as Seismic Category 1, e.g., in NRC Regulatory Guide 1.29. Instead, only

those systems, subsystems, and equipment needed to bring the plant from a normal operation
,

condition to a safe shutdown condition need be identi6ed to ensure safety during and following a

Safe Shutdown Earthquake (SSE). The method described in the remainder of this section for

identifying safe shutdown equipment has two major steps. The Erst step is to identify the

various alternative methods or paths which could be used to accomplish the following four safe

shutdown functions:

3-1
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i
!

o Reactor Reactivity Control !
!

o Reactor Coolant Pressure Control |
1

o Reactor Coolant Inventory Control |[
t

i

o Decay Heat Removal j

i
!

These four safe shutdown functions are described in Section 3.4. Because there is redundancy |
1
'and diversity in the design of nuclear power plants, there may be several paths (or trains) which

,

could be used to accomplish these four functions. Only the active equipment in a primary path j

(or train) and backup equipment within that path (or a backup train) need be 3%ntified for f
seismic evaluation as discussed in Section 3.2. The preferred safe shutdown path can be selected

based on such considerations as previous systems analyses (e.g., for Dre protection), case of use |

by operators, compatibility with plant procedures, and status of existing seismic qualification of -

equipment. There may be other secondary considerations for selecting certain safe shutdown .

paths such as ease of performing the plant walkdown and seismic adequacy veriGcation. The j

various alternative paths for accomplishing the safe shutdown functions are summarized in

Section 3.5 for pressurized water reactors (PWRs). Appendix A gives a detailed description of 1

these alternative paths. [
"

j !
>

After identifying the preferred safe shutdown paths, the second major step is to identify the i!

!
!

individual items of equipment contained in these preferred safe shutdown paths. The approach I
a

1

; for identifying the individual items of safe shutdown equipment is summarized in Section 3.6. j
!

{ Appendix A gives a detailed description of this method including a step-by-step procedure, flow {
l

! diagram, and documentation forms which can be used to develop a Safe Shutdown Equipment j
'

List (SSEL) for seismic adequacy verification.
) i

' t,

Section 3.7 describes several methods which may be used by the plant's Operations Department

to review the SSEL for compatibility with the plant operating procedures. Section 3.8 j

summarizes the documentation which should be generated when identifying safe shutdown I
i

equipment. j
!
,

; 3.1 FPC COMMITMENTS !
!

i l
i j
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Florida Power commits to the following in regard to identification of safe shutdown equipment.

3.1.1 Identification of Safe Shutdown Path

t

Relying on the Systems Engineers noted in Section 2, FPC will identify equipment needed to |
achieve and maintain a safe shutdown condition following a safe shutdown earthquake (SSE).

To identify this equipment, FPC will use a two-stage approach:
;
.

1. FPC will select a safe shutdown path which would ensure that the four essential safe '

shutdown functions listed below can be acccmplished following an SSE. The functions
are:

Reactor reactivity control*

Reactor coolant pressme control*

J

Reactor coolant inventory control*

IDecay heat removal*

2. After identifying the safe shutdown path, FPC will identify the individual items of i

equipment required to accomplish the four essential safe shutdown functions. ;
i

3.1.2 Assumptions Used in Identifying Safe Shutdown Path

!
r

In selecting the safe shutdown path and equipment FPC will be bound by the following |
t

conditions: |

1. Offsite power may not be available for up to 72 hours following the earthquake. |
!

2. No other extraordinary events or accidents (e.g., LOCAs, HELBs, fires, floods, extreme i

winds, sabotage) are postulated to occur other than the SSE and loss of offsite power. -

3. If achieving and maintaining safe shutdown is dependent on a single item of equipment ,

whose failure to perform its active function, either due to seismic loads or random ;,

failure, would prevent accomplishment of any of the four essential safe shutdown
functions, an alternative method to safe shutdown by use of a different path or a different ;

item of equipment in the same path will be identified for seismic evaluation which is not !
dependent on that item of equipment. !

:

4 Where operator actions are relied upon to achieve and maintain safe shutdown, FPC will

3-3 ;
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*

ensure that appropriate procedures are available which consider the time within which
actions must be taken, and that operators have been trained in the use of these
procedures.

5. The equipment to be identified for seismic evaluation will include:

Active mechanical and electo 21 equipment which operates or changes state to*

accomplish a safe shutdown function.

Active equipment in systems which support the operation of identi6ed safe*

shutdown equipment; e.g., power supplies, control systems, cooling systems,
lubrication systems.

* Instrumentation needed to confirm that the four safe shutdown functions have been
achieved and are being maintained

,

Instrumentation needed to operate the safe shutdown equipment.*

Tanks and heat exchangers used by or in the identified safe shutdown path.*

6. The following equipment types need not be identined for seismic evaluation:
1

Equipment which could operate but does not need to operate and which, upon loss*

of power, will fail in the desired position or state. This type of equipment is
defined as passive for the purposes of this procedure.

Passive equipment such as piping; filters; and electrical penetration assemblies.*

* Self-actuated check valves and manual valves.

Major items of equipment in the nuclear steam supply system, their supports, and*

components mounted on or within this equipment such as the reactor pressure ,

vessel, reactor fuel assemblies, reactor internals, control rods and their drive "

mechanisms, reactor coolant pumps, steam generators, pressurizer, and reactor
coolant piping.

Cable and conduit raceways*

Relays*

3.2 GENERAL CRITERIA AND GOVERNING ASSUMPTIONS

This section defines the criteria, governing assumptions, and general guidelines for identifying

the safe shutdown equipment. This includes definition of terms, boundary conditions, and |
.

requirements for single equipment failure. |
|
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3.2.1 Safe Shutdown Following an SSE j

The plant should be capable of being brought from normal operating conditions to a safe j

shutdown condition following a design basis, safe shutdown earthquake (SSE). |
!

3.2.2 Normal Operatine Conditions Defined !

!

l

Normal operating conditions of the plant are defined as having the reactor coolant system at or |
l

near normal operating pressure and temperatu e. '

i

3.2.3 Safe Shutdown Defined |
'!

;

Safe shutdown is defined as bringing the plant to, and maintaining it in, a hot shutdown

condition during the first 72 hours following an SSE. Hot shutdown is defined by the plant's

Technical Specifications. Note that in SSER #2 the NRC has expressed their intent that f
pressurized water reactors (PWRs) lower their temperature and pressure within 72 hours to the

point at which decay heat removal equipment could be used, but not necessarily required ' decay
:

heat removal equipment to be includea on the SSEL. -

The plant may be quickly cooled to the hot shutdown condition and held there for the 72 hours, !

or the plant may be slowly cooled so that the hot shutdown condition is reached at the end of the !

72 hours. -i
:

!
!

It is not necessary to include the long-term decay heat removal equipment in the Safe Shutdown j
i

Equipment List (SSEL); however, some plants may not have sufficient water mventory to stay in i

f

the hot shutdown mode for three days. Other plants may prefer to be brought to a cold - ;
.

shutdown condition during this period of time instead of staying in the hot shutdown mode. In .!
i

these cases it may be necessary or preferable to add decay heat removal equipment to the SSEL. ,

|

!

It is not the intent of the USI A-46 program to require plants to cool down faster than their

original design capability or technical specification limits under a loss of offsite power condition. f
If a plant takes longer to achieve hot shutdown conditions than the 72 hours, then FPC should

:
;
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discuss with, and obtain prior written consent from, the NRC staff on a case-by-case basis
t

before implementing the USI A-46 program. It should also be reported to the NRC as part of- j
.

the Seismic Evaluation Report described in Section 9.

3.2.4 less of Offsite Power !

f
,

Loss of offsite power may occur as a result of the carthquake. The safe shutdown capability !

should remain intact while offsite power is not available for a minimum of 72 hours following an !

SSE. Note that the possibility of nni losing offsite power should also be considered.

:
h

3.2.5 No Other Accidents

|
No concurrent or sequential potential events are postulated to occur other than a design basis f

Isafe shutdown earthquake (SSE) and a loss of offsite power. For example, no loss of coolant

accidents (LOCAs), high energy line breaks (HELBs), fires, flooding, extreme winds and
|

tornados, lightning, sabotage, etc., are postulated to occur.
'

:

!

3.2.6 Single Eauipment Failure j
:

!
Systems selected for accomplishing safe shutdown should not be dependent upon a single item of |

|
equipment whose failure, either due to seismic loads or random failure, would preclude safe !

shutdown. At least one practical alternative should be available for accomplishing safe
,

shutdown, which is not dependent on that item of equipment. This alternative should also be [

evaluated for seismic adequacy. For example, two motor-operated valves in series may be used |
to isolate a line and two motor-operated valves in parallel may be used to open a line. As an I

.

alternative, a separate, redundant train of equipment may be used as a backup. l

An equipment failure is defmed as the failure of the active functional capability of the

equipment, not its structural integrity. For example, for a motor-operated valve, failure of the !

valve to open or close with the motor operator is a failure of the valve to perform its active

function. It is not necessary to consider rupture or leakage of fluid from the valve as a failure

mode. )
:
|

J
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If an item of equipment is taken out of service for maintenance, then that item of equipment is

considered the single equipment failure for the purposes of this procedure.

Manual operation of an item of equipment which is normally power-operated is considered an

acceptable means of providing backup operation provided suf6cient manpower, time, and

procedures are available. For example, the primary mode of closing or opening a valve may be

by its motor operator while the backup or redundant means of closure or opening may be manual

operation of this same valve or a manual valve in the same line.

When evaluating the equipment selected for a single active failure, any equipment not included

on the Safe Shutdown Equipment List (SSEL) should be assumed to be not available for plant

shutdown.

3.2.7 Operator Action Permitted

Timely operator action is permitted as a means of achieving and maintaining a safe shutdown

condition provided procedures are available and the operators are trained in their use.

3.2.8 Procedures

Procedures should be in place for operating the equipment selected for safe shutdown and

operators should be trained in their use. It is not necessary to develop new procedures

speci6cally for compliance with the USI A-46 program. Existing plant procedures can be used.

If an SSE occurs, it is not necessary to use only the safe shutdown equipment identi6ed for the

USI A-46 program. The operator may attempt shutdown using other available systems and

equipment provided these other means of shutting down do not prevent later use of the safe

shutdown method identified for the USI A-46 program.
,

1

The plant procedures for shutting down should be reviewed by the Operations Department of the

plant to verify that the procedures are compatible with the identified method of safe shutdown

and that they do not preclude the use of the safe shutdown equipment if some other method of

3-7
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!
L

shutting down is attempted first. See Section 3.7 for saggested methods of performing this !

review.
,'

|
.

The shutdown procedures which are associated with the use of the USI A-46 safe shutdown
;

equipment should be procedures which are available to the operator as a result of his following i

approved normal and emergency operating procedures (EOPs). Note that normal plant shutdown I

procedures would be used for any deliberate, planned shutdown; EOPs would be used for a plant f
trip or emergency shutdown.

:

!

Appropriate changes to operator training should be made if FPC finds that changes to the plant f
:

operating procedures are necessary to achieve compatibility with the SSEL. Training will be ;
.

modified only to the extent needed to familiarize operators with these procedure changes. .|

!
t

3.3 SCOPE OF EQUIPMENT

;

;

The purpose of this subsection is to define the equipment which is included within the scope of |
1

review for resolution of USI A-46. I

;

:

3.3.1 Ecuipment Classes
r

i

f.
The 22 classes of equipment listed in Table 3-1 define the major types of mechanical and !

;

- electrical equipment which are included within the scope of USI A-46. Note that building !

structures and such passive equipment as piping, penetration assemblies, etc., are not within the f
scope of USl A-46. I

!

Equipment Classes #1 through #20, along with the sub-categories of equipment listed under these !

20 major equipment class names, are the specific types of equipment for which earthquake
;

experience data or generic seismic testing data are available. Appendix B provides a summary f
description of the equipment included in the carthquake experience equipment classes. ;

References 4,5, and 6 provide additional details on the type of equipment included in these .j

equipment classes.

i
;

!

}
*

!
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'

Table 3-1

EQUIPMENT CLASSES !
!
;

- !
!

O OTHER !
!

!.

1 MOTOR CONTROL CENTERS i
i

- |

Motor control center :
" Wall- or rack-mounted motor controllers |

!

2 LOW VOLTAGE SWITCHGEAR !

!

Low voltage draw-out switchgear (typically 600 Volt)
Low voltage disconnect switches (typically 600 Volt) '

Unit substations [
!
i

3- MEDIUM VOLTAGE SWITCHGEAR .j-

Medium voltage draw-out switchgear (typically 4160 Volt)
i Medium voltage disconnect switches (typically 4160 Volt)

Unit substations
- |

!

4 TRANSFORMERS |
i

Liquid-filled medium / low voltage transformers (typically 4160/480 Volt) |
Dry-type medium / low voltage transformers (typically 4160/480 Volt) {
Distribution transformers (typically 480/120 Volt) . i

!
5 HORIZONTAL PUMPS i

!
Motor-driven horizontal centrifugal pumps !

Engine-driven horizontal centrifugal pumps
Turbine-driven horizontal centrifugal pumps :
Motor-driven reciprocating pumps !

!
|

|
1

|
1

!
?

3-9 I
:

i

|
,

F

t- - . 1 -. -c -,, . -r-



_ _ _ .

,

i

Table 3-1 (continued)

;

EQUIPMENT GLASSES t

!

-6 VERTICAL PUMPS
;

!
Vertical single-stage centrifugal pumps

|
Vertical multi-stage deep-well pumps '

:
7 FLUID-OPERATED VALVES .

Diaphragm-operated pneumatic valves
Piston-operated pneumatic valves ;
Spring-operated pressure relief valves

!

8A MOTOR-OPERATED VALVES I

\
Motor-operated valves |
Motor-operators

|
!8B SOLENOID-OPERATED VALVES e

.

Solenoid-operated valves
!

9 FANS !
!

|!
Blowers
Axial fans
Centrifugal fans :.

!

10 AIR HANDLERS

h
Cooling coils !

Water-cooled air handlers '!
Refrigerant-cooled air handlers (including enclosed chiller)
Heaters '

.

!

|

h.

,

|

a
i
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Table 3-1 (continued)
|

:

EQUIPMENT CLASSES '!

11 CHILLERS .|
1

Water chillers :

Refrigerant chillers f
i

12 AIR COMPRESSORS i

r

Reciprocating-piston compressors i,

Centrifugal compressors

i

13 MOTOR-GENERATORS t

,

1

Motor-generators ;

f

14 DISTRIBUTION PANELS |

|
~

Distribution panelboards (120-480 Volt, AC & DC) . [
Distribution switchboards (120-480 Volt, AC & DC) ;

!
15 BATTERIES ON RACKS -!

:

Lead-cadmium flat plate batteries >

Lead-calcium flat plate batteries t

: Plant 6 (Manchex) batteries ,i
Battery racks (2 tiers or less) |

!

16 BATTERY CHARGERS & INVERTERS {

Solid state battery chargers !
Solid state static inverters !

t

I

i
,

I
t

!

.n

i

!
;

i

|

|
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Table 3-1 (continued)' :
-f

EQUIPMENT CLASSES !
!

I

'17 ENGINE-GENERATORS
|

iPiston engine-generators t
I,

18 INSTRUMENTS ON RACKS f
.

Transmitters (Pressure, temperature, level, flow) f
Wall-mounted sensors / transmitters
Rack-mounted sensors / transmitters !

Supporting racks [
4

19- TEMPERATURE SENSORS [
-

,

Thermocouples
RTDs I

i
!

20 INSTRUMENTATION AND CONTROL PANELS AND CABINETS

Wall-mounted & rack-mounted instrumentation and control panels |
Wall-mounted & rack-mounted instrumentation and control cabinets !

Dual switchboard instrumentation and control cabinets !
Duplex switchboard & benchboard (walk-in) instrumentation and control boards

-

>

<.

21 TANKS AND HEAT EXCHANGERS i

22 CABLE AND CONDUIT RACEWAYS
:

|

|
v
!

I
t

I

e

:

I

i

!
-

t

!
:t
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Equipment Class #21 is for tanks and beat exchangers. Selection of this equipment is discussed .i

t

later in Sections 3.3.10. I

!
.;
!

Equipment Class #O (Other) is a catchall category for all other items of mechanical and |
electrical equipment needed'for safe shutdown but which either do not fit into one of the other [
22 classes, or for which there is insufficient earthquake experience data or generic seismic

testing data at this time to be included as a sub-category of one of the 22 classes. This type of :

plant-specific equipment includes certain types of valves, turbine-driven emergency generators, !

etc. This type of equipment should be placed in Equipment Class #0, classified as an outlier,
e

and evaluated using the methods described in Section 5. j
i
!
.

All mechanical and electrical equipment needed for bringing a plant to a safe shutdown condition j
t

and maintaining it there should be identified for seismic evaluation, even if that item of i
i

equipment is not included in the earthquake experience or generic seismic testing equipment 1

classes, i.e., not one of the types of equipment listed as a sub-category in Table 3-1. For

example, piston-operated hydraulic valves are not listed as a sub-category of Equipment Class #7

(Fluid-Operated Valves) since they are not in the eanhquake experience equipment class. {
Nevertheless, if a piston-operated hydraulic valve is needed for accomplishing a safe shutdown .|
function (e.g., as a main steam isolation valve), then it should be identified as a safe shutdown .|

:

item of equipment in Equipment Class #0 (Other), identified as an outlier, and evaluated for j

seismic adequacy using some means other than by direct comparison to the earth' quake . |
!

experience or generic seismic testing equipment classes. {
i

!

i
i

.-

f
i

!

!

!
>

f
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3.3.2 Exclusion of NSSS Ecuioment

The major pieces of equipment in the Nuclear Steam Supply System (NSSS) which are located t

inside the containment are excluded from' the scope of the USI A-46 review and need not be
'

included on the Safe Shutdown Equipment List. Also excluded are the supports for this

equipment along with all the components mounted in or on this equipment. The technical basis
,

for excluding such equipment from the scope of USI A-46 is included in Reference 17. -

Examples of the NSSS equipment and the components mounted on them which are excluded

from the scope of USl A-46 are given below. -f

o Reactor vessel and its supports, reactor fuel assemblies, reactor internals, control rod
drive mechanisms', and in-core instrumentation-

,

o Reactor coolant and reactor recirculation pumps and their supports and drive motors i

!

o Steam generators and their supports and tubes -

o . Pressurizer and its supports and heaters |
:

o Reactor coolant system piping and recirculation lines
T

:

:

i

!!

!

|

I

i
1

1 Note that only the control rod drive mechanisms mounted on or in the reactor vessel are ;

excluded from the scope of the USI A-46 review. |
:

i

!
i

|

!

:
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,

1

3.3.3 Rule of the Box I

!

One important aspect of identifying the equipment included within the scope of the procedure is
.

explained by the " rule of the box." For equipment included in Classes 1 through 20, all the

components mounted on or in this equipment are considered to be part of that equipment class

and do not have to be evaluated separately. For example, a diesel generator (Equipment Class

#17) includes not only the engine block and generator, but also all other items of equipment i

mounted on the diesel generator or on its skid; such as the lubrication system, fuel supply

system, cooling system, heaters, starting systems, and local instrumentation and control systems.

Components needed by the diesel generator but not included in the " box" (i.e., not mounted on |
:''

the diesel generator or on its skid) should be identified and evaluated separately. Typically this e
;

would include such items as off-mounted control panels, air-start compressors and tanks, pumps !

;

for circulating coolant and lubricant, day tanks, and switchgear cabinets.
,

i.

The obvious advantage to this " rule of the box" is that only the major items of equipment !

included in Table 3-1 need be verified for seismic adequacy, i.e., if a major item of equipment i

is shown to be seismically adequate using the guidelines in this procedure, then all of the parts

and components mounted on or in that item of equipment are also considered seismically
!

adequate. However, as noted in Section 4.3, the Seismic Capability Engineers should exercise I

i
their judgment and experience to seek out suspicious details or uncommon situations (not j

:

specifically covered by the caveats in Appendix B) which may make that item of equipment ;

vulnerable to SSE effects. This evaluation should include any areas of concern within the " box"

which could be seismically vulnerable such as added attachments, missing or obviously |
3

inadequate anchorage of components, etc.
|!
|
!

!
?

[
!
.

!

'l
;

:
)
|

1

i

f
3-15 :

;

I

i



.--. - -. .- .. . . .- ~ --- -

3.3.4 Active Eouipment
:
)

1

Active mechanical and electrical equipment which operate or change state to accomplish a safe )
:'

shutdown function should be identified for seismic evah:ation.- Electrical equipna.nt without j
;

moving parts such as batteries, transformers, battery chargers and inverters are considered active - i

- for the purposes of this procedure and are included within the scope of USI A-46. !
:
i

It is not in the scope of USl A-46 to verify the seismic adequacy of passive equipment such as
:

piping, filters, and electrical penetration assemblies, nor building structures. One exception to '

this rule is tanks and heat exchangers (covered in Section 7). Likewise, it is not in the scope of f
USI A-46 to verify the seismic adequacy of potentially active equipment which does not need to = !
operate it'it is already in the proper state to accomplish its safe shutdown function and it fails in !
that desired position upon loss of power. For example, if a motor-operated gate valve, which :

:

isolates a drain line in the reactor coolant system, is already closed, and it stays closed upon loss
a

] of power, then it can be considered a passive item of equipment for the purposes of this '

procedure. The valve body and its disc are considered to be an extension of the passive piping |
system.

l
.

;

3.3.5 Inherently Rucced Equipment

1

Certain types of potentially active mechanical and electrical equipment are inherently rugged and |
!

need not be evaluated for seismic adequacy in the USI A-46 program. This equipment includes: ;

2 t

!.
2

o Self-actuating check valves without external actuators. If a check valve has an external
{,

; actuator, then this actuator and its connection to the check valve should be evaluated for !
. seismic adequacy. j

!

: o Manually-operated valves. !

,i

While it is not necessary to verify the seismic adequacy of inherently rugged equipment, it is '
,

!

recommended that, when such equipment is active for accomplishing a safe shutdown function, !
,

;

the equipment be included on the Safe Shutdown Equipment List (SSEL) for completeness. It i

could be labeled as being in equipment class "R" (i.e., inherently rugged). For example, if a ;,

manual valve with a handwheel operator is opened or closed by a plant operator (i.e., the valve f
;

t
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is performing an active function), then this valve could be added to the working copy of the
.

-I
SSEL for reference purposes to show what item of equipment is used to accomplish this active j

r

function. However, this manual valve need not be evaluated for seismic adequacy and need not

be included on the Seismic Review SSEL.
:
|

.On the other hand, if a power-operated valve (e.g., a motor-operated valve), is opened or closed f
manually by a human operator using the handwheel (rather than using the power drive), then it !

-

should be on the Seismic Review SSEL and it should also be evaluated for seismic adequacy. i_

:
1
'

3.3.6 Eouinment in Supporting Systems

Any active equipment in systems which support the operation of identified safe shutdown ;
;

equipment should also be identified for seismic evaluation. Supporting systems can include ,

power supplies (e.g., electrical, pneumatic), control systems, cooling systems, lubrication

systems, instrumentation, and heating, ventilating, and air conditioning systems. Likewise, if

any item of equipment in these supporting systems is dependent upon some other system for

support, then the active equipment in this secondary supporting system should also be identified

for seismic evaluation. [
!,

3.3.7 Eauipment Subiect to Relay Chatter i

!

Not used.

3.3.8 Instrumentation
,

;

I

The scope of equipment which should be identified for seismic evaluation includes those ''

instruments which measure the primary process variables used to assure that the plant is in a safe ,

shutdown condition. This includes instruments used to measure reactor reactivity, reactor j
i

coolant pressure, reactor coolant inventory, and decay heat removal. Table 3-2 provides

examples of the primary process variables which can be measured to monitor these safe

shutdown functions for pressurized water reactors (PWRs).

:
i

*
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v

|

In addition to the instruments needed for measuring the primary process variables, any |
i.

instruments needed to control the safe shutdown equipment should also be identi6ed. For j

example, if a modulating valve is being used to control the level of water in a tank, then the f
>

level instrumentation for this tank should be identified as instrumentation needed by the !

modulating valve. Note that the power supply for this level instrumentation should also be

identified as a supporting system for the level instrument. i

!
Note that it is not necessary, in general, to identify instrumentation which simply indicates the I

status of an item of safe shutdown equipment. For example, it is not necessary to monitor the ;

current (amps) of a motor driving a pump, if the fluid level in the vessel to which the pump is |
pumping is being monitored (i.e., if the essential process variable is being measured). Likewise- '

,

;

it is not necessary, in general, to identify valve position instrumentation. !
r

f||

,

.i -

i

!

!

!
|

i
!

;

r

!

b

|

i

i

;

;
;
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,

Table 3-2 |
'|

EXAMPLES OF THE PRIMARY PROCESS
VARIABLES' WHICH CAN BE MEASURED TO MONITOR

SAFE SHUTDOWN FUNCTIONS FOR PWRs
,

1. Reactor Reactivity Control !
!

- Core Neutron Flux

- Position of All Control Rods, Reactor Coolant Boron
,

2Concentration and Cold Leg Temperature ;

2. Reactor Coolant Pressure Control
;

- Reactor Coolant Pressure .

,

- Subcooling Margin or Reactor Coolant Cold Leg Temperature i
,

- Pressurizer Level' L

3. Reactor Coolant Inventory Control

- Pressurizer 12 vel {
-

.

- Reactor Vessel Water Leveld [
:
!4. Decay Heat Removal

- Reactor Coolant Pressure |

- Reactor Coolant Hot Leg or Core Exit Temperature
f

- Reactor Coolant Cold Leg Temperature j

|

i

See notes on next page.
.

:
I

i
-

|

!

!

i

k
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Table 3-2 (continued) !
.

r

EXAMPLES OF THE PRIMARY PROCESS
VARIABLES' WHICH CAN BE MEASURED TO MONITOR f

SAFE SHUTDOWN FUNCTIONS FOR PWRs !

!

i

!
i
!
,

!
!

!
NOTES:

J

!

!
!
i

i Note that additional process variables may also be needed to control some of the safe i

shutdown equipment. For example, a tank level measurement might be needed to !

control the operation of valves which should be opened or closed to permit the use of I

another tank. *

2 It may be possible to eliminate boron concentration measurements on a plant-specific
basis ifit can be shown that planned actions during the 72-hour safe shutdown period
will not result in unacceptable boron dilution in the reactor coolant system. :

!
3 Pressurizer level should be measured for the pressure control function if pressurizer ;

heaters are used to control pressure so that the heaters remain covered.

-!
4- The need to measure reactor vessel level, in addition to pressurizer level, should be !

considered if the reactor coolant level drops below the lowest pressurizer level !
instrument reading during a potential overcooling transient. ~,

!
!

t

,

,

;

:
!
-

,

!
;

i

i
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t

3.3.9 Non-Safety-Grade Eouipment -

i

!
!

- It is permissible to identify non-safety-grade equipment for accomplishing safe shutdown
i

functions; however, the operation of this equipment should be included in the plant operating |

procedures used to shut down the plant. I

!

!

3.3.10 Tanks and Heat Exchangers
E

i

1

'
Tanks and heat exchangers which are needed by or connected to the safe shutdown systems

should also be identified for seismic evaluation. Even though tanks and heat exchangers are |

passive equipment, they are included within the scope of equipment which should be evaluated |
for seismic adequacy in Section 7.

1

:

There are two types of seismic concerns regarding tanks and heat exchangers. The Drst is
'

maintaining its structural integrity so that the fluid contained therein can be used by a safe,

i

shutdown system. The second concern is ensuring that these large, heavy items of equipment !

stay in place during an SSE so that attached lines do not rupture from large displacements of the
.

|

!

tank or heat exchanger. To protect against this second concern, it may be necessary to evaluate j

the seismic adequacy of certain tanks or heat exchangers even if they are outside the pressure f
boundary of the safe shutdown system if a boundary isolation valve is located relatively close to ;

the tank or heat exchanger. !
!
!

!

At the option of the utility; large, Dat-bottom, metal, Borated Water Storage Tanks (BWSTs) in |

PWRs may be added to the SSEL, even if they are not needed by or closely connected to any !

safe shutdown systems. Use of the guidelines in Section 7 for evaluation of large, flat-bottom, !

i

metal BWSTs and any other large, Dat-bottom, metal storage tanks needed for safe shutdown, is |

considered an acceptable method for resolving Unresolved Safety Issue (USI) A-40, Seismic f
iDesign Criteria, as it applies to operating plants.
!
>

!'

;

3.3.11 Cable and Conduit Raceways
.

!
4

Not Used. i

i

!
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-3.4 SAFE SHUTDOWN FUNCTIONS

-To achieve and maintain safe shutdown conditions during and following a safe shutdown

earthquak.e, the following four safe shutdown functions should be accomplished:

o Reactor Reactivity Control

o Reactor Coolant Pressure Control

o Reactor Coolant Inventory Control

o Decay Heat Removal

These functions focus on controlling the nuclear, thermal, and hydraulic performance of the

reactor and the reactor coolant system. To monitor that these safe shutdown functions are being

accomplished, certain process variables should be measured.

These safe shutdown functions are described below along with examples of the process variables

which should be considered for measurement to assure that these functions are being

accomplished.

3.4.1 Reactor Reactivity Control Function

The reactivity control function is accomplished by insertion of negative reactivity shortly after

obtaining the signal to shutdown. Additional negative reactivity is also needed to compensate for

the combined effects of Xenon-135 decay and reactor coolant temperature decreases. A process

variable which may be measured to monitor reactivity is core neutron flux. An alternative to

measuring core reactivity directly is to measure other parameters which can be used to show that

the core remains suberitical. For PWRs, measurements could be made of the position of all the

control rods, the temperature of the reactor coolant cold leg, and the boron concentration in the

reactor coolant system; fully inserted rods with sufficient boron concentration in the reactor

coolant, for a given temperature, will result in the reactor remaining subcritical. Note that it

may be possible to eliminate boron concentration measurements on a plant-speci6c basis if it can

be shown that planned activas during the 72-hour safe shutdown period will not result in

unacceptable boron dilution in the reactor coolant system.

3-22
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,

|
3.4.2 Reactor Coolant Pressure Control Function j

:

;

1

The pressure control function has several elements which should be accomplished to ensure that :
i

the reactor coolant system is operated properly: ;

i
i

io The reactor coolant system pressure should not exceed a maximum pressure. ;
t

!

The pressure should be maintained within the reactor coolant system pressure-o
:

temperature limits of the plant's Technical Specifications to prevent reactor vessel |
brittle fracture. !

:

For PWRs there should be sufficient subcooling margin, consistent with plant !o
operating procedures or plant Technical Specifications, to avoid formation of a steam
bubble within the reactor vessel and to promote natural circulation between the core ~!

and the steam generators.
|
.

o For PWRs the differential pressure across the steam generator tubes should not exceed !

the pressure-temperature limits of the plant-specific Technical Specifications to prevent |
leaks and ruptures in these tubes.

I

i
ifit is preferred (or required due to certain plant limitations), the plant may be brought to a cold

,

shutdown condition during the 72 hours following an SSE instead of staying in the hot shutdown f
I

condition. However, if this is done, the following additional elements should also be j

accomplished: !
i

There should be a means for reducing the reactor coolant system pressure to the point Io;

where the low pressure Decay Heat Removal (DH) System can be operated.
'

When the reactor coolant system is connected to the low pressure DH system, theo
,

system pressure should not exceed a maximum pressure for the low pressure DH j
, system. !

!,

i

Process variables which should be measured for monitoring the reactor coolant system pressure I,
include reactor coolant pressure, reactor coolant temperature (or subcooling margin for PWRs), !

and pressurizer level if pressurizer heaters are used for pressure control.
:

,

3.4.3 Reactor Coolant Inventory Control Function j

!
g The reactor coolant inventory control function is necessary to assure that the reactor core !

;

3-23 |
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remains covered so that decay heat can be removed during and ai,er the postulated earthquake.

Inventory control has two elements which should be accomplished:

o Loss of reactor coolant from the reactor coolant system should be minimized.

Sufficient makeup capacity should be available to compensate for losses due to leakage6

from the reactor coolant system and for fluid shrinkage when the reactor coolant
temperature is lowered. Note: If it is possible to lose cooling capability to the reactor
coolant pump seals, then makeup capacity and coolant supplies should be available te
compensate for possible leakage from these seals.

Process variables which should be measured for monitoring the inventory of the reactor coolant

system include water level in the pressurizer for PWRs. If the water level drops below the

lowest pressurizer level instrument reading in a PWR (during a potential overcooling transient),

then it may be necessary to also measure reactor vessel level so that the operator can monitor the

actual inventory of water in the reactor coolant system.

3.4.4 Decay Heat Removal Function

The decay heat removal function is accomplished by removing decay heat and stored heat from i
1

the reactor core and reactor coolant system at a rate such that overall reactor coolant system

temperatures can be lowered to and maintained within acceptable limits.

Process variables which should be measured for monitoring the decay heat removal function
;

include reactor coolant temperature and pressure. For PWRs, both the hot leg (or core exit)

temperature and the cold leg temperature should be measured during natural circulation decay

heat removal conditions to verify that natural circulation is established between the reactor core

and the steam generator.

3.5 SAFE SHUTDOWN ALTERNATIVES

i

Nuclear power plants typically have several paths or methods which can be used to bring a plant

to a safe shutdown condition; this is due to the redundancy and diversity designed into the plant.

Typical alternative methods for accomplishing the four safe shutdown functions (described in the

3-24
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;

i

previous section) are outlined in this section. A detailed description of these generic alternatives- j

- is contained in Appendix A and may be used as guides for identifying the available alternative
|

paths in a specific nuclear power plant. j

!,
f

To accomplish the purpose of this procedure it is necessary to show that the primary and backup
|

equipment are seismically adequate for each of the four safe shutdown functions. The backup |
means for accomplishing these functions can be by using a different shutdown train or by using !

:

different equipment in the same shutdown train. |
t

i

Some of the items which can be considered in selecting preferred safe shutdown alternatives are 'f
i

given below.
;

:!
t

!o The systems and equipment selected for shutting down the plant following a fire could
be considered. It should be noted, however, that not all the safe shutdown equipment [
identified for this procedure may be the same as the equipment identified for 10 '

C.F.R. 50, . Appendix R, even if the same general method is selected for shutting down j
the plant.

i
;

o The alternatives which rely on systems and equipment to operate in their normal . mode j
can be considered. !

a
i

o The alternatives which are straightforward and present the least challenge to the [
operators can be considered. |

i
o The status of the seismic classification, design, and documentation for the equipment

'

j

in the plant can be an important factor in selecting the preferred safe shutdown j
alternatives.

O The results of previous seismic reviews and walkdowns can be considered. f
|

o The location (elevation) of the equipment within the plant can be considered (the lower I

the elevation, the lower the seismic excitation). |
!

o The operating procedures (normal or emergency) and operator training used to achieve {
and maintain safe shutdown conditions can be considered.

,

i
1

;

In addition, the following factors may also be considered: ~j
,

d

o The alternatives which minimize the amount of effort, expense, and radiation exposure 1

necessary to verify the seismic adequacy of the equipment can be considered.

!
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!

!
-0 The practicality / difficulty and cost of returning the plant to normal operation after an

;
SSE can be considered. i

!

Selection cf the preferred safe shutdown alternatives should be done with consultation of the

plant operators and management.

:
1

The remainder of this section summarizes the major system alternatives typically available for :
-;

accomplishing each of the four safe shutdown functions. ;

!

3.5.1 Reactor Reactivity Control
!
,

I

The primary method of controlling reactivity in PWRs is by insertion of the control rods. |

Typically liquid poison (boron) should also be injected into the reactor coolant system to !

compensate for positive reactivity increases due to the combined effects of Xenon-135 decay and f
reduction of the reactor coolant temperature. Borated water can be injected via High Pressure !

Injection (HPI) and Low Pressure Injection (LPI) which originate from either the Makeup and -{
Purification (MU) System or Decay Heat Removal (DH) System, respectively.

.

,

F

!
'

3.5.2 Reactor Coolant Pressure Control '

j,

There are various pressure-temperature limits which should not be exceeded in the reactor
{

coolant system of PWRs. These include:

o Reactor coolant system pressure should remain below the design limit. '

Subcooling margin should be maintained to permit natural circulation of reactoro

coolant between the core (heat source) and the steam generators (heat sink).
,

Subcooling margin should also be maintained to provide sufficient net positive suction .;o

head (NPSH) on the Decay Heat Removal (DH) System pumps during low pressure !
,

decay heat removal. i

!
'o Reactor vessel brittle fracture limits should be avoided. This limit could be exceeded

if the reactor coolant pressure is very high for a given temperature or the temperature
;

is very low for a given pressure. (Figure A-3 in Appendix' A illustrates this limit.)
,

o Steam generator tube differential pressure limit should be avoided. This limit could be ,

:

|
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exceeded if the reactor coolant system pressure (acting on tube ID) is not properly
balanced by the steam generator pressure (acting on the tube OD) for a given
temperature.

o Peak reactor coolant system pressure should not exceed a maximum pressure for the
low pressure Decay Heat Removal System when this system is in operation.

These limits can be avoided by increasing or decreasing the reactor coolant system pressure.

Typical methods for decreasing the pressure include:

Discharge of Primary System steam from the pressurizer power-operated relief valveo

(PORV).
i

o Discharge of Secondary System steam via the atmospheric dump valves.

o Discharge of Primary System steam from the pressurizer safety relief valve (SRV) at
its set pressure.

O Collapse of the steam bubble in the pressurizer via injection of water with the
pressurizer auxiliary spray. (Pressurber spray driven by the pressure drop across the
reactor coolant pumps would not available if offsite power is lost.)

Discharge via reactor coolant letdown through the Makeup and Purification System.o

Discharge via the decay heat removal safety relief valve while at low pressure.O

Typical methods for increasing reactor coolant system pressure include:

Feed via the high pressure injection (HPI) via the Makeup and Purification System.o

o Increase the saturation temperature of the reactor coolant in the pressurizer via the-
pressurizer heaters.

Io Feed via the low pressure injection (LPI) via the Decay Heat Removal System while at ;
low pressure.

3.5.3 Reactor Coolant Inventory Control

The inventory of the reactor coolant system is controlled by feeding water into the system when

- it is low and minimizing the loss of water from the various openings in the system when the

inventory is adequate. Note that the alternatives for inventory control are directly related to
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:

I

some of the alternatives for pressure control, e.g., adding water to the reactor coolant system

increases the system pressure while removing steam decreases the pressure. !

|
i

Typical methods for increasing reactor coolant system inventory in B&W PWRs include: )
|.

;

o Feed via the high pressure injection (HPI) via the MU System. |
!

o Feed via the low pressure injection (LPI) via the DH System (at low pressure only).

i
'

Typical ways in which the reactor coolant system inventory can be lost in PWRs include:
:

!
!

o Discharge via the reactor coolant pump seal leakoff. |
-

o Discharge via the letdown paths.

o Discharge via the power-operated relief valve (PORV). |
!

Discharge via the pressurizer safety relief valves (SRVs) at their set point. j
o

t

o Discharge via other vents and drains. ;

i
!

3.5.4 Decay Heat Removal !-

While the reactor coolant system is at high temperature and pressure, the steam generators can {
be used for removing decay heat from PWRs. Steam generator cooling can be accomplished by !

establishing natural circulation of reactor coolant from the core (heat source) to the steam I
:

generstor (heat sink). Heat can be removed from the secondary side of the steam generator by i

discharging steam from the main steam atmospheric steam dump valves. The main steam safety ,

va'ves (MSSVs) can also be used to discharge steam if the secondary side pressure is allowed to

go up to the MSSV set point. Makeup water can be fed into the secondary side of the steam

generator via the Emergency Feedwater System.
,

i

i

8 Note that the reactor coolant pump seals may need a supply of water for cooling
|

(closed cooling, injection, or both) to maintain their integrity while the reactor
coolant system is at elevated temperature. If these services are not included in the

;

selected safe shutdown approach, the consequences of seal failure leakage should i
also be addressed. t

;
t
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[

!
Ifit is preferred (or required due to certain plant limitations) to bring the plant to a cold |

i

shutdown condition, the Decay Heat Removal System can be used to remove heat from the !
I

reactor coolant system after the reactor coolant system pressure and temperature are lowered into :

1

the hot shutdown region (typically below about 200 psia and 280'F). The heat from the DH |
System is transferred to the Ultimate Heat Sink via the Decay Heat Closed Cycle Cooling Water :

System and the Nuclear Services and Decay Heat Seawater (RW) System. [
1

I

!
3.6 IDENTIFICATION OF EQUIPMENT j

1

The purpose of this subsection is to summarize the method of identifying the individual items of -!
:.

equipment contained in the alternatives selected in Section 3.5 for safe shutdown. 'A detailed

description of this method is contained in Appendix A including a step-by-step procedure with a !
I

flow diagram. i

|
t

r

The approach used to identify the safe shutdown equipment has five major steps: i
!

!

o Identification of fluid system equipment. |,

!
o identification of supporting system equipment. j

t

o Preparation of a safe shutdown equipment list for seismic evaluation. [

Preliminary walkdown to locate and identify equipment for seismic evaluation. i
o

!
!

IThese steps are summarized below.
:
>

3.6.1 Identification of Fluid System Eauinment i

i

The fluid system equipment for the selected safe shutdown alternatives should be identified

separately for cach of the four safe shutdown functions. This results in four separate safe
;

I

shutdown equipment lists (SSELs). This method may result in some duplication of equipment on j
these separate SSELs; however, this will insure that all the equipment for all four safe shutdown |

functions is identified. |

t

i
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!

The four SSELs generated for the fluid system equipment may be combined into one Composite i
I

SSEL. This Composite SSEL should contain (1) equipment which should be evaluated for j

seismic adequacy, and (2) other equipment which may be needed for safe shutdown but does not f
need to be reviewed for seismic adequacy. !

!

!
The suggested method for identifying the fluid system equipment is to trace the path taken by the f

I
fluid from its source to its ultimate destination. The piping and instrumentation diagrams

(P&lD's or commonly referred to as Flow Diagrams) can be used to do this; see-through |
i

markers or highlighters can be used to mark up the diagram to ensure that all branch lines and j

alternate paths are considered. The scope of this review should extend up to and include the f
!,

isolation valves in the main and branch lines which form the boundary of the system. The plant |
!

configuration during normal power operation should be used. It is optional whether passive |
items of equipment are listed on the SSEL.

;,

!
As one traces the fluid flow path and any branch lines, the equipment in the flow should be- {
entered onto an SSEL. A blank form showing the format for the SSEL is shown in Exhibit A-1 |

in Appendix A. A completed SSEL is shown in Exhibit A-2 in Appendix A. The data to be ;
-

i

entered on this SSEL include, for each item of equipment:

[
o SSEL line entry number (e.g., 4001, 4002....). !

,

-0 Train number (e.g., "1" for the primary train or component. "2" for the backup train i

or component, etc.).

o Equipment class number (from Table 3-1). :
>

o Equipment identification number (plant unique). -I

1

o Name of the system and a description of the equipment.

O Drawing number and zone showing the location of the equipnht un the schematic
drawing (optional). !

.

o Equipment location in plant (building, elevation, room or row and column). |
i

o Type of evaluation to be performed on the item of equipment, i.e., a seismic review
("S"). i

o Notes (optional).
1
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'!

o Normal and desired operating state. f
!

o Whether power is required to operate or control the equipment to achieve or maintain |
the desired operating state. ;

i
o Reference drawing number (s) identifying the supporting system (s). j

o List of required and supporting systems and components.

!

-

3.6.2 Identification of Suonortine System Ecumment :

I

I

Most of the safe shutdown equipment will require support from some other systems to operate. ,

Supporting systems include electrical power, pneumatic power, hydraulic power, lubrication, ,

t

cooling, control, and instrumentation. The supporting systems for the equipment in the fluid !

system are identified in the first major step described in Section 3.6.1, above. The eouioment in
,

each of these supporting systems should then be identified in this second major step, using an |
approach similar to that described for fluid system equipment (i.e., trace the path of power, f
lubrication, cooling or instrument signal from its sources to the item of safe shutdown :

:

equipment). Marking up schematic diagrams with highlighters helps identify the path and -

branches in these supporting systems. [
;
,

;

The equipment identified in the supporting systems can be entered as separate line items on the

same SSEL as the fluid system equipment being supported or separate SSELs can be developed |
for the supporting systems. The same information should be entered into the SSEL for the |

equipment in the supporting systems as was entered for the fluid systems (as described in Section |

3.6.1 above). These SSELs may also be combined into the Composite SSEL generated for the I

fluid system equipment. ;
;

|

Note that some of the equipment in the supporting systems requires support from other i

supporting systems. For example, pumps and valves in a fluid system may require electric

power from a diesel generator which in turn may require cooling from a cooling water system. )
The process of identifying all the supporting systems and their equipment should continue until j

all the supporting system equipment are listed for all the equipment on the SSELs. I
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3.6.3 Prenaration of Safe Shutdown Eauipment List (SSEL) for Seismic Evaluation [
r

!

A Seismic Review SSEL should be generated from the Composite SSEL described in Sections :

3.6.1 and 3.6.2 for use during the Screening Veri 5 cation and Walkdown described in Section 4

This SSEL for seismic evaluation would be a subset of the Composite SSEL and should contain _ ;i

only one line entry for each unique item of equipment; duplicate items of equipment should be f
'

deleted.
i
.

This Seismic Review SSEL can be generated from the Composite SSEL by selecting the records
|

containing an "S" in the " Eval. Type" field of Exhibit A-1 in Appendix A. A blank Seismic !

Review SSEL is shown in Exhibit A-3 in Appendix A; a completed one is shown in Exhibit A-4. ;

;

;

3.6.4 Preliminary Walkdown to Locate and Identifv Eauipment for Seismic Evaluation !

!
!

A preliminary walkdown of all the equipment on the Seismic Review SSEL should be conducted [
prior to the full seismic walkdo en to accomplish the following objectives: |

|
o Determine the location in the plant of each item of equipment on the SSEL.

O Identify any other equipment needed for safe shutdowa which should be included on
,

the SSEL. !

!
r

o Group all the components mounted within the " box" of larger items of equipment.

The Grst objective (determining the equipment location) is important to minimize the walkdown !

time of the Seismic Review Team (SRT) during the Screening Veri 6 cation and Walkdown. [

Information which should be obtained during the preliminary walkdown includes: |

0 Determine the actual location (building, elevation, room, row / column) of the j

equipment in the plant.
'

,

o Verify the equipment identification number (tag number). {
i

o Determine whether special tools, equipment, or procedures would be needed to inspect i

the equipment (e.g., ladders, insulation removal, radiation work permits, security |
keys, etc.). i

s
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t

The second objective (identifying other equipment) is important since some of the equipment $
:

needed for safe shutdown may not be explicitly shown on schematic diagrams. This type of-
*

.cquipment would typically include supporting systems and equipment not mounted on or within f
the " box" of safe shutdown equipment. Examples of this type of equipment found during the -

SQUG trial plant reviews include:

- i
t

o Oil reservoir tanks for the lube oil system of the service water pumps. - |

o Electrical control cabinets for the emergency diesel generators,

o Neutral ground resistors for emergency diesel generators.

i

- Accomplishing the third objective (group components within the " box") is useful since schematic !
;

diagrams typically show many items of equipment which may be mounted on or within the j

" box" of a larger item of equipment. For example, schematic diagrams may show a cooling

water heat exchanger for a diesel generator. If this heat exchanger is mounted on the diesel ;

generator skid, then it is included within the " box" of the diesel generator and can be deleted ;
i

from the SSEL. Likewise, instrumentation and solenoid-operated valves mounted on a valve |
- t

needed for safe shutdown could be verified for seismic adequacy as a part of the valve assembly.

. I

3.6.5 Preoaration of Safety Shutdown Ecuipment List (SSED for Relay Evaluation

!

Not used.
~

I
1

3.6.6 Data Base Management System
. i
;

-

.

A data base management system can be used to prepare the SSELs. A data base management ,

'

program was used during the SQUG trial plant reviews to: |

'o Consolidate the separate SSELs into a single Composite SSEL. This SSEL was then
sorted to develop a single Seismic Review SSEL.

o Sort equipment by equipment class and location in the plant for use during the ]
Screening Verification and Walkdown. ;

o Print the headings on the Seismic Evaluation Work Sheets (SEWS) prior to the plant
i
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i
3

walkdown from the SSEL file. (The SEWS are contained in Appendix G.) j

o Print out the Screening and Verification Data Sheets (SVDSs). - (The SVDSs are
described in Section 4.)

, t

-

,

Use of a computer data base management program is optional.
:

3.7: OPERATIONS DEPARTMENT REVIEW OF SSEL f
!

!

The Safe Shutdown Equipment List (SSEL) generated for resolution of USI A-46 should be i

reviewed for compatibility with the plant procedures for shutting down the plant. The purpose .;

of this section is to provide suggested methods for performing this review by the plant's

Operations Department. Note that the individuals performing this review should be familiar with

the General Criteria and Governing Assumptions contained in Section 3.2 and the Scope of f
- Equipment for the USI A-46 program contained in Section 3.3.

i
;

A review of the SSEL by a representative of the plant's Operations Department is required to |

confirm compatibility with the plant normal and emergency operating procedures. The intent of

the Operations Department review of the SSEL is to verify that a trained operator, following
i

existing plant procedures, will eventually be directed to the use of the safe shutdown equipment ,

and instruments even though the operator may have first tried to shut down using equipment not !

included in the USl A-46 SSEL. It is HQ1 the intent that the operator be directed to use the USI

A-46 shutdown path as his first priority or to change the symptom-based emergency operating

procedures.

i

|
Rather, this review is to ensure that the shutdown path selected for USI A-46 and included in the :

SSEL is a legitimate safe shutdown path consistent with plant procedures and operator training. !
4

.

s
.

.

One method of reviewing the SSEL against the plant operating procedures is to do a " desk top"
]

review of the applicable procedures. Using this method, the normal and emergency operating ;

-i
procedures are reviewed by an experienced Operations Department representative to check r

,

whether all equipment called out in the operating procedures for the selected path are included

on the SSEL. This review should also verify that there are no paths from which an operator a
i

i
'
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could not recover with the selected set of SSEL equipment. For those steps in the procedure

which rely upon operator training (i.e., steps which only give ari overview summary of the

actions to be taken; detailed steps are omitted), the reviewer should mentally walk through the

actions an operator would take and verify that all the equipment needed is on the SSEL.

Another method of reviewing the SSEL against the plant operating procedures is to use a

simulator. A loss of offsite power could then be simulated. An operator could go through this

simulated transient and be observed and/or interviewed to determine whether any problems are

encountered.

Another method of reviewing the SSEL against the plant operating procedures is to perform a

limited control room walkdown in which an operator talks and walks through a plant shutdown

following a postulated loss of offsite power. This could include not only the actions taken by the

operator in the control room. but also operator actions taken in the plant where the equipment is

operated from a local control panel or station.

The Operations Department of the plant should decide which of these approaches or combination

of approaches would best accomplish the review of the SSEL against the plant's operating

procedures.

3.8 DOCUMENTATION

A summary of the systems selected for shutting down the plant following a Safe Shutdown

Earthquake (SSE) and the basis for selecting those systems should be documented. This

summary can be similar to the generic summaries contained in Appendix A for a pWR.

The scope of the equipment included on the Safe Shutdown Equipment List (SSEL) for each of

the systems used to shut down the plant should be identified; this can be done using marked-up

schematic drawings (p& ids, electrical one-lines, etc.).
!

The Safe Shutdown Equipment Lists (SSELs) should be retained along with any special )
explanations for including or excluding certain items of equipment.
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|
;

The method used by th'e plant's Operations Department to ' verify the compatibility of the SSELs'
'

-|with the plant operating procedures should be documented.
:

I

-Section 9 summarizes the type of documentation which should be generated and that which f
should be included in the report submitted to the NRC. !

:

i
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Section 4 ,

,

SCREENING VERIFICATION AND WALKDOWN

4.0 INTRODUCTION

The purpose of this section is to describe the Screening Verification and Walkdown which should .

be performed to verify the seismic adequacy of active mechanical and electrical equipment

identified in Section 3. The guidelines contained in this section can be used as the first level of

screening of this equipment for seismic adequacy. If the equipment does not pass this screen,

other more refined or sophisticated methods for verifying the seismic adequacy of the equipment

may be used as described in Section 5, Outlier Identification and Resolution.

Seismic Screenine Guidelin_eji

The procedure for performing the Screening Verification and Walkdown is depicted in Figure 4-

1. As shown in the figure, each of the following four seismic screening guidelines should be

used to verify the seismic adequacy of an item of equipment:

:

o Seismic Capacity Compared to Seismic Demand - The seismic capacity of the
equipment, based on earthquake experience data, generic seismic testing data, or
equipment-specific seismic qualification data, should be greater than the scismic
demand imposed on the equipment by the safe shutdown earthquake (SSE). This item
has been pre-screened by Reference 37. All CR3 SSEL equipment is considered to
have a seismic capacity in excess of the seismic demand as long as all applicable
equipment Caveats are met; however, equipment anchorage must be reviewed
separately in accordance with Section 4.4.

,
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-. 0 - Caveats - In order to use the seismic capacity defined by the earthquake experience
Bounding Spectrum or the generic seismic testing GERS, the equipment should be
r.imilar to the equipment in the earthquake experience equipment class or the generic
seismic testing equipment class and also meet the intent of the specific caveats for that :
class of equipment. If equipment-specific seismic qualification data is used, then any
specific restrictions or caveats for that qualification data apply instead.

o Anchorage - The equipment anchorage capacity, installation, and stiffness should be
adequate to withstand the seismic demand from the SSE at the equipment location.

o Seismic Interaction - The effect of possible seismic spatial interactions with nearby
equipment, systems, and structures should not cause the equipment to fail to perform
its intended safe shutdown function. .

The evaluation of equipment against each of these four screening guidelines should be based

upon walkdown evaluations, calculations, or other supporting data, subject to the judgement of

the SCE's.

Outlier Resolution

An outlier is defined as an item of equipment which does not meet the screening guidelines

contained in this section. An outlier may be shown to be adequate for seismic loadings by

performing additional evaluations such as the seismic qualification techniques currently being

used in newer nuclear power plants. These additional evaluations and alternate methods should

be thoroughly documented to permit independent review. Section 5 summarizes possible

methods for evaluating outliers.

Seismic Canability Engineers

The guidelines described in this section should be applied by Seismic Capability Engineers as

defined in Section 2. These engineers are expected to exercise engineering judgment based upon

an understanding of the guidelines given in this document, the basis for these guidelines given in

the reference documents and presented in the SQUG training course, and their own seismic

engineering experience.

Other Tyoes ofJeismic Evaluations and Interfaces
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i

l
in addition to the seismic evaluations covered in this section for active mechanical and electrical !

!

equipment, seismic evaluations for Tanks and Heat Exchangers are covered in Section 7.
,

!

To enhance relay performance during and following an earthquake, FPC will take the following j

measures for any SSEL cabinets containing relays (Note: no effort is being made to identify .j
.

essential relays). .[
-

,

i

o Seismic interaction, including mild bumping, :s not allowed on these cabinets. f
i

o Anchorage of these cabinets will be reviewed to assure that local uplift and impact of -|
cabinet base does not occur. !

!

!

Organization of Section

i

The remainder of this section is organized as follows:
!

!

Section 4.1 lists the requirements to which FPC will commit to when adopting the }
o

Screening Veri 6 cation and Walkdown procedure in this document for resolution of i

USI A-46.

Sections 4.2 through 4.5 describe the four seismic screening guidelines for performingo
.;

the Screening Verification and Walkdown. ;

i
Section 4.6 provides recommendations for documenting the results of the Screeningo !

Veri 6 cation and Walkdown. -

t

t

:

Guidelines for preparing for and conducting a Screening Verification and Walkdown are [
;

described Appendices E and F, respectively. Recommended checklists. called Screening

Evaluation Work Sheets (SEWS), are provided in Appendix G for use during the Screening i

Verification and Walkdown.
)
i

4.1 FPC COMMITMENTS i
i
f

i

FPC commits to the following in regard to verifying the seismic adequacy of active mechanical i
:

and electrical equipment in the identified safe shutdown path. :
>

!

.
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!
:

:1

. 4.1.1 Basic Criteria
a

:
i

:

FPC will use the following three screening guidelines to verify the seismic adequacy of safe !
1

shutdown equipment. i

!

_
I

o The seismic capacity of the equipment will exceed the seismic demand associated with {
the safe shutdown earthquake (SSE). As previously stated, seismic demand has been j
pre-screened by Reference 37. No other action is required. ;

!

o Anchorage capacity, stiffness, and installation will be adequate to withstand the j
seismic demand associated with the SSE.

1

o Seismic interactions with nearby equipment or structures will not adversely affect the - |
required safe shutdown function of the equipment. |

$

!
The methods for verifying the seismic adequacy of tanks and heat exchangers is discussed in

.

,

Section 7 of this procedure.
f

4.1.2 Determination of Seismic Capacity
i

FPC will determine the seismic capacity of safe shutdown equipment using: |
|
:

o Earthquake experience data with capacity defined by the Bounding Spectrum,. i
'

i
Equipment-3pecific seismic qualification data, or data on similar equipment.o

t

.

j4.1.3 Use of Caveats
.

.

|
FPC will evaluate whether the safe shutdown equipment meets the intent of the caveats j-

;

summarized in Appendix B when verifying the seismic adequacy of equipment by use of the 1

;
Bounding Spectrum. !

r
)
!

4.1.4 Anchorace Verification
i

i

f

FPC will verify anchorage adequacy with an approach incorporating these elements:

I
!

4-5

!

:

!
.- . - - - - - --



. _ _ _ _ _ _ . ._ _ __. .._ .m ._ . _ .
,

1
>

. . 1-

Evaluation of the anchorage to verify that it is free of gross installation defects.
|

o

!
Evaluation of the equipment anchorage load path to verify that there is adequate lo
stiffness and strength. '

L

. !
All required anchorages of safe shutdown equipment will be inspected unless otherwise. justified . |

.t
by the Seismic Capability Engineers, based on other anchorage evaluation results, radiation dose

j
concerns, or other factors. I

!
!

!
4.1.5 Seismic Interaction

|
!

i
FPC will evaluate seismic spatial interactions of safe shutdown equipment with nearby equipment ;

and structures that may compromise the performance of the safe shutdown function. Three !
t

effects will be included in the review: |
.

!

o Proximity effects
!

o Overhead or adjacent equipment failure
]

o Flexibility of attached lines or cables
- 5

I
i
i4.1.6 Documentation
|i
!,

FPC will document the results of the Screening Verification and Walkdown on Screening |
Verification Data Sheets (SVDS). !

!

.

4.2 SEIShilC CAPACITY COMPARED TO SEISMIC DEMAND I
!

'

i

.

The first screening guideline which should be satisfied to verify the seismic adequacy of an item |
of mechanical or electrical equipment is to confirm that the seismic capacity of the equipment is

greater than or equal to the seismic demand imposed on it. Reference 37 contains a detailed i
q

discussion of the CR3 seismic demand versus seismic capacity of equipment at CR3. The '

conclusion of this document is that no case-by-case evaluation is required. j
!

4.3 EQUIPMENT CLASS SIMILARITY AND CAVEATS
,

N
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,

The second screening guideline which should be satisGed to verify the seismic adequacy of an . |
i

item of mechanical or electrical equipment is to confirm that (1) the equipment characteristics j
are generally'similar to the earthquake experience equipment class or the genene seismic testmg :

equipment class and (2) the equipment meets the intent of the speciGc caveats for the equipment {
class. This review is only necessary when the Bounding Spectrum is used to represent'the !

seismic capacity of an item of equipment (as described in Section 4.2). If equipment-specific |
seismic qualiGcation data is used instead, then only the specific restrictions applicable to that ,

equipment-specific qualification data need be applied.

One important aspect of verifying the seismic adequacy of equipnant included within the scope I

of this procedure is explained by the " rule of the box." For the equipment included in either the

earthquake or testing equipment class (i.e., the equipment class sub-categories shown in
i

Table 3-1), all of the components mounted on or in this equipment are considered to be part of

that equipment and do not have to be evaluated separately. Auxiliary components which are noj !

mounted on the item of equipment but are needed by the equipment to fulfill its intended
;

function should be evaluated separately. Additional discussion of the " rule of the box" is found

|!in Section 3.3.3.
!

I

An item of equipment should have the same general characteristics as the equipment in the
,

earthquake experience equipment class or the generic seismic testing equipment class. The intent !

of this rule is to preclude items of equipment with unusual designs and characteristics which i

have not demonstrated seismic adequacy in carthquakes or tests. Appendix B contains a
i

summary of the equipment class descriptions based on the earthquake experience data and the ;

generic seismic testing data. f
i
|

" Caveats" are defined as the set of inclusion and exclusion rules which represent specific
f

characteristics and features particularly important for seismic adequacy of a particular class of j
equipment. Appendix B contains a summary of the caveats for the earthquake experience f
equipment class and for the generic seismic testing equipment class. [

!

l
!

The " intent" of the caveats should be met when evaluating an item of equipment as they are not '

fixed, inflexible rules. Engineering judgment should be used to determine whether the speciGc
I
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:
!

I

seismic concern addressed by the caveat is met. Appendix B provides brief discussions of the ]
intent of the caveats. Each item of equipment should be evaluated to determine whether it meets |
the specific wording of the applicable caveats and their intent. However, if an item of !

i

equipment meets the intent of the caveats but the specific wording of the caveat rule is not met, j

then that item is considered to have met the caveat; these cases should be reported to the NRC
.

and the reason for this conclusien should be documented in the plant records per Section 9.4. |,

:

|
'Note that the caveats of Appendix B are not necessarily a complete list of every seismically
:

vulnerable detail that may exist since it is impossible to cover all such situations by meaningfui !
t

caveats. Instead, the Seismic Capability Engineers should exercise their judgment and ;

!

experience to seek out suspicious details or uncommon situations (not specifically covered by the f
:

caveats) which may make equipment vulnerabic to SSE cffects. For example, the Seismic |
i

Capability Engineers should note any areas of concern within the " box" as defined in Section |
!

3.3.3 which could be seismically vulnerabic such as added attachments, missing or obviously-

inadequate ar.chorage of components, heavy objects mounted high up in the equipment, !
r

components which are known to be seismically sensitive, etc. |
;4

!
.

The summaries of the ecuipment class descriptions and caveats in Appendix B are based on [
i>

information contained in References 4,5, and 6. The Seismic Capability Enginects should use |

| the summaries in Appendix B only after first reviewing and understanding the background of the

I equipment classes and bases for the caveats as described in these references, These references

provide more details (such as photographs of the data ba,e equipment) and more discussion than .j

summarized in Appendix B. !
r

i !

4.4 ANCHORAGE ADEQUACY
-

:

!
!

The third screening guideline which should be satisfied to verify the seismic adequacy of an item j,

of mechanical or electrical equipment is to confirm that the anchorage of the equipment is

adequate, Lack of anchorage or inadequate anchorage has been a significant cause of equipment |;
r

failing to function properly during and following past earthquakes. -j
>

-i
>
l

The preferred method to determine tne adequacy of anchorage, support, and anchorage !oad path !;

:
:

f;

4-8 !
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,

'is through the inspection and judgment of Seismic Capability Engineers (SCEs). SCEs should

consider the anchorage attributes in Section 4.4.1 of the GIP ineference 36), as they judge |

appropriate, in their evaluation of the specific anchorage, support, or load path. If SCEs cannot f
' determine the adequacy of anchorage, support, or load path by mspection, then an engmeermg !

I

review of the anchorage, support, or load path should be conducted (which does not have to be ;

:
performed by SCEs). The engineering review should include a review of existing design ;

i

calculations or the performance of new calculations. i

;

!

4.5 SEISMIC INTERACTION :
5

I

The fourth and final screening guideline which should be satisfied to verify the seismic adequacy ;

of an item of mechanical or electrical equipment is to confirm that there are no adverse seismic !

spatial interactions with nearby equipment, systems, and structures which could cause the f
equipment to fail to perform its intended safe shutdown function. The interactions of concern q

are (1) proximity effects, (2) structural failure and falling, and (3) flexibility of attached lines

and cables. Guidelines forjudging interaction effects when verifying the seismic adequacy of

equipment are presented in Appendix D. ,

i

j

lt is the intent of the USI A-46 seismic interaction evaluation that real (i.e., credible and j

sigmficant) interac& n hazaris be identified and evaluated. The interaction evaluations described - i

:
in Appendix D focus on L ms of concern based on past earthquake experience. Systems and :

|
equipment which have not been specifically designed for seismic loads should not be arbitrarily ;

assumed to fail under earthquake loads; instead, Seismic Capability Engineers are expected to f
differentiate between likely and unlikely interactions, using theirjudgment and past carthquake |
experience. Examples of specific areas which warrant attention in the interaction evaluation are i

presented in Appendix D.
.

1

Note that rpecial attention should be given to the seismic interaction of electrical cabinets -

containi..g relays. If there are relays in the electrical cabinets, then any impact on the cabinet

should be considered an unacceptable seismic interaction and cause for identifying that item of ~ j
!

equipment as an outlier.

t
i

i

4-9

,

m 2 - . - r-- -- ,



4.6 DOCUMENTATION

'The results of the Screening Verification and Walkdown should be documented on walkdown

checklists, such as the SEWS contained in Appendix G, and on Screening Verification Data

Sheets (SVDSs), shown in Exhibit 4-1 at the end of this section. Preparation of the SEWS and

SVDSs includes a review of generic and plant-specific seismic documentation and a plant

walkdown of the safe shutdown equipment. The completed SEWS and SVDSs constitute the

formal documentation of the Screening Verification and Walkdown, and reflect the fmal

judgment of the Seismic Capability Engineers.

Other, informal documentation may be used by the Seismic Capability Engineers as an aid

during the Screening Verification and Walkdown. These may include calculations, sketches,

photographs, etc. Use of informal documentation is' optional.

-Instructions for completing the SEWS are included in Appendix G. Instructions for completing

the SVDS are provided belo v.

The SVDS is arranged in rows and columns. Each row contains one item of safe shutdown

equipment. The columns contain information about the equipment and the results of the

Screening Verification and Walkdown Guidelines for completing each of the columns are

provided below.

At the bottom of the SVDS are two sets of certifications to be signed by those performing the

Seismic Verification and Walkdown. The first certification should be signed by all the Seismic.

Capability Engineers who performed the Screening Verification and Walkdown; there should be

at least two such signatories, one of which should be a licensed professional engineer. A

signature on this certification indicates the Seismic Capability Engineer is in agreement with all

the entries and conclusior.s entered on the SVDS. All signatories should agree with all the

entries and conclusions.

The second certification at the bottom of the SVDS is for use by a systems or operations

engineer who may provide information to'the Seismic Capability Engineers during their seismic

4-10
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|
i

evaluation of the equipment. It is left to the Seismic Capability Engineers to determine whether !
t

this second certincation is needed. This certification should be completed by a systems or ,

operations engineer if he/she provides information critical to the evaluation of the seismic

adequacy of the equipment. Examples of such information include how a piece of equipment

operates or whether a feature on the equipment is needed to accomplish a safe shutdown |

function. Information of this type is panicularly important if an item of equipment is found f
during the walkdown which should be added to the safe shutdown' equipment list (SSEL). Only |

"

t
the signature of the systems or operations engineer should be documented on the SVDS; details ;

of the information supplied to the Seismic Capability Engineers need not be included.

i

Note that the completed SVDSs, with the certifications at the bottom, reflect the final judgment !

of the Seismic Capability Engineers. Prior to arriving at this fmaljudgment, there may have f
been several walkdowns, calculations, and other seismic evaluations which form the. basis for

i

certifying whether the equipment meets the screening guidelines contained in this procedure. I
t

t
i

! Compilation of the information on the SVDSs can be done using a data base management i
i

system. This raakes it possible to manipulate the order in which the equipment is listed on the !

sheets. During the SQUG trial plant reviews (References 16 and'25), it was convenient to print

; out SVDSs by location in the plant. This optimized the routing of the Seismic Capability |
Engineers during the walkdowns so that backtracking was minimized and separate teams o' |
Seismic Capability Engineers could cover different parts of the plant. After the walkdown is !,

t

complete, the data base management system can be used to sort the equipment on the SVDSs

into lists of outliers or other categories of equipment.
'

-
r

; !

:
i The contents of each of the 16 columns af the SVDS shown in Exhibit 4-1 is dest 9ed below. !

;>

i

Columns 1 through 6 contain information for identifying and locating the equipment. These i
.,

'
columns are the same as the comparable six columns on the Safe Shutdown Equipment List j

(SSEL) shown in Exhibit A-1 in Appendix A.
,

:

| Column I contains the equipment class number from Table 3-1 of Section 3. |
!
:

'
,

!

i
'
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!
+

'
Column 2 contains the plant identification or tag number for the equipment. This is

normally an alphanumeric designation by which an item of equipment is uniquely ;
!

identified in the plant. This identifier will permit direct access and a cross-reference ;

to the existing plant files or data system for the item of equipment. ;

; i

Column 3 contains both a designation of the plant system to which the eqmpment !
belongs and a description of the equipment. If the system designation is placed at the |
beginning of this field, then the equipment list can be sorted by system with a data '

!

base management system. '

i
i
'

Column 4 identifies the building in which the equipment is located.
,

!

Column 5 contains the floor elevation from which the item of equipment can be

viewed by the Seismic Capability Engineers.

7

Column 6 contains a designation of the location of the equipment within the building. !
; 1'

An example of this is by building column line intersection, such as F-12. This |
t

indicates the intersection of column lines F and 12. Alternatively, the room ;

designation can be given; e.g., diesel generator room (DG room).3

-

,

i !
Column 7 contains the elevation at which the equipment is mounted; i.e., the elevation !

!,

at which the equipment receives its seismic input (demand). This elevation should be j
"

determined by the Seismic Capability Engineers during the walkdown. Note that this |
t

elevation may not be the same as the floor elevation given in Column 5. j

l
i

Columns 8 through 12 are used to document the results of the evaluation of the equipment
|

against the three scismic screening guidelines: caveat compliance, anchorage adequacy, and
{

seismic interaction.
q

!

Column 8 indicJtes whether the equipment is within the scope of the earthquake / testing ,

i
equipment class and meets the intent of all the caveats for the equipment class. The

;
4

following codes may be used: i

i
|

4-12 !
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;

!

Y Yes, the equipment is in the equipment class, and the intent of all !
applicable caveats is satisfied.

N No, the equipment is not in the equipment class, or the intent of all ,

applicable caveats is not satisfied.
;
,

U Unknown whether the equipment is in the equipment class or whether !
the intent of all applicable caveats is satisfied. |

f

N/A The earthquake / test equipment class and the caveats are not applicable
,

to this item of equipment. j
i

l
Column 9 indicates whether the equipment anchorage meets the anchorage screening ,

guidelines. The following codes may be used:
,

Y Yes, anchorage strength is adequate, free of gross installation defects, j

and has adequate stiffness. !

N No, anchorage capacity is not adequate, or anchorage is not free of !
'

gross installation defects, or anchorage does not have adequate stiffness.
.

U Unknown whether anchorage capacities are adequate, or whether
~

j

anchorage is free of gross installation defects or has adequate stiffness.
~ '

N/A Anchorage guidelines are not applicable to this equipment; e.g., valves !

are not evaluated for anchorage, j
i
I

i
Column 10 indicates whether the equipment is free of adverce seismic interaction

,

i

effects. The following codes may be used: i
i

Y Yes, the equipment is free of interaction effects, or the
interaction effects are acceptable and do not compromise the

} safe shutdown function of the equipment. i

N No, the equipment is not free of adverse interaction effects.

U Unknown whether interaction effects will compromise the !
safe shutdown function of the. equipment. |

:

t

Columns 11 and 12 are used to document the overall result of the equipment evaluation and to )

record a note number for explaining anything unusual for an item of equipment.

.
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,

I

Column i1 indicates whether, in the finaljudgment of the Seismic Capability
!

Engineers, the seismic adequacy of the equipment is verified. Note that this judgment ;

may be based on one or more walkdowns, calculations, and other supporting data. j.

,

t

The following codes are used: |
|
!

Y Yes, seismic adequacy has been verified, i.e., :
code "Y", for all the applicable screening guidelines: i

(1) the equipment is in the earthquake / test equipment
class and the intent of all the caveats is
met. ,

(2) equipment anchorage is adequate, and !

(3) seismic interaction effects will not !

compromise the safe shutdown function of the
item of equipment. j

l

N No, seismic adequacy does not meet one or more
_ {

of the seismic evaluation criteria. Equipment is identified as an outlier . |
requiring further j
verification effort in accordance with Section 5. !

.!
. ;

Note that there is no " Unknown" category in Column 11. since this column represents [

the fmal judgment by the Seismic Capability Engineers. At this point, the item of

equipment should be either verified to be seismically adequate (Y) or found to be :

lacking in one or more areas (N) and should be evaluated as an outlier in accordance
i

with Section 5. - !
, +

.i
4

i

Column 12 can be used for explanatory notes. A number can be entered in this field f
f

which corresponds to a list of notes which provide additional information on the !

seismic evaluation of equipment. For example, a note could indicate that a solenoid-

operated valve is mounted on the yoke of an air-operated valve (AOV) and is

evaluated as a component mounted within the " box" of this AOV. This column should
.I

.

'

also be used to identify when the intent of any caveat is met, but the specific wording

of the caveat rule is not.

l.

:
I

:

;
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SCR((NINGVCRIFICAll0NDATASilfti($VDS)

[ quip. (quip. Syste*/fgel m at floor Room or Base Caveats Anchorage Interact. Equisment

g(gittG al t jD No. Dc15tjgt let fidg, Uen liow/C5th Uth OK7 OK7 OK1 CKT

12)
(t) (r) (3) (4) (5) (51 (1) (8) (9) (10) (11)

_

*
,

*.

CERIIFICAll0N:
CERilFICA110N:

the Information provided to the Selsmic Capability
All the Information conteleed on this 5creening Verification Date Sheet Engineers regarding systems and operations of the equipment
($VDS) is, to the best of our noteoge and belief, correct and accurate. contained on this SvDS is, to the best of our knowledge and ,

"All Information" includes each entry and conclusion (whether vertfled to be and belief, correct and accurate. ,

seismically adequate or not).
Approved: (One signature of Systems or Operations Engineer Is

Approved: (Signatures of all Selsenc (spebility (ngineers on the Selsmic required if the Selsmic Capability Engineers deem It
Review Team (5RI) are reovered: there should be at least two on the necessary.)
5RI. All signatories should agree with all of the entries and
conclusions. One sigasleer should be e licensed professional
engineer.) |

Print or Type Name Signature Oste
Date

Print or type Name Signature

Print or Type Name Signature Date
Date

Print or Type Mace 5tgaature

Print or type New Sigeteture Date
Date

Print or type Neme legasture
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Section 5

OUTLIER IDENTIFICATION AND RESOLUTION

,

0

5.0 INTRODUCTION

The purpose of this section is to define the term outliers, how they should be identified and

documented, and how they may be resolved.

An outlier is an item of equipment which does not comply with all of the screening guidelines

provided in this Procedure. The screening guidelines are intended to be used as a generic basis

for evaluating the seismic adequacy of equipment. If an item of equipment fails to pass these

generic screens, it may still be shown to be adequate for seismic loading by additional
.

evaluations.

This section describes how outliers should be identified and documented for equipment which

does not pass the screening guidelines for:

o Active mechanical and electrical equipment (Section 4),

o Tanks and heat exchangers (Section 7)

Several generic methods for resolving outliers are summarized in this section. Specific methods

for addressing the different types of equipment are also discussed in the sections where the
,

screening guidelines are described (Sections 4 and 7).

*

.

!
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i
The remainder of the section is organized as follows:

i

f
o The requirements to which FPC commits in regard to identification and resolution of !

outliers for resolution of USI A-46 are giv'en in Section 5.1.
{

o The reasons for classifying an itein of equipment as an outlier are described in Section 'f
5.2 along with a description of how outliers should be documented.

t

!

o A summary of generic metnods for resolving outliers is contained in Section 5.3.
,

.

Suggested methods for grouping and pooling of outliers from several different plants !o
for efficient reconciliation are provided in Section 5.4. |

1

5.1 FPC COMMITMENTS

i

FPC will commit to the following in regard to the identification and resolution of outliers.

;

5.1.1 Identification of Outliers
!
!

When performing the screening evaluations as set forth in Sections 4 and 7 FPC will classify an ;
'

item of identified safe shutdown equipment as an outlier if the screening guidelines defined in

these sections cannot be met. >

i
i

!

5.1.2 Resolution of Outliers !
>
$

FPC will assign suitably-qualified persons to the task of outlier resolution. If engineering. '|
i

judgment is used to resolve outliers based on the guidelines in this procedure, assigned persons i

will have the qualifications of a Seismic Capability Engineer as set forth in Section 2. If i

additional systems evaluations are required, assigned persons will have the qualifications of the
.1

Systems Engineers as set forth in Section 2.

;

i

5.2 OUTLIER IDENTIFICATION !

,

. An item of safe shutdown equipment should be identified as an outlier if it does not meet the
:

screening guidelines covered in the other sections of this procedure. The topics included in
,

5-2
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!

l
these screening guidelines are listed below for the various types of equipment covered by this

;

t
procedure: !

:

Section 4 - Active Mechanical and Electrical Eauipment *

(Equipment Class #0 through #20)

- Caveats |
!

- Anchorage {
:

Seismic Interaction !-

!

i
;

Section 7 - Tanks and Heat Exchangers I
(Equipment Class #21) |

>

- Shell Buckling of Large, Flat-Bottom, Vertical Tanks j
:

- Anchor Bolts and Embedments ,

I
*

- Anchorage Connections Between the Anchor Bolt and the Tank Shell
.

- Flexibility of Piping Attached to Large, Flat-Bottom, Vertical Tanks
,

f
:

II an item of equipment is identifica as an outlier during a screening evaluation in one of these j
r

other sections of this procedure, then the reason (s) for failing to satisfy the screening guidelines j

should be documented on an Outlier Seismic Verification Sheet (OSVS), shown in Exhibit 5-1. i

A separate OSVS should be completed for each item of equipment classified as an outlier. The .
'

information to be included in each of the four sections of the OSVS is described below.

!

Section 1 of the OSVS describes the item of equipment identified as an outlier. This is the same
'

information as found in the first seven columns of the SVDS, shown in Exhibit 4-1. On the !

OSVS, however, more space is provided to describe the equipment so that more details can be

included to facilitate later resolution of this outlier issue without requiring repeated trips into the
,

plant.

!
:
tSection 2 of the OSVS defines those conditions which cause that item of equipment to be
i

classified as an outlier. This section should identify which of the conditions is the cause for the ;
.

item of equipment becoming an outlier, More than one condition may be the cause for the ;

outlier. In addition, the reason (s) for the equipment being an outlier should be described in

5-3
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more detail. ;

- Section 3 of the OSVS can be used to provide a proposed method for resolving the outlier issue, ;

!

based on the experience and detailed evaluation of that item of equipment by the Seismic j

Capability Engineers. This is an optional part of the outlier identification process. This section |
also provides space for supplying any additional information which may be used to implement j

the proposed method of resolution. |
;

|

For Equipment Classes #0 through #22, as defined in Table 3-1, all the Seismic Capability- :

Engineers on the Seismic Review Tum (SRT) should sign the OSVS. Each SRT should have at

leas, two Seismic Capability Engineers; one of whom is a licensed professional engineer. By f
signing this form, each individual is certifying that once the outlier issue (s) described in Section

|
'

2 of the OSVS are satisfied, the item of equipment is considered seismically adequate. i

5.3 OUTLIER RESOLUTION {
;

Several generic methods for resolving outliers are summarized below. Additional specific !
e,

methods for addressing outliers for the different types of equipment are also discussed in the j
sections where the screening guidelines are described (Sections 4 and 7). The details for ,.

I

resolving outliers,. however, are beyond the scute of this procedure. It is the responsibility of i
!

the Seismic Capability Engiceers to resolve outliers using their existing engineering procedures

as they would resolve any other seismic concem.
i
,

l
11 is permissible to resolve outliers by performing additional evaluations and applying j

engineering judgment to address those areas which do not meet the screening guidelines !
- !

contained in this procedure. Strict adherence to the screening guidelines in this procedure is not

absolutely required; however, these additional outlier evaluations and the application of f

engineering judgment should be based on a thorough understanding of the screening guidelines |
contained in this procedure and the background and philosophy used to develop these guidelines |

as given in the applicable references. The justification and reasoning for considering an outlier ,,

to be acceptable should be based on mechanistic principles and sound engineering judgment. |
1
i

5-4
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It is recommended that the evaluations and judgments used to resolve outliers be thoroughly

documented so that independent reviews can be performed if necessary. I

:
,

Some of the methods summarized below for resolving outliers build upon the earthquake i

experience and generic testing data used to develop the GlP (Reference 36). FPC may use the j

Screening Verification and Walkdown procedure described in Section 4 in applying earthquake ;
.

experience which was not available during the initial walkdown for resolution of outliers, or it

may develop an alternative approach which best fits the circumstances of the specific outlier ;

issue. Outlier issues may also be resolved using current licensing procedures and criteria. |

;

As an alternative, FPC may choose to not perform corrective modifications or replacement of i

outliers. FPC must then explain to the NRC the safety implicatioas of not modifying or '

'

replacing the outliers as described in Part I, Section 2.3.1. The NRC must then meet the
i

requirements of 10 C.F.R S 50.109 (back6t rule) in order to require the corrective modifications ;

or replacements be completed.
|

:

Methods which can be used to resolve outliers include the following:
|

!
i

1. The earthquake experience equipment class may be expanded to include the !
>

equipment or specilie equipment features of interest. The scope of the earthquake
experience data which is documented in References 4 and 5 represents only a |

i portion of the total data available. (Note that although the NRC Staff has fully
reviewed the data in Reference 5, they have not reviewed the latest version of
Reference 4.) An expansion of the earthquake experience equipment classes ;

beyond the scope included in Appendix B could include a more detailed
i

breakdown by type, model or manufacturer of a particular class of equipment, i

less restrictive requirements for inclusion within a class, or development of a ;
-

sub-category with higher capacity. Extension of the generic experience ;,

equipment classes beyond the descriptions in this procedure is subject to NRC |

review.
,

.

2. The subject equipment or its anchorage may be evaluated more rigorously or |
'

modified to strengthen it and bring it within the scope of this procedure or in {
compliance with some other seismic quali5 cation method. .

i

3. The subject equipment may be replaced with equipment which is covered by
screening guidelines in this procedure or the GIP or has been seismically quali6ed j,

by some other means. !

!
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4

4. Detailed engineering analyses may be performed to more carefully and/or ;
accurately evaluate the seismic capacity of the equipment and/or the seismic j
demand to which it is exposed. For example, when using more accurate |
analytical procedures, consideration should be given to using "as-built" rather
than specified minimum material properties for the equipment. ;

i
5. In-situ tests may be performed on the equipment of interest to determine more j

accurately the equipment dynamic properties. ;

;

6. Shake table tests may be performed on the same or similar equipment to check its
seismic capacity or evaluate more carefully its dynamic properties. :

'
7. An alternate method of shutting the plant down may be selected if certain items of [

equipment can not be readily verified to be seismically adequate. |
,

8. Information not available during the Screening Verification and Walkdown may
be obtained and used to meet this procedure screening guidelines. |

9. Screening criteria for the GIP GERS may be used. 1

;

| The most appropriate type of outlier evaluation will depend upon a number of factors, including
|

the reason that the equipment failed the screening guidelines, whether the outlier lends itself to :,

additional review of the earthquake experience or generic testing data or an additional analytical

evaluation, the cost of design or hardware modifications, and how extensive the problem is in i

the plant and in other plants. .

!

The NRC should be provided with a proposed schedule for complete resolution or future f
|

modifications and replacement of outliers. Documentation of the actual methods selected by the {

utility for resolution of outlier issues and tracking of their implementation is discussed in Section

9, Documentation.
.

5.4 METHODS FOR GROUPING AND POOLING OF OUTLIERS t

t - :
j,

!Once an outlier has been identified and an OSVS is prepared for that item of equipment, the

OSVS could then be placed in an appropriate outlier category or " basket". There could be one ;

!

basket for each class of equipment for which there are outliers. Within each basket the outliers !
'

could be further divided into the various reasons that the equipment failed the screening

verification (e.g., capacity vs. demand, caveats, anchorage, or interactions). The organization -

of the outliers in this manner can facilitate reconciliation of recurring outlier issues. f
I
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One method to efficiently reconcile recurring outliers in SQUG plants is for the members of

SQUG to pool the outlier information obtained during' walkdowns. One means of pooling this

information is to tabulate the outliers, including the information contained on the SVDS and, if .

available, the method ultimately used to verify the seismic adequacy of the outlier. These tables

may be generated and organized, using a data base management program. This summary may ;

be distributed to the members of SQUG so that common outliers may be evaluated using the ,

experience obtained from other plants. For example, one utility may have one or several j

unreconciled outliers that an SRT at another plant was able to verify. The utility with the

unreconciled outliers may be able te employ a similar methodology if the detailed information

used in the outlier resolution is shared. Also, outliers from several SQUG plants may be
,

resolved more cost-effectively using shared funding.

i

,

k

4

E

E

3

!
'

!

2 - !

( I
'

|

,

a

:

:

!
1
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Sheet 1 of 2 |

Exhibit 5-1

OUTLIER SEISMIC VERIFICATION SHEET (OSVS)

1. OUTLIER IDENTIFICATION, DESCRIPTION, AND LOCATION !

Equipment ID Number Equipment Class i

;

Equipment Imcation: Building Floor Elevation
.

Room or Row / Column Base Elevation
,

t

Equipment Description |
<

:

2. OUTLIER ISSUE DEFINITION

a. Identify all the screening guidelines which are not met.
(Check more than one if several guidelines could not be satisned.) ,

-
.

Mechanical and
Electrical Eauioment Tank and Heat Exchancers :

Caveats Shell Buckling' |
J Anchorage Anchor Bolts and Embedment ,i

Seismic Anchorage Connections -|
Interaction ' i

Other Flexibility of Attached Piping' ;

Other i
;

' Shell buckling and flexibility of attached piping only apply to j
.

large, Dat-bottom, vertical tanks.
, ,

b. Describe all the reasons for the outlier (i.e., if all the listed !

outlier issues were resolved, then the signatories would consider -;
this item of equipment to be veri 6ed for seismic adequacy): '|

t

!

|

.

i
,

t

5-8
r
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Sheet .2 of 2 !
;

Exhibit 5-1 (Cont'd) i

OUTLIER SEISMIC VERIFICATION SHEET (OSVS) |

!
Equipment ID Number !

,

t

3. PROPOSED METHOD OF OUTLIER RESOLUTION (OPTIONAL) i

i
!

a. Derme proposed method (s) for resolving outlier. }
;

-|
;

i
,

J

t
j

I

b. Provide information needed to implement proposed method (s) for resolving outlier .!

(e.g., estimate of fundamental frequency). !

!
;

.

!
:

:(
:

|

I

4. CERTIFICATION- i

!

The information on this OSVS is, to the best of our knowledge and belief, correct and accurate, j
and resolution of the outlier issues listed on the previous page will satisfy the requirements for ;

this item of equipment to be verified for seismic adequacy- !

!
Approved by: (For Equipment Classes #0 - #22, all the Seismic Capability Engineers |
on the Seismic Review Team (SRT) should sign; there should be at least two on the i

SRT. One signatory should be a licensed professional engineer. {

Print or Type Name !
Signature Date ;

!

Print or Type Name |
Signature Date -i

*

Print or Type Name |
Signature Date I

i

5-9 i,
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Section 6

RELAY FUNCTIONALITY REVIEW

No specific relay functionality review is required under the Florida Power Plant Specific

Procedure. +

i

For further explanation see Reference 37.

Users of this procedure are urged to review Section 6 of the GIP (Reference 36). F

:

.

f

!

t
1

(

,

?

i

a

6-1
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Section 7

TANKS AND HEAT EXCHANGERS REVIEW

7.0 INTRODUCTION

This section describes the guidelines which should be used for evaluating the seismic adequacy

of those tanks and heat exchangers which are needed for safe shutdown during and following a

Safe Shutdown Earthquake (SSE) as identified in Section 3. These guidelines are intended only

for use on existing tanks and heat exchangers, and are not to be used for new installations.

The guidelines contained in this section are based on Reference 26. Note, however, that to

provide consistency with the remainder of the PSP some of the nomenclature and symbols used

in this section are slightly different than those used in Reference 26.

This section contains the FPC commitments (Section 7.1), a description of the overall evaluation

methodology (Section 7.2), the steps for verifying the seismic adequacy of vertical tanks (Section

7.3), the steps for verifying the seismic adequacy of horizontal tanks and heat exchangers

(Section 7.4), a description of how to treat outliers (Section 7.5), and a description of how to

document the results of the evaluations (Section 7.6).
,

Successful completion of the review described in this section for large, flat-bottom, cylindrical
,

vertical tanks, which are needed for safe shutdown or for refueling water storage in PWRs, is

i

7-1 |
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.

1.
;

i

considered an acceptable method for resolving the seismic issues related to these types of tanks j

. for Unresolved Safety Issue (USI) A-40, Seismic Design Criteria, as it applies to operating f
r

plants. j

;
i

7.1 FPC COMMITMENTS

|
!

FPC commits to the following in regard to the verification of seismic adequacy of tanks and heat
{

exchangers. !

i
7.1.1 Scope of Eauipment t

i

:

FPC will evaluate for seismic adequacy tanks and heat exchangers identified pursuant to Section f
3 of this procedure. |

t

!
t

7.1.2 Evaluation Methodolocy '!
!

:

For identified tanks and heat exchangers, FPC will perform an engineering evaluation which

checks for the seismic adequacy of: (1) tank wall stability to prevent buckling (for large vertical !
t

. ground- or floor-mounted, flat-bottom tanks only) including the effects of hydrodynamic loadings |
r

and tank wall flexibility; (2) anchor bolt and embedment strength; (3) anchorage connection

strength between the anchor bolts and the shell of the tank or heat exchanger; and (4) flexibility

of piping attached to large, flat-bottom, vertical tanks.

i

1

7.1.3 pocumentation !

!
:

. FPC will document the tank and heat exchanger evaluations performed pursuant to this section, f
!

including all calculations, assumptions, and data used to support the evaluations. ;
;

'!
7.2 EVALUATION METHODOLOGY f

!
I'' The screening evaluations described in this section for verifying the seismic adequacy of tanks j

!

and heat exchangers cover those features of tanks and heat exchangers which experience has !,

f
*

i

; 7-2 i
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,

!

!

shown can be vulnerable to seismic loadings. These evaluations include the following features: |
,

I
;

o Check that the shell of large, flat-bottom, vertical tanks will not buckle. Loadings on ;

these types of tanks should include the effects of hydrodynamic loadings and tank wall |
flexibility. ;

o Check that the anchor bolts and their embedments have adequate strength against I

breakage and pullout.

'o Check that the anchorage connection between the anchor bolts and the tank shell (e.g.,
saddles, legs, chairs, etc.) have adequate strength. ;

i,

o Check that the attached piping has adequate flexibility to accommodate the motion of .

large, flat-bottom, vertical tanks. !

>

Two Seismic Capability Engineers (as defined in Section 2) should review these evaluations to. !

verify that they meet the intent of these guidelines. This review should include a field inspection j

of the tank, the anchorage connections, and the anchor bolt installation. !

!

The derivation and technical justification for the guidelines in this section were developed
:

'

specifically for: (1) large, flat-bottom, cylindrical, vertical, storage tanks; and (2) horizontal i

cylindrical tanks and heat exchangers with support saddles made of plates. The types of loadings i

and analysis methods described in this section are considered to be appropriate for these types of

tanks and heat exchangers; however, a generic procedure cannot cover all the possible design
,

variations. Therefore, it is the responsibility of the Seismic Capability Engineer to assess the :

seismic adequacy of other design features not specifically covered in this section. For example. -|

the guidelines in this section do not specifically include a check of the stress in the weld !
u

;

connecting the steel support saddles to the shell of a horizontal tank or heat exchanger since this j
weld is typically very strong compared to other parts of the saddle and its anchorage. However, !

if the seismic review team finds there to be very little we1d attaching these parts, then this weld |
"

should be evaluated for its seismic adequacy.

I
Other types of tanks and heat exchangers (e.g., vertical tanks supported on skirts and structural"

,

legs) which are not specifically covered by the guidelines in this section, should be evaluated by I

the Seismic Capability Engineers using an approach similar to that described in this section.

Reference 26 provides guidelines for evaluating vertical tanks on legs or skirts. Likewise, FPC

!
?

7-3
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!

may use existing analyses or alternative analysis methods which verify the seismic adequacy of. !
its tanks and heat exchangers in lieu of this procedure, provided the Seismic Capability f
Engineers verify that these other analyses address the same type of loading as this procedure . |
(e.g., hydrodynamic loading on the Dexible wall of vertical, flat-bottom tanks, etc.) and the |

t
' - same failure modes (e.g., shell buckling of vertical, Dat-bottom tanks, etc.).- ]

,

The screening guidelines described in this section were developed to simplify the complex. ,

dynamic fluid-structure interaction analyses for large vertical tanks and to further simplify the !
t

equivalent static analysis procedure for smaller horizontal tanks. To accomplish this, it was i

necessary to make certain simplifying assumptions and to limit the range of applicability of the {
guidelines. Most tanks and heat exchangers used in the nuclear power industry fall within the !

;

restrictions and range of values for which the screening guidelines were developed. However, '

for those tanks and heat exchangers which are not covered by, or do not pass the screening f
guidelines, it may be possible to perform tank-specific evaluations, using the approach described ;

in Reference 26, to verify the seismic adequacy of the tank or heat exchanger.
'

'

The screening guidelines described in this section are based on using 4% damped ground or
:

floor response spectra for overturning moment and shear loadings on the tanks. The slosh height j

of the fluid surface for vertical tanks is based on using 1/2% damped ground or Door response. |
t

spectra. If 4% and 1/2% damped response spectra are not directly available, then they may be
'

estimated by scaling from spectra at other damping values using standard techniques.

I
t7.3 VERTICAL TANKS r

:

l
>

This section covers the following topics for vertical tank.s: -f

o Scope of vertical tanks'

o Seismic demand applied to vertical tanks j
o Overturning moment capacity calculation

'

o- Shear load capacity vs. demand
'

o Freeboard clearance vs. slosh height
,

o Attached piping flexibility
,

7-4
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!

7.3.1 Scooe of Vertical Tanks
i

!

The type of vertical tanks covered by the screening guidelines are large, cylindrical tanks whose f
axis of symmetry is vertical and are supported, on their flat bottoms, directly on a concrete pad ;

t

or a floor. A section through a typical large vertical tank is shown in Figure 7-1. (Note: All j
.

figures and tables applicable to vertical tanks are grouped together after Section 7.3.7.) The

range of parameters and assumptions which are applicable when using the guidelines to evaluate f
large vertical tanks are listed in Table 7-1. The nomenclature and symbols used for vertical !

:
tanks are listed in Table 7-2. j

!

!
: The guidelines assume that the tank shell material is carbon steel (ASTM A36 or A283 Grade C) f

or stainless steel (ASTM A240 Type 304) or aluminum. The number of bolts used to anchor

down the tank is assumed to be 8 or more cast-in-place anchor bolts or J-bolts made of regular- f
strength or high-strength carbon steel (ASTM A36 or A307 or better material A325). These

bolts are assumed to be spaced evenly around the circumference of the tank. These assumptions
;

; and the range of parameters given in Table 7-1 have been selected to cover the majority of

vertical storage tanks in nuclear power plants.
4 t

[
: e

i
7.3.2 Seismic Demand Applied to Vertical Tanks

;
t

I

The seismic demand applied to vertical tanks in the screening guidelines is based on using the>

maximum horizontal component of the ground or Door response spectra, The tank should be |

evaluated for the condition where it is filled with Guid to the maximum level to which the tank is !

filled during operation; this is the most severe loading condition for typical tanks at nuclear

power plants. Other types of loads, such as nozzle loads, are not considered in this screening;

: method since they are typically very small compared to the tank inertial loads. |
;

.

The horizontal response of Guid-filled vertical tanks has been found to be reasonably represented i
1

'

by two modes of response. One is a low frequency mode called the sloshing mode, in which the

contained fluid sloshes within the tank. The other is a high frequency mode wherein the

.

structure and fluid move together, called the impulsive mode. Previously, tank walls were

assumed to be rigid in determining the response from these two modes. More recent work has
l'

7-5
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!

!

shown that while the assumption is appropriate for the sloshing mode, it is not appropriate for i

the impulsive mode. For large, thin-walled tanks, the tank may deform under the impulsive ;

mode pressures and vibrate at frequencies in the amplified response range of earthquake motion

(2 to 20 Hz). These screening guidelines account for fluid-structure interaction in the impulsive - |

mode. I
;

i
>

These hydrodynamic loads on the tank are characterized in the screening guidelines in terms of j

the tank overturning moment (M) and the base shear load (Q). By using certain simplifying !

assumptions and limiting the range of applicability, these loads can be determined using the step- !

by-step procedure given below.

i

i

Step 1 - Determine the following input data. Where practical, as-built drawings should be used !

or a walkdown should be performed to gather data on the tank. |
;

Tank Material:
;

R (Nominal radius of tank) [in.],

i

H' (Height of tank shell) [in.]
{
i4

t,m,, (Minimum shell thickness along the height of the tank shell (H'), usually at the j

]
top of the tank) [in.] !

!
i >

; t, (Minimum thickness of the tank shell in the lowest 10% of the shell height H') {
j [in.]

'

o, (Yield strength of tank shell material) [ psi]
,

!
1

; h, (Height of shell compression zone at base of tank - usually
height of chair) [in.]

,

,

E, (Elastic modulus of tank shell material) [ psi] I
.

;

j V, Average shear wave velocity of soil for tanks located at grade) [ft/sec]
4

Fluid: !

y, (Weight density of fluid in tank) [lbf/in']

i
H (Height of fluid at the maximum level to which the tank will be filled) [in.] ;

h, (Height of freeboard above fluid surface at the maximum level to which the tank i

will be filled) [in.]3

'

1

7-6 ]
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|

1
i

|
Bolts:

:!
i

N (Number of anchor bolts) !
!

d (Diameter of anchor bolt) [in.] |
;

h (Effective length of anchor bolt being stretched - usually from the top of the |3

chair to embedded anchor plate) [in.] -;

E, (Elastis. modulus of anchor bolt material) [ psi] |

Loading:
!
;

Groiind or floor response spectrum acceleration at 4% damping for overturmng i

moment and shear loadings on tanks and at 1/2% damping for fluid slosh height. |

|

Step 2 - Calculate the following ratios and values: i
'

,

H/R
t

t/R

. '

it* h
-

(Thickness of the tank shell averaged over j
i

,,,

1,, =
the linear height of the tank shell |H,
(H')) [in.] !

,

.

Where:
!

total number of sections of the tank shell with different thicknesses !n =
:
!

i counter digit=

I

thickness of the i* section of the tank shell [in.] ;t, =

)
!

height of the i* section of the tank shell [in.] !h, =

!

H'= total height of tank shell [in.] !
!

:

f, h, = H ' INote that
.. ,

!

1,, + 1,,,,
id= ,

*
!

$

7-7 i
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!
i

(Effective thickness of tank shell [in.]

~
t

!
to/R !

!'

!

*dA, =
4 :

-.

(Cross-sectional area of embedded anchor bolt) [in ] |
2

;

bt' = 'NAh
2rR E,

(Equivalent shell thickness having the same cross-sectional area a's the

anchor bolts) [in.] ,

!

l
i

c' =

(Coefficient of tank wall thicknesses and lengths under stress) ,i
,

t

i
2W= x R H y, I

(Weight of fluid in tank) [lbf]
|

Confirm that the parameters, values, and ratios determined in these first two steps are within the
ranges given in Table 7-1. If they are, then the procedure given in this section is applicable to
the subject vertical tank: proceed to Step 3. If the tank does not meet this guideline, classify the

- tank as an outlier and proceed to Section 5, Outlier Identificatic.n and. Resolution.
i

Step 3 - Determine the fluid-structure modal frequency for vertical carbon steel tanks containing !
water. !,

t

F, [Hz] . (from Table 7-3) p
;

- by entering Table 7-3 with:
:;

R [in] (from Step 1) f

ta/R (from Step 2) |
i

H/R (from Step 2) |
|

j: 1

i-

t

7-8 1,
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|

!

|

Alternatively, enter Figure 7-2 with ty/R and H/R to obtain F',. Then compute F,:

1

. _ j
I

F' = P '' !
R !

I
,

This frequency is for carbon steel tanks containing water. For other tank material (stainless steel
or aluminum) with modulus of elasticity E (psi) and fluid other than water with weight density

"

;

y, [lbf/in'], the frequency F, (s, f) may be computed from F,, determined above, as follows: !

!
:

; !
!

\ ,

fN
Ffs ,f) - F, h h 30x10

5

6 'Yr
y.

t

[
.

!
;

i'

SJrp_.4 - Determine the spectral acceleration (Sa,) for the fluid-structure modal frequency. Enter
'

the 4% damped horizontal ground or floor response spectrum (the maximum horizontal |
component) for the surface on which the tank is mounted, with the fluid-structure modal ;

frequency:
|:
i

F, [Hz] (from Step 3) ;

!

and determine the maximum spectral acceleration: I

,

i

!
Sa, Ig] (from horizontal 4% damped response spectrum) j

i

i,
over the following frequency (F) range: |

0. 8 F, < F < l .2 F,
'

!

For tanks with concrete pads founded on eround, soil-structure interaction (SSI) effects on j
frequency F,, and thus on Sa,, must be accounted for if V,is less than 3,500 ft/sec. The SSI !;.

effects on frequency may be computed explicitly by appropriate methods as discussed in f
'

Reference 26, or by the following simplified procedure: !

!

(a) If frequency F,is smaller than the frequency at the peak of the applicable ground i

response spectrum, SSI effects may be ignored. |

I
(b) If frequency F,is larger than the peak frequency of the spectrum, then use the peak j

i spectrum value for Sa,. ;
:

!

k
7-9 i
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!

I

Step.5 - Determine the base shear load (Q). Enter Figure 7-3 with: !
!

H/R (from Step 2) |
,

t,,/R (from Step 2) f
!

and determine the base shear load coefficient: !

!

Q' (from Figure 7-3) .;

Compute the shear load at the base of the tank: |
-!

Q = Q' W Sa, [lbf] !
!
!

f
Step 6 - Determine the base overturning moment (M). Enter Figure 7-4 with: j

i
H/R (from Step 2) [

t,,/R (from Step 2) j

.0
and determir the base overturning moment coefficient: ,

:

i
M' (from Figure 7-4) '

i
;

Compute the overturning moment at the base of the tank: !

i

M = M' W H Sar [in-lbf]
'

;

'!

:!
,

!

This completes the determination of the seismic demand applied to a vertical tank. j

i

|

7.3.3 Overturnine Moment Canacity Calculation ,!
!

The seismic capacity of the tank shell and its anchorage to resist the overturning moment (M) |
:

calculated above is determined as explained below. The overturning moment is resisted by
.]

compression in the tank wall and tension in the anchor bolts. The overturning moment capacity i

)
is thus controlled by shell buckling on one side and anchor bolt capacity on the other side. The i

analysis procedure described below calculates the capacity of the shell to withstand buckling,

assuming the anchor bolts stretch inelastically. The assumption of allowing the anchor bolts to

7-10 ;
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i

!,

stretch inelastically is used in these screening guidelines to distribute the overturning momen'

more evenly among several anchor bolts.
~

|
;

I

The . erturning moment capacity calculation is broken down into four parts. First, the anchor !

bolt capacity is determined by the procedure given in Section 4 and Appendix C of the GIP for

cast-in-place bolts or J-bolts and is taken as the bolt yield capacity. Note, however, that the [
t

anchor bolt load using this allowable is subject to verification that there is adequate strength in j

the bolt chair and its connection to the shell to cany the anchor bolt yield capacity. f

f

Therefore, the second part of the overturning moment capacity calculation is to determine the |

anchorag.e connection capacity. If it is determined that the anchorage connection assembly has ;

lower capacity than that determined for the anchor bolt itself, then this lower capacity should be |
:

used. The failure mode governing the connection capacity should also be determined, i.e., is it '|
:

ductile or brittle. For a brittle failure mode, the moment capacity is determined without !
;

allowing inelastic stretching (yielding) of the bolt. |
.

!i

The third part is to calculate the compressive axial buckling stress capacity of the tank shell. ;
'

i

The fourth and final part is to determine the controlling overturning moment capacity using the ?

I
calculated bolt tension capacity and tank shell buckling capacity and compare this to the

:
!

; overturning moment seismic demand determined in Step 6. '

:

!

7.3.3.1 Bolt Tensile Capacity i
'

.

Step 7 - Determine bolt tensile load capacity, P, (Ibf), per guidelines for cast-in-place bolts in |
~; Section 4 and Appendix C of the GIP. This value should reflect any effects of less than - !

minimum embedment, spacing, and edge distance as well as concrete cracking as detailed in j

i Section 4 and Appendix C of the GIP. The bolt capacities from Section 4 and Appendix C of j

! the GIP are based on the weak link being the anchor bolt rather than the concrete such that the !

postulated failure mode is ductile. Compute the allowable bolt stress, F, (psi): |
-

;
-

i
'

l

i !p"
J F3 __ [ psi]= !

An I

!
where: |,

| P, = bolt tensile load capacity [!bf] (from Section 4, j
| Appendix C of the GIP) !
> >

>

|
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i

A, = cross-sectional an of embedded anchor bolt [in ] j2

(from Step 2) ;

I

If the Section 4 and Appendix C of the GlP criteria are not met for the anchorage, then the !
concrete is considered the weak link in the load path and the postulated failure mode is brittle.
Determine an appropriate reduced allowable anchor bolt stress (F,) per applicable code ;

requirements or, alternately, classify the tank as an outlier and proceed to Section 5, Outher .

Identification and Resolution after completing all the evaluations in this section. ;

!

!

7.3.3.2 Anchorace Connection Canacity I

,

.i

.i
In the previous step for determining bolt tensile capacity, it is assumed that the anchorage

{
connection details are adequate for the bolt to develop its yield capacity in tension, and [

subsequently deform in a ductile manner. For this type of ductile behavior to occur, it should be
;

possible to transfer loads at least equal to the anchor bolt allowable capacity to the tank wall )
local to the ancaor bolts, the connection between the tank wall and the anchor bolt chair, and the !

anchor bolt chair itself. i

i
-l

,

The purpose of this check is to determine if the capacity of the load path is greater than the

tensile capacity, P,,, of the anchor bolt. The evaluation guidelines given in this section are taken !

from Reference 26 which primarily uses the design guidelines developed by the American Iron .

and Steel Institute (Reference 27). Figure 7-5 shows a typical detail of a vertical tank anchor f
bolt chair. The chair includes two vertical stiffener plates welded to the tank wall. A top plate,

through which the bolt passes, transfers loads from the bolt to the stiffeners which, in turn, f
transfer the loads into the tank wall. Figure 7-6 depicts two other less commonly-used anchor !

.1'

chair details. The detail shown in Figure 7-6(b) is an example of a poor anchorage connection i
i

] design and is unlikely to satisfy the strength criteria for the connection. The procedure for
'

checking the capacities of the various components of the anchorage connection is given below. -

This procedure applies to the typical chair assembly shown in Figure 7-5. A similar approach |

can be used for other types of anchor bolt chairs, however appropriate equations should be used. ;
.

In particular the tank shell stress equation given below in Step 9 is only applicable for the type |
!

] of chair assembly shown in Figure 7-5.
.

t

If each of the anchorage connection components meets the acceptance criteria defined below,
3

- then the bolt tensile capacity determined in the previous Step 7 is limiting. If, however, any of
|

7-12 :
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the components does not meet these guidelines, the reduced anchor bolt tension capacity j

i
represented by the equivalent value of anchor bolt allowable stress (F,), as calculated here, |

should be used. Note that, if the failure mode of the weak link is nonductile, the procedure for

computing M,,, (in Section 7.3.3.4) is slightly different. Typically, plate or weld shear failure is {
considered nonductile, while tension yielding of the bolt or plastic bending failure is considered i

ductile. For the purposes of these guidelines, nonductile failure modes are classified as " brittle" ;
i

i
IThe procedure given below, Steps 8 th*ough 11, is for carbon steel material (for tanks,

connection elements and bolts), and is based on allowable stresses (adjusted for SSE loading) per !

AISC specifications. Adjustments should be made for other material such as stainless steel and |
!

aluminum for the allowable stress per applicable codes. The symbols used in the equations !
!

given in these steps are defined in Figure 7-5.
,

:

Sten 8 - Top Plate. The top plate transfers the anchor bolt load to the vertical stiffeners and the |
tank wall. The critical stress in the top plate occurs between the bolt hole and the free edge of !

the plate (the area identified by dimension fin Figure 7-5). This bending stren is estimated
'

using the following equation. Note that if the top plate projects radially beyond the vertical
plates, no more than 1/2 inch of this projecting plate can be included in the dimension f used in [

'the following equation. The maximum bending stress in the top plate is:

!

; (0.375g - 0.22d) P" !
o= [ psi) ,

f c' [
t

The top plate is adequate if the following guideline is satisfied: -

:

a < f, \
,

!
If the top plate does not meet this guideline, it is considered to fail in a ductile manner; therefore ;,

a load reduction factor: j
i
'

f
<

2 i.

o ,

i
?
r

should be computed and multiplied by the anchor bolt allowable tensile stress (F.,):
|

|
,

1

7-13 |

1

-|

|

_-



- - . - - - .

!
!

!

~ f, ;

F, = F, - [ psi) ;
#

t

~

This reduced allowable anchor bolt stress should then be used to compute the overturning.
moment capacity in Section 7.3.3.4. !

Sten 9 - Tank Shell Stress. The anchor bolt loads are transferred into the tank shell as a ;

combination of direct vertical load and out-of-plane bending moment (due to the eccentricity |
'

- between the bolt centerline and the tank wall). A check of shell stresses is considered necessary
only for large, flat-bottom, vertical storage tanks because of past experience with such tanks in j
carthquakes. Note that the stress equation given below is only applicable for the type of chair |
assembly shown in Figure 7-5. !

!

:
i

The maximum bending stress in the tank shell is:
;

I

P
- ~

o = _,e 1.32 Z + 0.031 i

t,2 1.43 a h 2
+ (4a h )a333 /Rt*2

R t, ,

,

I
r

Where- i

!

fi l.07,
r 2 ;

(O.177in -')a t, t, ;
1.0 :- +

g/Rt, _ _

{
: '

Note: The terms a, t,,, t , and R in the above equation should all be in units of inches to be
consistert with the proportionality factor of 0.177 which, as used in this equation, has units of - 1

[in -']. i
,

i

The tank shell is adequate if the following guideline is satisfied: I

a < f, ;

;

!

If the tank shell does not meet this guideline, it is considered to fail in a ductile manner;
'

thercfore a load reduction factor:

!

i
n
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I

f,
a

,

should be computed and multiplied by the anchor bolt allowable tensile stress (F,,).

,

t

f
'

F, = F, J. [ psi]
"

i

i

This reduced allowabie anchor bolt stress should then be used to compute the overturning i

moment capacity in Section 7.3.3.4.

Steo 10 - Vertical Stiffener Plates. The vertical stiffener plates are considered adequate for
shear stress, buckling, and compressive stress if the following three guidelines are satisfied: ;

;

k 95- <
* J fy

,

h 1000 :

'

j > 0.04(h - c) and j > 0.5 in.*

!.

P"* < 21,000 psi '

2 kj
,

,

If the vertical stiffener plates do not meet these guidelines, then the anchorage connection will
fail in a nonductile manner before the anchor bolts will yield. For the purposes of these
guidelines, nonductile failure. modes are classified as " brittle". Determine an appropriate
reduced allowable anchor bolt stress (F,) per applicable code requirements, and compute the j

overturning moment capacity in Section 7.3.3.4. Alternately, classify the tank as an outlier and
procced to Section 5, Outlier Identification and Resolution, after completing the remainder of the
evaluations in this section.

Steo 11 - Chair-to-Tank Wall Weld. The load per linear inch of weld between the anchor bolt
chair (i.e., the top plate plus the vertical stiffener plates) and the tank wall is determined from
tile following equation for an invened U-weld pattern of uniform thickness:

7-15
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I 2 2
*

W* = P" \a + 2 h. a h + 0.667 h2

The weld is adequate if the following guideline is satisfied:

30,600 t*
W, s;

b
.

where 30,600 psi in the above equation is the allowable weld strength,

if the chair-to-tank wall weld does not meet this guideline, then the anchorage will fail in a
nonductile manner before the anchor Dolts will yield. For the purposes of these guidelines,
nonductile failure modes are classified as " brittle." Determine an appropriate reduced allowable
anchor bolt stress (F,) per applicable code requirements, and compute the overturning moment
capacity in Section 7.3.3.4. Alternately, classify the tank as an outlier and proceed to Section 5,
Outlier Identification and Resolution, after completing the remainder of the evaluations in this
section.

This completes the evaluation of the anchorage connection capacity for vertical tanks.

7.3.3.3 Tank Shell Buckline Capacity

The compressive axial buckling stress capacity of the tank shell is most likely limited by the

" elephant-foot" buckling mode near the base of the tank wall. Another possible buc'kling mode

for vertical tanks is the " diamond-shape" buckling mode. Both of these buckling modes are

dependent upon the hydrodynamic and hydrostatic pressure acting at the base of the tank which

is determined below:

Step 12 - Determine the fluid pressure for elephant-foot buckling (P,) by entering Figure 7-7
with:

Sa, [g] (from Step 4)

H/R (from Step 2)

7-16

,
_-



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

!
,

;

and determine the pressure coefficient for elephant-foot buckling of the tank: !

'

P,' (from Figure 7-7) .
.

-!

Compute the fluid pressure at the base of the vertical tank for elephant-foot buckling: :

!

P, = P,' %R [ psi] i
:
1

I
Sten 13 - Determine the elephant-foot buckling stress capacity factor ,

!

o [ksi] (from Figure 7-8)y

,

,

by entering Figure 7-8 with: |
|

!

P, [ psi] (from Step 12) !

t/R (from Step 2) f

Convert o into units of psi by multiplying by 1000. !y

!

This value of o is for carbon steel. For other material, use the following formula: !y
;

.!
.

:
. _

- -
_ _

12 I1- S' + o' /36,000 psi
[ psi)

-

0.6E= PR o
g" 1- 1.12 + S. s' +.j i

c. i
(R /t,) o, t,

.

- -

.

where: .

S'
' =

400t, i
;

= yield strength of tank shell material [ psi]ay
"

(from Step 1) ;

;;

. .:
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!

'i
E, = elasticity modulus of tank shell material [ psi) _{

(from Step 1) !

l
t, = - minimum thickness of tank shell in the lowest 10% of the shell height (H') |

[in.] (from Step 1) ;

!

R nominal radius of tank [in.] (from Step 1)=
,

I

P, = fluid pressure at the base of tank for elephant-foot buckling of tank shell |
[ psi] (from Step 12) !

!

!.
Step 14 - Determine the fluid pressure for diamond-shape buckling ('Pa) by entering Figure 7-9 {
with:

,

;
t

Sa, [g] (from Step 4) .;
:

'IH/R (from Step 2)
!
,

1

and determine the pressure coefficient for diamond-shape buckling of the tank: [
!

P,' (from Figure 7-9) {

i
4 1

Compute the fluid pressure at the base of the vertical tank for diamond-shape buckling: |
[

P, = P,' Tr R [ psi]

Step 15 - Determine the diamond-shape buckling stress capacity factor: |

o [ksi] (from Figure 7-10) |g
:

by entering Figure 7-10 with: |
!

P, [ psi] (from Step 14) {
t

t/R (from Step 2) |
k

!

Convert og into units of psi by multiplying by 1000. i,

This value of o is for carbon steel. For other material use the following formula: fg

.i
i

E'
'

o = (0.67 + ay) R /t, !g
;
;

I
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)

where:

!
1 - 0.73(1-e+) 'y =

:

!
'

_
'

1 R .i4 . . -

16) t, !
!

elastic modulus of tank shell material [ psi] (from Step 1) !E, =

nominal radius of tank [in.] (from Step 1)R =

minimum thickness of tank shell in the lowest 10% of the shell height (H')t, =

[in.] (from Step 1)

!
A7 = increase factor for internal pressure (from Figure 7-11) ;

!

Step 16 - Select the allowable buckling stress, o,, as 72% of the lower value of o or o :y g ,

h

d

o, = 0.72 [ min.(o , og)] [ psi) !y

;

h

i

7.3.3.4 Overturnine Moment Canacity I

i
!

Sten 17 - The overturning moment capacity of the tank, M,,g. is dependent upon whether the f
postulated weak link failure mode is ductile or brittle.
.A ductile failure mode is defined as one in which the weak link is one of the following:

o Anchor bolt stretching (Step 7)

o Chair top plate bending (Step 8)

o Tank shell bending (Step 9)

A hrittle mode of failure is defined as one in which the weak link 'is one of the following: f

. O Concrete cone failure (Step 7)

!
Chair stiffener plate shear or buckling failure (Step 10) ;o

.

D
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o' Chair-to-tank wall weld shear failure (Step 11) '

(a) Determine the base overturning moment coefficient for ductile failure: -

i
}

M ',,, [dimensionless) (from Figure 7-12)
,

by entering Figure 7-12 with: I

!
c' [dimensionless) (from Step 2) j

;

a, [ psi] (from Step 16) .
,

!

F, = smaller of F (from Step 7) |,

or F,(from Steps 8 or 9) [ psi] a

i
h, [in) (from Step 1) |

h, [in] (from Step 1) i
!

If the postulated weak link failure mode is ductile. go to Step (c) below. If the
postulated weak link failure mode is bnttle, continue on to Step (b) below.

,

!

(b) If the postulated weak link failure mode is brittle, then enter Table 7-4 with: |
!

c' [dimensionless] (from Step 2) |
|

and determine the base overturning moment coefficient for the elastic limit: ,

!

)M ',,, [dimensionless] (from Table 7-4) |
;

,

Compare the M',,, value determined above with the M',, value determined in Step !

(a) above and select the lower of the two values for use in Step (c) below.
.

(c) Compute M,,p: |
I

M,,, = (M',,p) (2F,) (R7 ) (h,/h ) .jt,
i

!

using:
|

M 't., [dimensionless] (from Step 17(a) for ductile failure mode or |

17(b) for brittle failure mode)
|
|

F, = smaller of F, or F, (from Steps 7, 8, 9,10, or 11) [ psi) ;

R [in.] (from Step 1) ;

!
'
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,

t, [in.] (from Step i)

h [in.] (from Step 1;3

h, [in.] (from Step 1)

Step 18 - Compare the overturning moment capacity of the tank (M,,p, from Step 17) with the f
ovenurning moment (M, from Step 6). If i

'

M,,,, _> M_

then the tank is adequate for this loading; proceed to Step 19. If the tank does not meet this i

guideline, classify the tank as an outlier and proceed to Section 5, Outlier Identification and ,

Resolution, after completing the remainder of the evaluations m this section. I

7.3.4 Shear Load Capacity vs. Demand
|
!

!
'The seismic capacity of the tank to resist the shear load (Q) is determined below. The shear

load is assumed to be resisted by sliding friction between the tank base plate and the supporting i

foundation material. The base shear load capacity is therefore a .' unction of the friction
{

coefficient and the pressure on the base plate. A friction coefficient of 0.55 is used in the .

,

screening guidelines. The pressure on the base plate is n a up of hydrostatic pressure from the

weight of the contained fluid less the hydrodynamic pressure from the vertical component of the ' f

earthquake. The hydrodynamic pressure from the horizontal component (from overturning j

moment) of the carthquake is ignored since its net or average pressure distribution over the

entire base plate is zero. The weight of the tank shell is conservatively neglected. ;

Step 19 - Compute the base shear load capacity of the tank:

Q<,,, = 0.55 (1 - 0.21 Sa,) W

using:

Sa, [g] (from Step 4)

W [lbf] (from Step 2)
.

|

Sten 20 - Compare the base shear load capacity of the tank (Q,,,, from Step 19) with the shear
load (Q, from Step 5). If

|
7-21 1
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fQ ,.2. Q

then the tank is adequate for this loading; proceed to Step 21. If the tank does not meet this
guideline, classify the tank as an outlier and proceed to Section 5, Outlier Identification and

|,

Resolution, after completing the remainder of the evaluations in this section. :
!

This procedure assumes that no shear load is carried by the' anchor bolts. Note that this -|
assumption is theoretically valid only if there is a slight gap between the hole in the tank base !

and the anchor bolt; this is usually the case. i

:

!
!

7.3.5 Freeboard Clearance vs. Slosh Heicht .

i

.i
;

The screening guidelines described above are based on the assumption that there is enough
.

freeboard clearance available between the liquid surface and the tank roof such that the tank roof

is not subjected to signi6 cant forces from sloshing liquid. The procedure given below simply !

compares the freeboard clearance to the slosh height; this is consideed to be conservative since !

it allows no contact of the fluid with the tank roof. ~I

!

Sten 21 - The slosh height is given by the followmg equation: !
'

;

0.837 R Sa, -!h, =

|

where:

R nominal radius of tank [in.] (from Step 1)=

.

Sa, spectral acceleration (1/2% damping) of the=

ground or floor on which the tank is mounted
-|

at the frequency of the sloshing mode (F,, determined below).

In calculating the slosh height from this equation, the Sa, value must be obtained from the input
,

demand spectrum at the sloshing mode frequency, F,, and damping value of 1/2%. Care should-

be exercised in assuring that the spectrum values are accurately denned in the sloshing mode !
frequency range, typically for 0.5 Hz to 0.2 Hz. The sloshing mode frequency can be i

calculated from the following equation:
<

1 1.84G f 1.84H ' [Hz]p* g,

2: T R R
..s ,

!
where:

G acceleration of gravity ;=

i
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)
1

2 !386.4 [in/sec ) .=

R [in.] (from Step 1). .|
|

H [in.] (from Step 1)'
i

1

)
;

Alternately, determine the slosh height by entering Table 7-5 with: i

!
H/R (from Step 2) |

|
R [in.] (from Step 1) i

and determine the slosh height of the fluid in the tank for a ZPA of Ig at the base of the tank:

h ', [in.] (from Table 7-5) .':
!

In calculating the slosh height given in Table 7-5, it has been assumed that for an input spectrum ;

normalized to a ZPA of I g, the Sa,(1/2% damping) values vary linearly from 0.75 g at 0.5 Hz :

to 0.4 g at 0.2 Hz. ;
r

Compute the slosh height of the fluid in the tank for the ZPA of the ground or Door on which |
the tank is mounted: j

h, = h', ZPA |
i

'!
using:

h', [in.] (from above) j
i

ZPA [g] (from horizontal response spectrum) {

1

Step 22 - Determine the available freeboard above the fluid surface at the maximum level to j
which the tank will be filled (h,, in.). i

For conical tank roofs, measure the freeboard from the fluid surface to the intersection of the

wall and the roof (a distance R from the tank centerline).

'

For tanks with a domed roof, measure the freeboard from the fluid surface to the point where
the roof surface is at a distance of 0.9R from the tank centerline. ,

'!
'

Compare the available freeboard (h,) to the slosh height of the fluid (h,, from Step 21). If

hd h,

!
:
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I
then the tank is adequate for this condition; proceed to Step 23. If the tank does not meet this -i
guideline, classify the tank as an outlier and proceed to Section 5, Outlier Identification and :

Resolution, after completing the remainder of the evaluations in this section. |

!
,

!

7.3.6 Attached Pining Flexibility '

;

For evaluation of large, flat-bottom, cylindrical, vertical tanks, the loads imposed on the tank _.

due to the inertial response of attached piping can be neglected. It is considered that these !
,

piping loads have very little effect on the loads applied to the anchorage of large, flat-bottom I

tanks compared to the large hydrodynamic inertial loads from the tank and its contents. |

However, the relative motion between the tank and the piping presents a potential failure mode j

for the attached piping which could result in rapid loss of the tank's contents. This has occurred
.

|
under certain circumstances in past earthquakes. Therefore this concern is addressed by |

i
requiring adequate flexibility in the piping system to accommodate tank motion as described -

below: I
!
6

;

Sten 23 - Flexibility of Attached Pining. The Seismic Review Team should be aware that the f
analytical evaluation method for vertical tanks allows for a limited amount of base anchorage

,
inelastic behavior. This, in turn, means that there may be a very slight uplift of the tank. during !

seismic motion. When performing in-plant evaluations of tank anchorage, the Seismic Review
{

'

Team should assess attached piping near the base of the tank to ensure that the piping has >

adequate flexibility to accommodate any anticipated tank motion. Near the top of the tank, therc !
'

will be considerably more motion and any attached piping should have substantial flexibility.

.

7.3.7 Tank Foundation .|
The screening guidelines contained herein are for use with all types of tank foundations typically j

; found in tne nuclear industry except ring-type foundations. Ring foundations should be

identi6cd as outliers and evaluated separately. j

An acceptable outlier evaluation method for ring-type foundations is to check the tank |
overturning resistance and the adequacy of the rebar in the foundation. The overturning

resistance may be checked by using the energy method to compute how much the tank and !

attached ring foundation lift up and whether there is adequate flexibility in the tank floor, shell,

and associated welds, as well as any attached piping. ;
;

This completes the seismic evaluation for vertical tanks. |

i
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Table 7-1

APPLICABLE RANGE OF PARAMETERS AND
i

ASSUMPTIONS FOR VERTICAL TANKS
,

i

Tank Material' Carbon or Stainless
steel, Aluminum

Tank Fluid Content Water or similar '

.

Nominal Radius of Tank R 5 to 35 ft.=

(60 to 420 in.)
,

Height of Tank Shell H' 10 to 80 ft.=

(120 to 960 in.) |

10 to 80 ft. [Height of Fluid at the Maximum H =

Level to Which the Tank Will be Filled (120 to 960 in.) |
|

Minimum Thickness of the Tank Shell t, 3/16 to 1 in.=

in the 1.nwest 10% of the Shell Height (H')

Effective Thickness of Tank Shell Based t,, 3/16 to 1 in.=

on the Mean of the Average Thickness (t. )
and the Minimum Thickness (t, )

1/2 to 2 in. !Diameter of Anchor Bolt 2 d =

Number of Anchor Bolts' N 8 or more=

Tank Wall Thickness (at Base)-to-Tank t,/R 0.001 to 0.01=

Radius Ratio

Effective Tank Wall Thickness-to-Tank t,r/R 0.001 to 0.01=

Radius Ratio

Fluid Height-to-Tank Radius Ratio H/R
'

1.0 to 5.0=

,

Assumptions:
t

1 The tank material is assumed to be carbon steel (ASTM A36 or A283 Grade C), ,

stainless steel (ASTM A240 Type 304), aluminum, or better material.

2 Anchor bolts are assumed to be cast-in-place or J-bolts and made of regular-strength or !

high-strength carbon steel (ASTM A36 or A307 or better material A325).
:

3 Anchor bolts are assumed to be evenly spaced around the circumference of the tank. I
i

1

I
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Table 7-2
:

NOMENCLATURE USED FOR VERTICAL TANKS - !
l

Symbol Descriotion fUnits1 ,

i

A, - Cross-sectional area of embedded anchor bolt [in.2) j
a - Width of chair top plate parallel to shell

(see Figure 7-5) [in.] !

i

b - Depth of chair top plate perpendicul to shell
'

(see Figure 7-5) [in.] *

i

Thickness of chair top plate (see Figure 7-5) [in.]c -

',

c' - Coefficient of tank wall thicknesses and lengths under
,

stress [dimensionless] *

!
'

d - Diameter of anchor bolt [in.]

E, - Elastic modulus of tank shell material [ psi) i
:

E, - Elastic modulus of anchor bolt material [ psi)
9

: e - Eccentricity of anchor bolt with respect to shell outside surface'(see Figure 7-5) i

[in.] |

F - Frequency [Hz] |
1

F, - Allowable tensile stress of bolt [ psi)

Fr - Frequency of fluid-structure interaction mode [Hz) ;

F, - Reduced allowable tensile stress of bolt [ psi]
,

i

F, - Sloshing made frequency [Hz] |
.

f - Distance from outside edge of chair top plate to edge of hole 3
(see Figure 7-5) [in.] j

!
f, Minimum specified yield strength of shell, chair, saddle. or base plate material |

-

[ psi) '

1
'

2G - Acceleration of gravity [386.4 in/sec ]

g - Distance between vertical plates of chair
(see Figure 7-5) [in.]
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Table 7-2 (Continued)
,

NOMENCLATURE USED FOR VERTICAL TANKS
:

;

Symbol Description IUnits1

H - Height of fluid at the maximum level to which the tank will be filled (see Figure'
7-1) [in.] '.

t

H' - Height of tank shell (see Figure 7-1) [in.]

h - Height of chair (see Figure 7-5) [in.]
,

!
h - Effective length of anchor bolt being stretched (usually from top of chair to i3

embedded anchor plate) (see Figure 7-1) [in.] ;

h, - Height of shell compression zone at base of tank (usually height of chair) (see .

Figure 7-1) [in.]

hr - Height of freeboard above fluid surface at the maximum level to which the tank -

will be filled (see Figure 7-1) [in.]

h, - Slosh height of fluid in tank [in.]

h,' - Slosh height of fluid for a ZPA of Ig applied at tank base [in.]
P

j - Thickness of chair vertical plate (see Figure 7-5) [in.]

'

k - Width of chair vertical plate (see Figure 7-5). Use average width for tapered
plates [in.].

M - Overturning moment at base of tank [in-lbf]

M' - Base overturning moment coefficient [dimensionless]

M ,p - Overturning moment capacity of tank [in-lbf] !

M ' ,, - Base ovenurning moment capacity coefficient [dimensionless]

N - Number of anchor bolts [dimensionless]
i

P, - Fluid pressure at base of tank for elephant-foot buckling of tank shell [ psi) |

|
|P,' - Pressure coefficient for elephant-foot buckling [dimensionless]
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Tabic 7-2 (Continued) ;

.i
NOMENCLATURE USED FOR VERTICAL TANKS j

!

Symbol Description IUnits1

P, - Fluid pressure at base of tank for diamond-shape buckling of tank shell [ psi] |
!

P,' - Pressure coefficient for diamond-shape buckling [dimensionless] |

!

P, - Allowable tensile load of anchor bolt [lbf] -

i

Q - Shear load at base of tank [lbf] !
I

Q' - Base shear load coefficient [dimensionless) -[

Q,
,

Base shear load capacity of tank [lbf] h

!
R - Nominal radius of tank [in.] (see Figure 7-1) !

t

r - least radius of gyration of vertical stiffener plate cross-sectional area about a !

centroidal axis [in.] |
t
t

R '

S - Coefficient of tank radius to shell thicknessi
[dimensionless] 400 t,

.

Sa Spectral acceleration of ground or floor [g] :
-

I
Sa - Spectral acceleration (4% damping) of the ground or floor on which the tank is ir

mounted at the frequency of the fluid-structure interaction mode (F,) [g] !

|
Sa, - Spectral acceleration (1/2% damping) of the ground or floor on which the tank is !

mounted at the frequency of the sloshing mode (F,) [g] i

!
t, - Thickness of the tank shell averaged over the linear height of the tank shell (H')

'

[in.] :

:
t, - Thickness of bottom or base plate of tank (see Figure 7-5) [in.] |

!
ta - Effective thickness of tank shell based on the mean of the average thickness (t,.) !

and the minimum thickness (t..) [in.] [
t

t. - Minimum shell thickness anywhere along the height of the tank shell (H'), !4

usually at the top of the tank [in.]

!

!
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|
. Table 7-2 (Continued)

NOMENCLATURE USED FOR VERTICAL TANKS
-i

Symbol Description IUnitsi j
j

i

t, - Minimum thickness of the tank shell in the lowest 10% of the shell height (H')
.

[in.] j

( - Thickness ofleg of weld [in.]
;

t' Equivalent shell thickness having the same cross-sectional area as the anchor--

,

bolts [in.] i

V, - Average shear wave velocity of soil for tanks founded at grade [ft/sec]

W - Weight of fluid contained in tank [lbf] |

|
W, - Weight of tank without fluid [lbf]

|

W, - Average shear load on weld connecting anchor bolt chair to tank shell per unit [
length of weld (i.e., total shear load on chair divided by totcl length of i

chair /shell weld) [lbf/in. of weld]
'

Z - Tank shell stress reduction factor [dimensionless)
I

ZPA - Zero period acceleration [g] ,'
8 - Percentage damping [%]

i

y - Bucklitig coefficient [1 - 0.73 (1 - e+)] [dimensionless] _ ;

w - Weight density of ihtid in tank [lbf/in'] {
i

Ay - Increase factor for internal pressure; given in Figure 7-10
,

;

o - Stress at a point [ psi) :

o, - Stress at which shell buckles [ psi] |
>

f

o - Stress at which shell buckles in elephant-foot pattern [ psi]y

o - Stress at which shell buckles in diamond-shape pattern [ psi]g ,

o - Yield strength of tank shell material [ psi) '
y

4 - Buckling coefficient [(1/16)(R/t,)'*] [dimensionless] f

!
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Table 7-3 !
!
|

FLUID-STRUCTURE IMPULSIVE MODE FREQUENCIES (F,, Hz) .:
FOR VERTICAL CARBON STEEL TANKS CONTAINING WATER |

|

(Source: Reference 26, Table 2.2) |

TANK RADIUS (R. in.)
,

I
lid la$ 60 120 180 241 300 360 J21 |

t
i

1.0 0.001 46.7 23.3 15.6 11.7 9.3 7.8 6.7 1
1.0 0.002 65.2 32.6 21.7 16.3 13.0 10.9 9.3 |
1.0 0.003 79.3 39.7 26.4 19.8 15.9 13.2 :11.3
1.0 0.004 91.2 45.6 30.4 22.8 18.2 15.2 13.0 ;
1.0 0.005 101.6 50.8 33.9 25.4 20.3 -16.9 14.5 '

l.0 0.007 119.5 59.7 39.8 29.9 23.9 19.9 17.1 |
1.0 0.010 142.0 71.0 47.3 35.5 28.4 23.7 20.3 !

i

1.5 0.001 32.2 16.1 10.7 8.0 6.4 5.4 4.6 >

1.5 0.002 45.1 22.6 15.0 11.3 9.0 7.5 6.4 i

1.5 0.003 55.0 27.5 18.3 13.7 11.0 9.2 7.9 ;

1.5 0.004 63.3 31.6 28 1 15.8 12.7 10.5 9.0 !
1.5 0.005 70.6 35.3 23.5 17.6 14.1 11.8 10.1 i

1.5 0.007 83.2 41.6 27.7 20.8 16.6 13.9 11.9 !

1.5 0.010 99.0 49.5 33.0 24.7 19.8 16.5 14.1 !
.

|
2.0 0.001 23.6 11.8 7.9 5.9 4.7 3.9 3.4 |
2.0 0.002 33.0 16.5 11.0 8.2 6.6 5.5 4.7 i

2.0 0.003 40.1 20.1 13.4 10.0 8.0 6.7 5.7 :
'

,

2.0 0.004 46.1 23.1 15.4 11.5 9.2 7.7 6.6 !

2.0 0.005 51.4 25.7 17.1 12.8 10.3 8.6 7.3 i

2.0 0.007 60.5 30.2 20.2 15.1 12.1 10.1 8.6 I
2.0 0.010 71.8 35.9 23.9 18.0 14.4 12.0 10.3 |

|

2.5 0.001 17.8 8.9 5.9 4.5 3.6 3.0 2.5 i

2.5 0.002 25.0 12.5 8.3 6.2 5.0 4.2 3.6 !
2.5 0.003 30.4 15.2 10.1 7.6 6.1 5.1 4.3 |
2.5 0.004 35.0 17.5 11.7 8.7 7.0 5.8 5.0 |
2.5 0.005 39.0 19.5 13.0 9.7 7.8 6.5 5.6
2.5 0.007 45.9 23.0 15.3 11.5 9.2 7.7 6.6 ;

'

2.5 0.010 54.6 27.3 18.2 13.7 10.9 9.1 7.8 :

1

3.0 0.001 13.9 7.0 4.6 3.5 2.8 2.3 2.0 {
3.0 0.002 19.5 9.7 6.5 5.9 3.9 3.2 2.8
3.0 0.003 23.7 11.8 7.9 4.9 4.7 3.9 3.4 |
3.0 0.004 27.2 13.6 9.1 6.8 5.4 4.5 3.9 |;

!

t

i
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Table 7-3 (Continued)

FLUID-STRUCTURE IMPULSIVE MODE FREQUENCIES (F,, Hz)
FOR VERTICAL CARBON STEEL TANKS CONTAINING WATER

(Source: Reference 26, Table 2.2) f
|TANK RADIUS (R. in.)
ia

i

H/R L/R 60 120 180 240 300 360 420 '

3.0 0.005 30.3 15.1 10.1 7.6 6.1 5.0 4.3
3.0 0.007 35.6 17.8 11.9 8.9 7.1 5.9 5.1 |
3.0 0.010 42.2 21.1 14.1 10.6 8.4 7.0 6.0 l

3.5 0.001 11.2 5.6 3.7 2.8 2.2 1.9 1.6 I

3.5 0.002 15.5 7.8 5.2 3.9 3.1 2.6 2.2 !
3.5 0.003 18.8 9.4 6.3 4.7 3.8 3.1 2.7 !

3.5 0.004 21.6 10.8 7.2 5.4 4.3 3.6 3.1
3.5 0.005 24.0 12.0 8.0 6.0 4.8 4.0 3.4 i
3.5 0.007 28.2 14.1 9.4 7.0 5.6 4.7 4.0 i
3.5 0.010 33.4 16.7 11.1 8.3 6.7 5.6 4.8 ,

4.0 0.001 9.1 4.6 3.0 2.3 1.8 1.5 1.3 !
4.0 0.002 12.6 6.3 4.2 3.2 2.5 2.1 1.8 !
4.0 0.003 15.2 7.6 5.1 3.8 3.0 2.5 2.2 ;

4.0 0.004 17.4 8.7 5.8 4.4 3.5 2.9 2.5 i

4.0 0.005 19.3 9.7 6.4 4.8 3.9 3.2 2.8 ;

4.0 0.007 22.6 11.3 7.5 5.7 4.5 3.8 3.2 |
4.0 0.010 26.7 13.4 8.9 6.7 5.3 4.5 3.8 .!

:
!

4.5 0.001 7.5 3.8 2.5 1.9 1.5 1.3 1.1 .|
4.5 0.002 10.3 5.2 3.4 2.6 2.1 1.7 1.5
4.5 0.003 12.4 6.2 4.1 3.I 2.5 2.I 1.8
4.5 0.004 14.2 7.1 4.7 3.5 2.8 2.4 2.0 ,

4.5 0.005 15.7 7.9 5.2 3.9 3.1 2.6 2.2 i

4.5 0.007 18.3 9.2 6.1 4.6 3.7 3.I 2.6
4.5 0.010 21.6 10.8 7.2 5.4 4.3 3.6 3.1

5.0 0.001 6.2 3.1 2.1 1.6 1.2 1.0 0.9 I

5.0 0.002 8.5 4.2 2.8 2.1 1.7 1.4 1.2 ;
5.0 0.003 10.2 5.1 3.4 2.5 2.0 1.7 1.5
5.0 0.004 11.6 5.8 3.9 2.9 2.3 1.9 1.7 |

5.0 0.005 12.8 6.4 4.3 3.2 2.6 2.I 1.8 |
5.0 0.007 14.9 7.4 5.0 3.7 3.0 2.5 2.1 !

5.0 0.010 17.5 8.7 5.8 4.4 3.5 2.9 2.5

|
|
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I
Table 7-4

'

BASE OVERTURNING MOMENT CAPACITY ELASTIC LIMIT VALUES !
!

'

(Source: Reference 26, Table 2.5)
:

!
!

;

a h !
c c L

c' F, h, gp j
t

?

0.01 0.052 0.0231

0.02 0.081 0.0454

l0.05 0.147 0.1092

0.10 0.230 0.2087
r

0.15 0.300 0.3045 |
t

0.20 0.358 0.3932 |
0.40 0.560 0.7271 'f

!
!

.j

.

i

!
:
!

f

i
|

!

!
.

'

6

#

,

e

.

'
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!
Table 7-5 !

!

SLOSH HEIGHT OF WATER (h',, in.) IN I
'

VERTICAL TANKS FOR 1G LATERAL ACCELERATION

(Source: Adapted From Reference 26, Table 2.7)- !

i

TANK RADIUS (R. in.) |

H/R 60 120 180 240 300 360 420

1.0 39.0 60.2 78.7 95.5 111.5 126.7 141.4

1.5 39.6 61.2 79.8 96.8 112.9 128.3 143.2 !

2.0 39.7 61.3 79.9 97.1 113.2 128.5 143.4

2.5 39.7 61.3 80.0 97.1 113.2 128.6 143.4 ,

1

3.0 39.7 61.3 80.0 97.1 113.2 128.6 143.4 [
t

3.5 39.7 61.3 80.0 97.1 113.2 128.6 143.4 |
1.

4.0 39.7 61.3 80.0 97.1 113.2 128.6 143.4 |
f

4.5 39.7 61.3 80.0 97.1 113.2 128.6 143.4 |

5.0 39.7 61.3 80.0 97.1 113.2 128.6 143.4

!

1

i,

!
|

!

|

'

|
;

1
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'7A HORIZONTAL TANKS
t

This section describes (1) the scope of horizontal tanks and heat exchangers and range of

parameters which are covered by the screening guidelines and (2) the analysis procedure for

determining the seismic demand on, and the seismic capacity of horizontal tanks and heat I

exchangers including their supports and anchorages. !

:

7.4.1 Scope of Horizontal Tanks
.

The types of tanks covered by' the screening guidelines in this section are cylindrical steel tanks )
-and heat exchangers whose axes of symmetry are horizontal and are supported on their curved -

bottom by steel saddle plates. These types of tanks will be called " horizontal tanks" throughout-

this section. A typical horizontal tank on saddles is shown in Figure 7-13. (Note: All the

figures and tables applicable to horizontal tanks are grouped together after Step 11 at the end of i

Section 7.4.) The range of parameters and assumptions which a' e applicable when using the -r

guidelines to evaluate horizontal tanks are listed in Table 7-6. The nomenclature and symbols |
used for horizontal tanks are listed in Table 7-7.

1

The screening guidelines are based on the assumption that the horizontal tanks are anchored to a !

stiff foundation which has adequate strength to resist the seismic loads applied to the tank. All
:

the base plates under the saddles are assumed to have slotted anchor bolt holes in the

longitudinal direction to permit thermal growth of the tank, except for the saddle at one end of

the tank which is fixed. The saddles are assumed to be uniformly spaced a distance S apart,

with the two ends of the tank overhanging the end saddles a maximum distance of S/2. These
!

assumptions and the range of parameters given in Table 7-6 have been selected to cover the j
;

majority of horizontal tanks and heat exchangers in nuclear power plants.
,

7.4.2 Seismic Demand /Caoacity of Horizontal Tanks

A simple, equivalent static method is used to determine the seismic demand on and ' capacity of I

1

the anchorages and the supports for horizontal tanks.' This approach is similar to the seismic )
demand / capacity evaluations described in Section 4.4 and Appendix C of the GIP for other types

i

!

!

7-45

,

, _ , - y . --



__

!

of equipment requiring anchorage veri 6 cation (switchgear, transformers, pumps, battery

chargers, etc.). Note that it is not necessary to evaluate the seismic adequacy of the shell of
i

horizontal tanks or the shell-to-support welds since these items are normally rugged enough to

withstand the loads which can be transmitted to them from the anchor bolts and support saddles. !

!

The screening guidelines contained in this section specifically address only the seismic loads due

to the inertial response of horizontal tanks. If, during the Screening Verification and Walkdown !

of a tank, the Seismic Capability Engineers determine that the imposed nozzle loads due to the

seismic response of attached piping may be significant, then these loads should be included in

the seismic demand applied to the anchorage and supports of the tank. I

The guidelines in this section are in the form of tables, charts, and a few simple calculations to j

determine the seismic capacity of horizontal tanks in terms of the peak acceleration the tanks can '

withstand. This peak acceleration capacity is assumed to be composed of a uniform acceleration

capacity, A, in the two horizontal directiois, and 2/3 A in the vertical direction. The screening

guidelines include the effect of combining the ihree directions of acceleration by the square-root- )
i

of-the-sum-of-squares (SRSS) method. The seismic acceleration capacity, A, is then compared ;

I
with either the ZPA or.the peak of the 4% damped, horizontal floor response spectrum, -

i

depending on whether: (1) the horizontal tank is rigid in the vertical or traverse direction (i.e.,;
;

whether the tank shell acts as a rigid or flexible beam between the saddles); or (2) the horizontal f
(

tank and its support system is rigid in the longitudinal direction. !
i

I

I
'

The seismic adequacy of the followmg entical parts of horizontal tanks are evaluated in these !
i

screening guidelines *
|

.

o Anchor bolts and their concrete embedment
{

o Base plate bending

o Base plate-to-saddle weld :

!

o Saddle bending and compression

,
,

'
i

Sten-By-Steo Procedure for Horizontal Tanks i

.

.

!
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5

Step 1 - Determine the following input data. See Figure 7-13 for location ,

of some of these dimensions.
|

Tank: D (Diameter of tank) [ft.] !

L (Length of tank) [ft.] *

t (Thickness of tank shell) [in.] |
W,, (Weight of tank plus fluid) [lbf]

y, or 73 (Weight density of horizontal tank or heat exchanger ;

including fluid) [lbf/ft'] ;

H (Height of center-of-gravity of tank and fluid above they

floor where the tank is anchored) [ft.]- ;
i

Saddles: S (Spacing between support saddles) [ft.]

h (Height of saddle plate from the bottom of the
tank to the base plate) [in.]

!

G (Shear modulus of saddle plate and stiffener material) ;
[ psi] !

E (Elastic modulus of saddle plate and stiffener material)
[ psi]

,

NS (Number of saddles) [
t

Base Plate: t,, (Thickness of base plate under saddle) [in.]

f, (Minimum specified yield strength of saddle base plate) [ psi) '
_

!

t, (Thickness ofleg of weld between saddle and base plate) [in.] :

ie, (Eccentricity from the anchor bolt centerline to the vertical saddle plate)
[in.]

Bolts: NL (Number of bolt locations on each saddle)
!

NB (Number of anchor bolts at each bolt location) |

d (Diameter of anchor bolt) [in.]

D' (Distance between extreme anchor bolts in base plate of saddle) [ft.]

Loading: Floor response spectrum at 4% damping ;

7-47



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

_

i
!

:

Confirm that the parameters and values determined in this step are within the range of applicable |
parameters given in Table 7-6. If they are, then the procedure given in this section is applicable :

to the subject horizontal tank; proceed to Step 2. If the horizontal tank does not meet this ;
. guideline, classify the tank as an outlier and proceed to Section 5, Outlier Identification and e

Resolution. '

''Step 2 - Determine the anchor bolt tension and shear load allowables from Appendix C,
accounting for the effects of embedment, spacing, edge distance, and cracking in concrete, as ;

discussed in Section 4.4 and Appendix C of the GIP. ;

P,' [lbf] (from Section 4.4 and Appendix C of the GIP) '

V,' [lbf] (from Section 4.4 and Appendix C of the GIP). >

i
t

Step 3 - Determine the base plate bending strength reduction factor (RB). The width of the base !
plate that is stressed in bending is conservatively assumed to be equal to twice the distance i

between the centerline of the bolt and the vertical saddle plate; i.e.,2e,. The strength reduction j
factor is determined by taking the ratio of the base plate yield strength (f,) over the maximum j
bending stress (o): !

!
,

RB = 1 = f't,',f [
;

3P,' 'o
i
,

,

b

Step 4 - Determine the base plate weld strength reduction factor (RW). The length of weld !

assumed to carry the anchor bolt load is taken to be equal to twice the distance from the bolt
centerline to the vertical saddle plate; i.e.,2 e,. The strength reduction factor is the ratio' of the ;

weld allowable strength (30,600 psi) over the weld stress (o):
|

:
5

!

RW = 30,600 psi , 25 t, e, (30,600 nsi} . [
P,' ?o

i

Step _5 - Determine the anchorage tension allowable using the strength reduction factors. The I
tension allowable anchorage load is based on the smaller of the strength reduction factors for ;

base plate bending or base plate weld: '

i

!
Pg = P,' x (Smaller of: RB or RW) [lbf] !

!

The shear allowable anchorage load is:
-!

o

I
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,

;

!

V, = V,' [lbf] ;

!

'
Step 6 - Calculate the following ratios and values:

cr = PjV, {
)4-

i,'

j= ' ifW,
NS NL NB i

'i
;

V/W,

H,,/D'
.

H,,/S
i

F, = g/(WS)2~ 73-
,

I
!
?

|

f H '2 ro2 'H ''f
(NS)2

' '
t

2 cF, = NL . 3 cg ;.

h ( D ', 3; S , ((NS -1)2 j^

1 t ,

i

,!

i
'

i

i

Step 7 - Determine the acceleration capacity of the tank anchorage. The acceleration capacity :,

(A) of the tank anchorage is defined as the smaller of the two anchorage acceleration capacities .j,

A, or A : |
i !
-

,

3
i
!

W, F,
_fV. 1' [g]A, =

'

!

!
.j

!
;

!
|
2

h
.|

;- -i
'

|
i

|
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i
A

_ + o,7 |V,
W a i

.

6A, = [g] :
b F, + F !

ia

:
.

(Smaller of A, or A,) [g] l.A =

!

Step 8 - Determine whether the tank is rigid or flexible in the transverse and vertical directions.
,

Enter Figure 7-14 (for horizontal tanks with weight density y, s 75 lbf/ft ) or Figure 7-15 (for3

horizontal heat exchangers with weight density % s 180 lbf/ft') with:
~

!

D (Diameter of tank) [ft.]

. t (Thickness of tank shell) [in.]
*

|

and determine the maximum saddle spacing for rigid transverse and vertical frequency response
(i.e., F.,, . A 33 Hz): i

'
,

S, [ft.] (from Figure 7-14 or 7-15) ;
;

.

If the maximum saddle spacing (S,) is more than or equal to the actual spacing (S): ;

S, 2 S !
;

;

then the tank is rigid in the transverse and vertical directions, otherwise it is flexible.
!

,

Sten 0 - Determine whether the tank is rigid or flexible in the longitudinal direction. The ;
rigidity of the one saddle not having slotted holes in its base plate controls the frequency '

response of the tank in the longitudinal direction. The longitudinal stiffness (k,) of the tank is ;

- determined by assuming the saddle plate and its stiffeners bend with a fixed (built-in) connection (,

at the tank and a pinned connection at the base plate. The moment of inertia (l ) of the cross- ;yy

sectional area of the saddle plate and its stiffeners should be determined at a cross-section just
*

t below the bottom of the cylindrical tank. Compute the resonant frequency of the tank in the ;

longitu'dinal direction using the following equation: '

-!
!

!

-

[Hz]F"8- -
5

2x ) We
:
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,

Where the saddle stiffness (k,) is:
,

i
.*

:

$
P

k* = h' h [lbf/in].

3 E 1,, A, G ;

If the longitudinal resonant frequency (F%)is greater than or equal to about 30 Hz:
3

F 2 33 Hzw
:

then the tank is rigid in the longitudinal direction, otherwise it is flexible. .

Sten 10 - Determine the seismic demand acceleration and compare it to the capacity acceleration.
If the tank is rigid in all three directions; i.e.,

S, 2 S and
.

I
1

:

F 2 33 Hz !
%

,

,

.

then determine the ZPA from the 4% damped floor response spectrum (maximum horizontal
component). See Section 4.4.3, Step 1 for a discussion of input spectral acceleration. !

t

ZPA [g] (from 4% damped floor response spectrum !

at 33 Hz)
I

and compare it to the acceleration capacity of the tank anchorage:
;

i

A [g] (from Step 7)

,, 'If
3- !

A 2 ZPA j
!

then the tank anchorage is adequate; proceed to Step 11. If the tank anchorage does not meet ;

this guideline, classify the tank as an outlier and proceed to'Section 5, Outlier Identification and - |
Resolution, after completing the remainder evaluations in this section.

|
:

If the tank is flexible in any of the three directions, i.e.,

i
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!
t

S, < S or !
!

Fg < 33 Hz
i

then determine the spectral peak acceleration ** from the 4% damped floor response spectrum ;
(maximum horizontal component)- '

!

'h
SPA ** [g] (from peak of 4% damped response spectrum) |

|
and compare it to the acceleration capacity of the tank anchorage:

A [g] (from Step 7)
;
r

i
If

|!
.

A 2 SPA a
!
:

then the tank anchorage is adequate; proceed to Step 11. If the tank anchorage does not meet {
this guideline, classify the tank as an outlier and proceed to Section 5, Outlier Identification and ;

Resolution, after completing the remainder of the evaluations in this section.
j

t

Sten 11 - Check the saddle stresses. lmngitudinal shear is the main load that the saddle and its [
stiffeners must carry if the other saddles have slotted anchor bolt holes in the base plate.' Except !

for small tanks, the saddle which carries the longitudinal earthquake shear loading should have !

stiffeners to resist this weak axis bending. In addition to the longitudinal shear load, there are . !
several other loads in the other directions which should be considered; these other loads are

i
carried equally by all the saddles. The loads to include in determining the stresses in the saddle [
and its stiffeners are listed below.

g!
o Longitudinal seismic loads |

3

**

This horizontal tank evaluation procedure uses the assumption that the tank is full of
water. This assumption always results in a conservative evaluation when the peak of
the response spectrum is used to estimate the seismic demand acceleration.

If, however, the Seismic Capability Engineers elect to determine the fundamental {
natural frequency of the tank more accurately', and use a spectral acceleration "

corresponding to a frequency less than the frequency at the peak of the demand
spectrum, then they should also consider the case where the tank may not be full. For j
seismic demand spectra with sharp increases over small frequency changes, the seismic
demand load for evaluation of the tank anchorage (weight x spectral acceleration) may |
be greater for the partially filled tank than for the full tank. !

:
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|

|

o Vertical compression load from dead weight

i

o Venical seismic loads :

o Overturning moment from transverse seismic load j
|
|

The stresses in the saddle and its stiffeners should be determined in accordance with the
combined compression and bending provisions of Part 1 of the AISC Manual of Steel
Construction (Reference 29). If the stresses are less than or equal to 1.7 x AISC allowables (for ;

safe shutdown earthquake loading), then the saddle is adequate and hence the tank is satisfactory -|
for seismic loadings. If the saddle stresses exceed the AISC allowable, then classify the tank as

,

an outlier and proceed to Section 5, Outlier Identification and Resolution. '

*
.

This completes t1' seismic evaluation for horizontal tanks.
,

>

:
)

f

|
I

,

i

i

i

f
:

,

f
I
;

!

i

;

!

n

|,

|

!
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I

Table 7-6 - |
.

APPLICABLE RANGE OF PARAMETERS ~AND :

ASSUMPTIONS FOR HORIZONTAL TANKS' ;

Diameter of Tank D 1 to 14 ft. :=

i

Length of Tank L 4 to 60 ft.=

;

Height of Center-of-Gravity of Tank and H 1 to 12 ft.=
y

Fluid Above the Floor Where the Tank is
Anchored

,

{Number of Saddles 2 2 to 6NS =

3 to 20 ft. j3Spacing Between Support Saddles S =

.

2 or 3 .[Number of Bolting Locations NL4 =

5per Saddle
.

Number of Anchor Bolts per Bolting NB 1 to 2 ;=

Iocation
:

Distance Between Extreme Anchor Bolts D' 1 to 12 ft. t=

in Base Plate of Saddle {

!
Ratio of Tank C.G. Height-to-Saddle H /S = 0.1 to 2.0 |y

Spacing 1

Ratio of Tank C.G. Height-to-Distance |
Between Extreme Anchor Bolts H /D' = 0.5 to 2.0 |y

|
Weight Density of Horizontal: I

- Tanks (including fluid) y, = 60 to 75 lbf/ft' |
- Heat Exchangers (including fluid) we 130 to 180 lbf/ft'

Assumptions: |
1 Tanks are assumed to be cylindrical, horizontally oriented, and made of carbon steel. |
2 Tanks are assumed to be supported on carbon steel plate saddles. I
3 Saddles are assumed to be uniformly spaced a distance S apart with the tank overhanging |

the end saddles a distance S/2. .;
i4 One or two anchor bolts are assumed at each bolting location. '

5 All the base plates under the saddles are assumed to have slotted anchor bolt holes in the j

longitudinal direction to permit thermal growth of the tank, except for the saddle at one -

end of the tank which is fixed.
,
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!
,

Table 7-7
!

NOMENCLATURE USED FOR HORIZONTAL TANKS |

I

Symbol Description [ Units] !

t

A, - Cross-sectional area of saddle plate and its stiffeners (see Figure 7-13) [in.2]

D - Diameter of tank (see Figure 7-13) [ft.] ;

:

D' - Distance between extreme anchor bolts in base plate of a saddle (see Figure 7-13)'- !
[ft.] !

!
d - Diameter of anchor bolt [in.] 1

i

iE - Elastic modulus of saddle plate and stiffener material [ psi)
|

e, - Eccentricity (distance) from the anchor bolt centerline to the vertical saddle plate ;
(see Figure 7-13) [in.] !

!
F - Resonant frequency of tank in longitudinal direction [Hz] i%

.

F ,,, - Resonant frequency of tank in transverse / vertical direction [Hz] '
,

;

F - Coef0cient [dimensionless]i ;
;

F - Coefficient [dimensionless] |2

:

f, - Minimum specified yield strength of shell, chair, saddle, or base plate material [ psi] |
|

G - Shear modulus of saddle plate and stiffener material [ psi] ' '

i
2g - Acceleration of gravity [386 in/sec ] |

H - Height of center-of-gravity of tank and fluid above the Door where the tank isy

anchored [ft.] |
:

h - Height of saddle plate from the bottom of the tank to the base plate (see Figure 7- j

13) [in.]
.

I. - Moment of inertia of cross-sectional area of saddle plate and its stiffeners about axisyy
# Y-Y (see Plan of Support S1 in Figure 7-13) [in.']

k, - Stiffness of the saddle plate and its stiffeners in the direction of the longitudinal axis
of the tank [lbf/in]

L - Length of tank (see Figure 7-13) [ft.]

7-55
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Table 7-7 (Continued)
i

NOMENCLATURE USED FOR HORIZONTAL TANKS j

r

Symbol Description fUnits]
!

NB - Number of anchor bolts at each bolt location [dimensionless]
!

NL - Number of bolt locations on each saddle [dimensionless] i

NS - Number of saddles [dimensionless]
!

P, - Allowable tensile load of tank anchorage [~lbf] |

P,' - Allowable tensile load of anchor bolt [lbf]
^

!

RB - Strength reduction factor for base plate bending [dimensionless]

Strength reduction factor for an anchor bolt near an edge [dimensionless) [RE -

RS - Strength reduction factor for closely spaced anchor bolts [dimensionless) !
!

RW - Strength reduction factor for base plate weld [dimensionless]
;

S - Spacing between support saddles (see Figure 7-13) [ft.]
i

S, - Maximum saddle spacing for rigid tank (Fm, 2 30 Hz) [ft.] -

i

SPA - Spectral peak acceleration [g]
{
!

t - Thickness of tank shell [in.] |

|
Thickness of base plate under saddle [in.]

|
t, -

!
t, - Thickness of leg of weld [in.] ;

!
i

V, - Allowable shear load of tank anchorage [lbf] j

V,' - Allowable shear load of anchor bolt [lbf]

W - Weight of tank per anchor bolt, |3

>

!

W t#W [lbf] '=
6

NS NL NB !
,
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Table 7-7 (Continued)
,

NOMENCLATURE USED FOR HORIZONTAL TANKS-

,

Symbol Descriotion IUnits]

W,, - Weight of tank plus fluid [lbf]
;

ZPA - Zero period acceleration [g] .

a - Ratio of tensile to shear allowable anchorage load,' *

P"

V,,
[dimensionless]a=_

,

;-

y, - Weight density of horizontal heat exchanger including fluid [lbf/ft']
>

7, Weight density of horizontal tank including fluid [lbf/ft'] ;-

A - Acceleration capacity of tank anchorage [g] [
t

A - Lower acceleration capacity of tank anchorages [g]i

X, - Upper acceleration capacity of tank anchorages [g]

!
o - Stress [ psi] -

i

+

b

6

!,

!

!

!

!

1
i

!
,

i, ';

,

I

i

I
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Horcontal Tank or
A Heat Exchanger
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Figure 7-13. Horizontal Tank or lleat Exchanger
(Source: Reference 26, Figure 3.1)
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Figure 7-14. Maximum Saddle Spacing For Rigid (F,,,,, d 30 Hz)
Horizontal Tanks (y, s 75 lbf/ft')
(Source: Reference 26, Figure 3.7)
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(Source: Reference 26, Figure 3.8) ,
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:

7.5 OUTLIERS
.

!

i

'

An outlier is defined as a tank or heat exchanger which does not meet the screening guidelines

for: !
i

|
a

o Buckling of the shell oflarge, flat-bottom, vertical tanks, !

i

o Adequacy of anchor bolts and their embedments, !

!
!

o Adequacy of anchorage connections between the anchor bolts and the tank shell, or ,

i

o Flexibility of piping attached to large, flat-bottom, vertical tanks. _f
!

When an outlier is identified, proceed to Section 5, Outlier Identification and Resolution, and j
i

document the cause(s) for not meeting the screening guidelines on an Outlier Seismic j
.

Verification Sheet (OSVS) (Exhibit 5-1). ;

!
!

!

Note that all of the screening guidelines should be evaluated (i.e., go through all the steps in this

procedure) so that all possible causes for a tank or heat exchanger being classified as an outlier -[
t

are identified before proceeding to Section 5 to resolve it. ~j
i

The screening guidelmes given m this section are intended for use as a generic screen to evaluate

the seismic adequacy of tanks and heat exchangers. Therefore, if a tank or heat exchanger fails i

this generic screen, it may not necessarily be deficient for seismic loading; however, additional
i

outlier esaluations are needed to show that it is adequate. Such analyses could include use of the ;
,

principles and guidelines contained in this section and in Reference 26 for those types of tanks j
and heat exchangers not covered herein; e.g., vertical tanks supported on skirts or structural ;

;

legs. When a tank or heat exchanger which is covered by this section fails to pass the screemng j

guidelines, refined analyses could be performed which include use of more realistic or accurate j

methods instead of the simplified, generic analysis methods used in this section and Reference |
'

26. Other generic methods for resolving outlier are provided in Section 5. ;

i
i

I

7.6 DOCUMENTATION !
!

!

| I

|
:,
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The results of the engineering evaluations and field inspections performed using the guidelines in

this section should be retained in FPC files.

:

The results of the evaluations and inspections should also be documented by completing a

Screening and Verification Data Sheet (SVDS) as described in Section 4.6. This SVDS would j

be included in the Seismic Evaluation Report submitted to the NRC at the completion of the

Screening Verification and Walkdown. :

i

-!

If any of the screening guidelines contained in this section cannot be met, the tank should be f
classified as an outlier. The Outlier Seismic Verification Sheet (OSVS), found in Exhibit 5-1,

-

i
should be completed to document the cause(s) for not meeting the screening guidelines. |

.

k

i
e

t

i

I

!
'

!,J

A i
:

!

l

!
"

1

1 .;

!
I

f

i

I
I

J

!

!
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Section 8

CABLE AND CONDUIT RACEWAY REVIEW
r

:
,

!

8.0 INTRODUCTION

No specific cable and conduit raceway review is required under the Florida Power Plant Specific

Procedure.

For further explanation see Appendix B of Reference 37.

Users of this procedure are urged to review Section 8.0 of the GIP (Reference 36).

:

!

.
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i

Section 9 ;

i

DOCUMENTATION i

:

9.0 INTRODUCTION
4

:

The purpose of this section is to describe the various types of documents which should be |
generated for the USI A-46 program and how they relate to each other. This section also l

describes the types of information which should be submitted to the NRC. [
!

The following three major types of documents are described in this section.
,

o Safe Shutdown Equipment List (SSEL) Report

o Seismic Evaluation Report '

o Completion Ixtter !

.

The relationship between these documents and the time sequence for preparing them are

illustrated in Figure 9-1. This figure also shows other minor documents which should be i

prepared to support the above three major documents. The important features of these

documents as shown in this figure are summarized below.
,

;

The first type of document to be generated is a Safe Shutdown Eauipment List (SSEL) Report. !

There are two types of SSELs that can be developed for this report, as described in Section 3

and Appendix A: ,

)

i

9-1 }
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to The Composite SSEL includes all of the equipment identified as being needed for safe -
shutdown of the plant including (1) equipment which should be reviewed for seismic ,

adequacy, (2) other types of equipment needed for safe shutdown but which need not be
reviewed for seismic adequacy, e.g., inherently rugged equipment like check valves and -

manual valves or passive equipment like filters.

The Seismic Review SSEL is a subset of the Composite SSEL and includes only thoseo
items of active mechanical and electrical equipment and tanks and heat exchangers for
which a seismic review should be performed. '

The Seismic Review SSEi.s are input for the Seismic Evaluation Report. Note also that the

plant Operations Department should review the SSEL against the plant operating procedures. ,

The Seismic Evaluation Report is the second type of document to be generated for the USI A-46- '

review. This report describes the results of the seismic reviews of active mechanical and
,

'

electrical equipment (Section 4) and tanks and heat exchangers (Section 7).
,

!

The Seismic Evaluation Report should be submitted to the NRC. Also, if there are any items of
|

equipment identified as outliers during these seismic reviews, they would be subject to

resolution.
.

After resolving all the outliers which FPC plans to address, a Completion Letter will be sent to

the NRC notifying them that all planned actions for resolution of USl A-46 are c~omplete.
.

|

:t

This section describes both the type of documentation to be developed and retained by the utility

to support the resolution of USl A-46 and the documentation to be sent to the NRC at the f
:

completion of the program.
.

i

The extent of documentatior. required in this section is limited. The underlying reason for this is >

. that the seismic evaluations are to be done by highly-qualified individuals who have been trained

in the use and application of this procedure and the GIP. For example, Seismic Capability

Engineers should have the background, experience, and training to make engineering judgments | :

during the plant walkdown and thus avoid having to develop large quantities of backup
i

documentation to record every decision made in applying this procedure. - These Seismic :

Capability Engineers are then held accountable for the scope, accuracy, and completeness of the

Screening Verification and Walkdown process by having all the engineers certify that the results
.
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of the Screening Verification and Walkdown are correct and accurate. One of these signatories 1

should also be a licensed professional engineer.

i

|

9.1 FPC COMMITMENTS
j
i

!

FPC commits to the following in regard to documenting and reporting to the NRC the results of

the safe shutdown equipmers denti6 cation, the screening veri 6 cation and walkdown, the tanks j
and heat exchangers review, and the outlier identification and resolution.

t

i

FPC will submit to the NRC the following plant-specine information for resolution of USI A-46. I
!

i
1. Description of the safe shutdown path (s) chosen for resolution of USI A-46, i.e.,

|
systems selected for achieving and maintaining safe shutdown. If the scope of

j
review is expanded beyond the systems required for safe shutdown and this ;

expanded scope of equipment is submitted as part of the USI A-46 summary report,
then these additional systems should be identined. i

!

2. A summary of the main steps in the plant operating procedures used to bring the |
plant to a safe shutdown condition and the results of the plant Operations |
Department review of the SSEL against the plant operating procedures. !

i
3. List of the equipment on the Composite SSEL. :

4. List of equipment on the Seismic Review SSEL and the location of equipment in the
plant (building and floor evaluation).

.

5. Description of the SSE used in the USI A-46 program including a description of
,

how the seismic demand input motion to each item of equipment was determined. ;

6. Qualifications of the Seismic Capability Engineers. |

t
7. Results of the Screening Verification and Walkdown for mechanical and electrical !

equipment. I

!
8. Identification ofinstances in which the intent of the caveat is met without meeting i

the specific wording of the caveat rule.
;

!

9. Results of the tanks and heat exchangers review. !
>

10. Description of the outliers and any dc6ciencies.

!
11. List of the unresolved outliers (i.e., those not meeting this procedure's screening j

guidelines) and an explanation of the safety implications of not resolvirg these '

outliers. j

!
!,-
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!
i
'

12.' Proposed schedule for complete resolution, future modifications and replacements
of those outliers which will be resolved. |

I

|

After all planned actions to resolve outliers are complete, FPC will inform the NRC of this fact . j

by letter. |
!

t

9.2 SSEL REPORT !
!

!.
The Safe Shutdown Equipment List (SSEL) Report and supporting documents should describe |

i

the overall approach used in the resolution of USI A-46 for shutting down the plant following a |
postulated safe shutdown canhquake (SSE). The systems selected for accomplishing each of the

four safe shutdown functions, and the basis for selecting them should be summarized in this |

report.

,

The equipment selected within these systems should be identified and included on two types of

SSELs which are described below.

-!
o The Composite SSEL should contain all of the equipment described in Sectios 3 which .i

should be evaluated for seismic adequacy. Other equipment in the safe shutdown systems }
(e.g., inherently rugged and passive equipment) may also be added to this SSEL at the i

option of FPC.
;

o The Seismic Review SSEL is a subset of the Composite SSEL and contains all of the
'

,

mechanical and electrical equipment and the tanks and heat exchangers for which a {
seismic evaluation should be done as described in Sections 4 and 7, respectively.

,
'

t
1

The SSEL Report should also describe the method used by the Operations Department for !

i

verifying the compatibility of the SSEL with the plant operation procedures. ;

!

,| '

The information from the SSEL Report which should be sent to the NRC is listed below. Note

that it is not necessary to submit the SSEL Report itself. The information listed below may be

included with the Seismic Evaluation Report described below.
;

o Description of the safe shutdown path (s) chosen for resolution of USl A-46, i.e, systems
selected for achieving and maintaining safe shutdown. If the scope of the review is
expanded beyond the systems required for safe shutdown and this expanded scope of

; equipment is submitted as part of the USI A-46 summary report, then these additional
|
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I
.I

systems should be identified. |
f

o List of equipment included on the Composite SSEL. [
i

List of equipment included on the Seismic R'eview SSEL and location of equipment in the jo.
plant (building and floor evaluation). -j

o' A summary of the main steps in the plant operating procedures used to bring the plant to f
a safe shutdown condition and the results of the plant Operations Department review of |
the SSEL against the plant operating procedures.

|
9.3 RELAY EVALUATION REPORT '{

!
{
i

- Not used.
:

!
9.4 SEISMIC EVALUATION REPORT }

!
)

. i
| As a result of the screening evaluations described in Sections 4,5,7, and 8, the following |

i

information should be documented: i
>

;

o Description of the seismic design basis of plant including SSE ground and floor response 1f
spectra, description of the earth on which the plant is found (e.g., rock or soil; effective -j
grade of plant, etc.), and basis for establishing the degree of uncertainty in the natural ;

frequency of the building structure if unbroadened response spectra are used with [
frequency shifting of response peaks. |

!

O List of equipment on the Composite SSEL. ]
o List of the equipment on the Seismic Review SSEL. f

i
o Resumes of Seismic Capability Engineers. j

3

i4

o Checklists (e.g., SEWS, and Exhibits 8-1, 8-2, and 8-3). |
-i,

o Notes, photographs, drawings, calculations, assumptions, judgements, etc. used to back :

up the Screening Verification and Walkdown (optional).
,

a :

o Results of the Screening Verification and Walkdown for mechanical and electrical f
equipment on SVDS forms. including descriptions of any cases which specific caveats are |

met by intent without meeting the specific wording of the caveat rule. q
t

o Results of the tanks and heat exchangers evaluation. {

o Description of the outliers on OSVS forms. .

1
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;

;

.. . i
o Results of engineering evaluations, tests, calculations, and equipment modi 6 cations and -|

- replacements used to resolve outliers. ,{

The Seismic Evaluation Report to be'sub'mitted to the NRC should contain the following

information. (Note: Some of the information from the SSEL Report may also be included in

this report.) j
5
,

o Description of the Safe Shutdown Earthquake (SSE) used in the USI A-46 program j
including a description of ';ow the seismic demand input motion to each item of i

equipment was determined. j
:

o Resumes of the Seismic Capability Engineers.
|
.

'o Results of the Screening Verification and Walkdown for mechanical and electrical
equipment. '

~ o Identification of instances in which the intent of caveat is met withe.it meeting the
specific wording of the caveat rule. |

t

o Results of the tanks and heat exchangers review. I

o Description of the equipment outliers.

List of the unresolved outliers (i.e., those not meeting the GIP screening guidelines) and |o
an explanation of the safety implications of not resolving these outliers. .;

;

Proposed schedule for complete resolution, future modifications and replacements of jo
those outliers which will be resolved. j

!
~

After submitting this information to the NRC, FPC will use normal methods for implementing j

and tracking licensing commitments for resolving outliers. I
!

9.5 COMPLETION LETTER
:

A completion letter should be sent to the NRC advising them that any corrective actions

identiGed in the Seismic Evaluation Report or any corrective actions agreed to with the NRC j
Staff as a result of other related correspondence have been completed. |

|
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Appendix A

PROCEDURE FOR
IDENTIFICATION OF SAFE SHUTDOWN EQUIPMENT

A.1 INTRODUCTION

The purpose of this appendix is to amplify the method described in Section 3 for identifying safe

shutdown equipment. This is done by: (1) describing typical alternative methods for

accomplishing a safe shutdown for a pressurized water reactor (PWR) (Section A.2), and by (2)

describing a step-by-step procedure for identifying the individual items of equipment and

documenting the results (Section A.4).

A.2 DETAILED DESCRIPTION OF SAFE SHUTDOWN .. TERNATIVES

Pressurized water reactors (PWRs) typically have several paths or methods which can be used to

bring the plant to a safe shutdow., condition. Typical alternative methods for accomplishing the

four safe shutdown functions (reoctor reactivity control, reactor coolant pressure control, reactor

coolant inventory control, and decay heat removal) are described in detail for PWRs in this

section.
,

A.2.1 Reactor Reactivity Control

The safe shutdown alternatives for accomplishing the reactor reactivity control function for

PWRs are illustrated in the block diagram shown in Figure A-1; these alternatives are described

below.

|

t
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Figure A-1. Safe Shutdown Alternatives for Reactor
Reactivity Control of PWRs.
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Generally, nuclear plants have two methods for controlling reactivity. The primary method for ]
shutting down the nuclear reaction (inserting negative reactivity) is by < ontrol rod insertion.

|
(SCRAM). A second method is the rapid addition of liquid neutron poison, typically boron, to

,

the reactor coolant; this method requires a minimum of 10 to 15 seconds to inject sufficient |

neutron poison into the reactor coolant system to make the core suberitical'without control rod ;

insertion. While both methods are available for emergency shutdown, it is considered that, from |
a practical standpoint, fast control rod insertion (SCRAM) should be available for initial reactor' !

shutdown during and afkr an earthquake; therefore, the control rods and associated control rod !
~

insertion mechanisms and systems are considered essential for safe shutdown. Since reactors are f
'designed to shut down with one control rod not inserted, this method meets the single failure

criteria. :

In addition to control rod insertion, reactors also typically require supplemental long-term

!reactivity control by the addition of liquid poison to the reactor coolant system. This long-term

control is needed to compensate for the combined effects of positive reactivity increases resulting
,

i

from Xenon'135 decay and reduction of the reactor coolant temperature. Note that some plants :

may need to compensate for signiGcant reactor coolant temperature decreases to get to the hot !

shutdown mode. Two methods are typically available for injection of borated water into the
'

reactor coolant system to compensate for these long-term, positive reactivity effects. These safe

shutdown alternatives include injection via the:

:

.

O Make-up and PuriGcation System, or .

'

:
.

o High Pressure Injection (HPI) system.

-|.

;

i

;

e

;

,

'
..

.

'

.

i

'
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Figure A-2. Safe Shutdown Alternativas for Reactor Coolant
Pressure Control of PWRs.
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A.2.2 Reactor Coolant Pressure Control

The safe shutdown alternatives for accomplishing the reactor coolant
,

J
Ipressure control function for PWRs are illustrated in the block diagram

shown in Figure A-2; these alternatives are described below along with ;

- the conditions under which they can be used. There are various pressure-temperature limits f
_

which should not be exceeded in the reactor coolant system of PWRs. These are illustrated in i

Figure A-3 where the unshaded area in the center of the figure is the Operating Region for the
.|

reactor coolant system during and following an earthquake while the reactor coolant pumps are

not operating (loss of offsite power is assumed). The shape of the curves and the values of i

!

pressure and temperature are approximate. Actual plant limits may be different. |

!

The methods which can be used to avoid exceeding the pressure-temperature limits are illustrated i
,

in Figure A-3 by arrows within the Operating Region. These arrows indicate the direction of
;

] change of the pressure and temperature when one of the indicated systems or methods is used to
{

avoid exceeding the limits.
,

'|. The discussion below explains the various pressure-temperature limits '

,

and the methods which can be used to avoid them: 1

1 ,

-,
'

The reactor coolant system desien nressure (about 2500 psig) is the !

upper limit on pressure. The pressurizer safety relief valves (SRVs)

have the capability to prevent this limit from being exceeded. Also, the

power-operated relief valve (PORV) on the pressurizer can be used to lower the pressure "-

throughout the Operating Region from 2500 psia down to ambient pressure. In addition, reactor ;

coolant system pressure can be reduced by spraying water into the steam space of the pressurizer
'

using an auxiliary spray system. (Normal spray is not available since the

reactor coolant pumps are not running due to the assumed loss of offsite power.) '

i
,

.,

i n

i ,

4
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?

' The subcooling margin is another limit on the reactor coolant system pressure (and temperature). .f
it is required to avoid formation of a

steam bubble within the reactor vessel. This limit, shown in Figure A-3, is typically about 50 F '

of subcooling from the saturation line; this i

!

amount of subcooling margin is used during natural circulation decay ,

heat removal with the steam generators at secondary side pressures above about 250 psia. Less
,

Isubcooling margin (about 15*F) is needed below

this pressure to maintain sufficient net positive suction head (NPSH) on the low pressure residual
|

heat removal pumps. !
:

i
!The subcooling margins can be maintained by increasing the pressure of the reactor coolant-

system. Above the maximum operating pressure of the suction side of the decay heat removal f
(DH) system (about 280 psig), the make-up and purification system (MU) or the high pressure f

injection (HPI) system can be used to inject water into the reactor coolant system and thereby [
f

compress the steam bubble in the pressurizer and increase the system pressure. As an '

alternative, the saturation temperature of the reactor coolant in the pressurizer can be increased

via pressurizer heaters and thereby raise the pressure. At lower pressures, the low pressure !
;

injection (LPI) system also can be used. Note that injection of cool water into the reactor i

coolant system also slightly reduces the overall bulk temperature of the reactor coolant. As the i[-
water is cooled, it contracts slightly; this is shown by the leftward leaning arrows pointing |

upward from the subcooling margin line. f
i

Another method of maintaining adequate subcooling margin is to decrease

the temperature of the reactor coolant system by increasing the rate of

decay heat removal as described in Section A.2.4, Decay Heat Removal :

(PWR). For pressures above about 280 psig, natural circulation decay

heat removal via the steam generators (SGs) can be used. For pressures [
.

lower than this, the decay heat remeval (DH) system can be used.
t

f

{

Ihe reactor vessel brittle fracture limit is another limit on reactor coolant system pressure (and |

temperature). This limit can be avoided by lowering the reactor coolant system pressure by the

same methods described earlier. ;

A-7 :
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Steam generator (SG) tube differential oressure (delta P) limit is another limit on reactor coolant
,

system pressure (and temperature). This limit can be exceeded by overpressurizing the ID of the

SG tube with the reactor coolant system without sufficient balancing pressure on the OD of the

~ tube for a given temperature. This limit can be avoided by lowering the reactor coolant system

pressure using the same methods described in the previous paragraphs. ;

|
.

One other method of avoiding the reactor vessel brittle fracture' limit and the SG tube delta P !
'

limit is to allow the temperature of the reactor coolant to rise by reducing the steam generator f
(SG) cooling. This method is illustrated by the dashed arrow pointing to the right in the '

:
operating region of Figure A-3; this arrow is sloping upward to show that as the reactor coolant

'

gets hotter, it also expands and increases the system pressure slightly.
,

e

The decay heat removal (DH) system design pressure (about 300 psig)
;

should not be exceeded after the decay heat removal system has i

been connected to the reactor coolant system. In addition to all of the methods described above
.

for lowering the reactor coolant system pressure, the safety relief valves (SRVs) on the DH

system also can be used when the DH system is connected to the reactor coolant system. Note ;

that it is not necessary to use the DH system unless the plant elects to go to cold shutdown.

!

A.2.3 Reactor Coolant Inventory Control {
i

!
>

The safe shutdown alternatives for accomplishing the reactor coolant
[
.

inventory control function for PWRs are illustrated in the block diagram shown in Figure A-4;
e

these alternatives are described below. :

:

:
'

The inventory of the reactor coolant system is controlled by feeding

water into the system and by minimizing the loss of water from the
t
;

various openings in the system. Note that the alternatives for reactor !

coolant inventory control are directly related to some of the :

alternatives for reactor coolant pressure control, e.g., adding water to the, reactor coolant system |

!increases the system pressure while removing

steam (decreasing inventory) decreases the pressure. Therefore many of
:
3
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_ the same alternatives are used for both of these safe shutdown functions.

J

Feed into the Reactor Coolant System. Typically, there are three safe shutdown alternatives )

available for feeding the reactor coolant system: -|

,

o Make-up and Purification System ('MU),

o High Pressure Injection (HPI) system, or j
i

i
o ' Imw Pressure Injection (LPI) system (at low pressure .j

only).
..|

{
The MU and HPI systems can be used to control the reactor coolant i

i
inventory at both high and low system pressure. The LPI system can only inject reactor coolant _ |

into the system at pressures below about 280 psig. 'i
i

:
;>

!

.i

,
'

.

.

:
?

i

i

!
!
4

i

!
!
;
!

i
0

'

i
:

!
,
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Figure A-4. Safe Shutdown Alternatives for Reactor 1

Coolant Inventory Control of PWRs.
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;

Discharge From the Reactor Coolant System (PWR). There are several paths through which

reactor coolant can leave the reactor coolant system. Listed below are typical discharge paths j
which should be controlled to minimize loss of inventory:

,

o Reactor Coolant Pump Seal' Leakoff, '|
|

:
o Normal and Excess Letdown Paths,

'

o Pressurizer Power-Operated Relief Valves (PORVs), j

o Pressurizer Safety Relief Valves (SRVs) (only at pressures at or i
above the SRV set point), and ;

i
o Other Vents and Drains.

T

i

A.2.4 Decay Heat Removal

:

The safe shutdown alternatives for accomplishing the decay heat removal

function for PWRs are illustrated in the block diagram shown in :

Figure A-5; these alternatives are described below.
I

.
e

:

While the reactor coolant system is at high pressure the steam generators can be used for

removing decay heat from PWRs. After the reactor coolant system pressure is lowered :

sufficiently, the decay heat removal system can also be used. ;

i
'

i*

I

|
t

:

;

1 Note that the reactor coolant pump seals may need a supply of water f.n cooling j

(closed cooling, injection, or both) to maintain their integrity while the reactor coolant |
system is at elevated pressure. If these services are not included in the selected safe-

shutdown approach, the consequences of seal failure leakage should also be addressed
.;

with adequate makeup capacity. |
:
i
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Figure A-5. Safe Shutdown Alternatives for Decay

Heat Removal of PWRs.
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t

!

To remove decay heat via the steam generators, it is necessary to establish natural circulation of |
!

reactor coolant between the core (heat source) and the steam generators (heat sink). It is i
.

!
-

assumed that the reactor coolant pumps are unavailable since they rely upon the use of offsite |
power. Natural circulation normally requires the reactor coolant to be subcooled to minimize !

!

void formation within the reactor vessel (as described in Section A.2.2, Reactor Coolant
;

| Pressure Control). After natural circulation is established, heat can be removed from the reactor
,

,

coolant by boiling the feedwater on the secondary side of the steam generators. The steam -

generated from this boiling can be discharged to the atmosphere through the main steam ,

atmospheric steam dump valves. The main steam safety valves (MSSVs) also can be used to i

discharge steam if the secondary side pressure is allowed to go up to the SRV set point. !

Condenser steam dumps are not available due to the assumed loss of condenser circulating water
,

pumps, which are driven from offsite power.
;

!,

Makeup feedwater can be supplied to the secondary side of the steam generator via the I
;

emergency feedwater (EF) system. The dedicated emergency feedwater tank is the preferred ;

| source of emergency feedwater, with the condensate storage tank available as a backup. ,

,

i

The reactor coolant temperature and pressure can be lowered by manually lowering the steam f
generator secondary side pressure using the atmospheric steam dump valve.'

t
'

,

I
'

If it is preferred (or required due to emain plant limitations) to bring the plant to a cold '

,

shutdown condition, the decay heat removal (DH) system can be used to remove decay heat from >

:

the core after the reactor coolant system pressure and temperature are typically below about 280 |

psig and 280 F. This system consists of pumps which take suction from the reactor coolant !
i

i system, circulate the water through heat exchangers, and inject the water back into the reactor !
:

coolant system. Heat is transfened from the DH heat exchangers to the decay heat closed cycle I
.

| cooling water
;

system which has its own set of pumps for circulating water. Heat is transferred from the DC

system to the nuclear services and decay heat seawater (RW) system in another heat exchanger

and from there to the ultimate heat sink (Gulf of Mexico).-

; )
.

A.3 Not Applicable !

i
'

1
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!
A.4 STEP-BY-STEP PROCEDURE FOR IDENTIFYING SAFE SHUTDOWN '

EQUIPMENT |

|
. .

This section describes a step-by-step procedure for:
'

:

Identifying the major system alternatives available for achieving and maintaining safe !
o

shutdown conditions at a nuclear power plant, |

q-

o Selecting preferred safe shutdown alternatives for the primary ;

and backup means of safe shutdown, and ;

1
0 ' Identifying all the equipment required by the preferred safe

shutdown alternatives. i

,

The approach taken in this procedure is to identify the major system alternatives and then select

a preferred major system alternative or shutdown train for the primary and backup means of safe !

shutdown. Only the equipment in these preferred alternatives need to be identined prior to the !

seismic walkdown. The decision as to which alternatives should be selected can be made from a

high-level engineering evaluation conducted by a team of engineers with experience in the |
mechanical and electrical systems of the plant and with background in seismic areas. Also, plant

*

operations and management should review the selection of the preferred safe shutdown
!

alternatives.
|
|

!

If desired, the equipment associated with other major system alternatives also can be identified
t

prior to the walkdown. This would provide additional flexibility during the walkdown in case
,

the seismic adequacy of certain equipment in the preferred paths cannot be easily veri 6ed. I

!
The now diagram in Figure A-10 (located at the end of this appendix) shows all the steps te be ;

taken in identifying the safe shutdown equipment in the plant. It is suggested that this 6gure be
i

referred to while reading this section. The steps in this procedure can be divided into three j
i

major tasks.
|

o Identincation of the primary and backup safe shutdown alternatives for each of the four
safe shutdown functions described in Section 3.4. The generic safe shutdown
alternatives described in Sections A.2 and A.3 of this appendix can be used as a guide.
This major task is shown in Steps 1 through 3 in Figure A-10.

A-14
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!

o. Identification of the equipment needed for each of the four safe shutdown functions and
generation of a safe shutdown equipment list (SSEL) for each function. This major |
task is shown in Steps 4 through 16 in Figure A-10. |

!

o- Generation of a safe shutdown equipment list (SSEL) for the seismic evaluation from
the SSELs generated above. This major task is shown in Step 17 in Figure A-10. |

{

The sequence of steps in this procedure is to: (1) select one of the safe shutdown functions, (2) .|

identify the preferred safe shutdown alternative, and (3) identify the equipment in that -

alternative. However, the user may wish to identify all the preferred alternatives for all four |
functions prior to identifying the specific equipment in any of these alternatives; i.'e., perform f
the first major task (Steps 1 through 3) for all four functions prior to performing the remainder ' ;

of the procedure. Then, the results of this overall system selection process can be reviewed by |

utility operations and management before proceeding with the detailed (and time consuming) I
t

process of identifying the individual items of equipment. l

e

The steps in this procedure include a description of how to document its implementation. Note j

that the purpose of documenting these steps is to provide a systematic method of identifying all j
the equipment needed for safe shutdown. The documentation identified by this procedure

includes: (1) a description of the plant-specific, preferred safe shutdown alternative and the {
procedures which would be used for each safe shutdown function, (2) marked-up schematic j

diagrams (flow diagrams, electrical one-line diagrams, etc.), (3) safe shutdown equipment lists !

(SSELs) for each safe shutdown function and any other SSELs for support systems, and (4) an
.

SSEL for scismic evaluation. Blank forms are provided in Exhibits A-1, A-3 and A-5 at the
;

end of this appendix . r documenting the identification of equipment on SSELs; the discussion
.;

' below describes how to fill out these forms. Exhibits A-2, A-4, and A-6 show these forms filled
i

out with a data base management system.
>

r

The details for performing each of the steps shown in Figure A-10 are .I

provided below. The number and description within each box of the

flow diagram in Figure A-10 correspond to the step number and section title in the description

belows

i

}

'
.
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Step 1 - Pick a Safe Shutdown Function

The four safe shutdown functions which should be accomplished during and following a safe

shutdown earthquake are:

o Reactor Reactivity Control

o Reactor Coolant Pressure Control

o Reactor Coolant Inventory Control

o Decay Heat Removal

One of these four functions should be selected on the first pass through this procedure.

Succeeding passes through this procedure should pick up the other three functions. A separate

SSEL should be generated for each of these four functions. In some cases a separate SSEL can

be generated for the primary and backup trains of equipment. Also, additional tables can be

generated for supporting systems which are common to several functions so that the same

equipment does not need to be duplicated on several tables. The form shown in Exhibit A-1 can

be used for each of these SSELs.

Step 2 - Identify Paths Available

There are normally several alternatives for accomplishing each of the

safe shutdown functions selected in Step 1, above. In this step, various major system

alternatives should be identified and documented.

The description of each safe shutdown alternative should be similar to the descriptions of the

generic safe shutdown alternatives contained in Section A.2 or A.3 of this appendix.

Plant-unique equivalents to these generic alternatives also may be identified. These descriptions

should

address how the systems used for each alternative can be put into operation including any

automatic controls and operator initiated actions using the plant procedures. Note that manual

initiation and verification of operation at a local station is an acceptable alternative to automatic

A-16
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,

i

initiation anc' remote indication, provided time, manpower, and appropriate procedures are |
;

available to use the local station.-
:

i

i

ilt should be noted that for each of the four safe shutdown functions, a backup or redundant item !
i

of equipment or alternate method should be available for each active item of equipment in the |
t

system being used. - |
i.-

Backup equipment need not necessarily be installed spares. Alternative means of providing !

i

backup capability can include manual operation of poweroperated equipment, substitution of a - ;

.| temporary item of equipment (if enough time and procedures are available to bring it into i

operation), or use of another safe shutdown alternative. f
2

!

J Completion of this step should result in the following: .

!
!

o Descriptions of the safe shutdown alternatives for accomplishing the safe shutdown {
function. '

i
,

o Descriptions of how the alternatives can be put into operation |
using the plant procedures. }

'

!

The above results should be documented in a format similar to the j
descriptions shown in Sections A.2 and A.3 of this appendix. j

i
:

Sten 3 - Pick A Primary / Backup Path

I
;

The purpose of this step is to review the various alternative methods for achieving safe shutdown |

de6ned in Step 2 and to select a preferred method for either the primary or backup means of
.

shutdown. This selection can be based on one or a combination of the following considerations:

o The systems and equipment selected for shutting down the plant following a fire. It I
should be noted, however, that the safe shutdown equipment identi6ed for this
procedure will not necessarily be the same as equipment identified for 10 C.F.R. Part [
50, Appendix R, for the same general shutdown method. !

'

o The alternatives which rely on the systems and equipment to operate in their normal j

mode. !
4 <

|
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|

|

- o The alternatives which are straightforward and present the least c'.'llenge to the ')
operators. ')

1
Jo The status of the seismic classi6 cation, design, and documentation for the equipment in
|

the safe shutdown alternative. !

:

o The results of previous seismic reviews and walkdowns. |
'

i
o The location (elevation) of the equipment within the plant (the lower the elevation, the ;

'

lower the seismic excitation). .

o The operating procedures (normal or emergency) used to achieve and maintain safe i

shutdown conditions.
|
i
:
:

In addition, the following factors may also be considered: !

o The practicality /dif6culty and cost of returning the plant to normal operation after an
SSE. ;

o The alternatives which minimize the amount of effort, expense, and radiation exposure
to verify the seismic adequacy of the equipment.4 (

1

i

Selection of the preferred safe shutdown alternatives requires a broad understanding of the 'i

systems, equipment, and procedures used in the plant. This high-level selection process should '

J be reviewed by plant operations and management. SpeciGc items of equipment within the f
:

selected systems can then be identified by the systems engineer in the remaining steps of this;

procedure. i

!

!
t

Completion of this step will result in the following: i

!
!

I
o Completed headings beneath the title on the SSEL (Exhibit A-1) with the following i

infe:...ation |
-

;

-- Name of safe shutdown function for which equipment will be identi6cd, for !

example: |

~ |!
FUNCTION: Decay Heat Removal-

}
-- Description of alternative for accomplishing the safe shutdown function, for f

example: [
t

J

!

A-18 |
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ALTERNATIVE: SG Cooling /EFW and Steam Dump Valves

Io Description of the safe shutdown alternatives selected for accomplishing each of the
four safe shutdown functions. This summary should also identify the major steps in
ti.e procedures which would be used in bringing the selected safe shutdown equipment
into operation and continuing to operate it. j

|

Sten 4 - Identify An item of Eauipment
:

The preferred safe shutdown alternative identified in Step 3, above, typically will require several ;

different systems or parts of systems to operate. The purpose of this step is to trace the path of '

fluid (or power, or cooling, etc.) from its source to its destination and identify one item of !

equipment. The schematic diagram (Flow diagrams, electrical system one-line diagram, etc.)
i

can be marked up with see-through markers or highlighters to illustrate the path selected and to
,

ensure that all branches and alternate paths are accounted for.

!
The equipment to be identfied for safe shutdown should be one of the Equipment Classes #0

through #21 described in Table 3-1 of Section 3. Equipment to be included in the safe shutdown f
equipment list are those items of active mechanical and electrical equipment which should ;

operate or change state to accomplish the safe shutdown function selected in Step 1. .

. ,

|

The equipment needed for supporting the safe shutdown equipment should also be identiGed, !
-!

such as, electrical power and control, pneumatic power and control, cooling, lubrication, etc.; i
'

this is done in Steps 9,10,11, and 12. |
i

;

The marked-up areas on the schematic diagram should extend up to, and include the isolation

valves in the main and branch lines which form the boundary of the system. The configuration I

of the system used during normal operation of the plant should be used when marking the '

diagram and identifying the boundary. It is optional whether passive items of equipment are !
!

listed on the SSEL. ;

! :

i !

If the identified system is used differently by another safe shutdown alternative, a separate SSEL f
should be generated and a separate schematic diagram should be marked up for that alternative. ;

1-
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Completion of this step should result in the following:

!

:o Marked-up schematic diagram (e.g., flow diagram, electrical system one-line diagrams, j,

etc.) for the identified system for one of the safe shutdown alternatives. '!
..

iO Completed columns (1) through (6) and columns (10) and (11) of the SSEL with the _
following information for the item of equipment: |

|
.

'
Column No. Column Description.

,

1 Table Line Number
.

;
r

2 Train or Backup Component Designation

3 Equipment Class (From Table 3-1)

4 Equipment Identification Number (Plant Unique) |
i

5 System Designation and Equipment Description
>

"

6 Schematic Drawing Number and Zone. The schematic drawing
number and zone is optional. It can be used to help retrace the steps - :

used in identifying the safe shutdown equipment.
1

10 Type of Evaluation Needed
t

11 Note Number. The note number is optional. Notes can be used to
,

document the reason why certain equipment was or was not included
in the safe shutdown equipment list.

,

!

, Sten 5 - Determine Location in Plant [
!

The location of the item of equipment should be identified in this step. In some cases it may be
,

,

t - necessary to walkdown the plant to find where the equipment is located. The floor elevation .

from which the equipment can be seen should be identified. -!
:

,

t
Completion of this step should result in the following:

t

i

o Completed columns (7) through (9) of the SSEL with the following information for the
item of equipment. ;

.

|

A-20
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|

5Column No. Column Description

!.
7 Building in Which Equipment is Located '

'

8 Floor Elevation in Building From Which Equipment Can Be Seen. It is
suggested that the floor elevation from which the equipment can be seen be j
entered into this column for use in sorting equipment for later walkdown. I

The seismic review team should determine the actual plant elevation from
which the equipment receives its seismic input (demand) during the plant ;

walkdown (for input into the SVDS shown in Exhibit 4-1, Column 7, Base
~

Elevation). :
t

9 Room or Row and Column Number Designation Where Equipment is
located

!
Steo 6 - Determine Normal State j

i

The purpose of this step is to identify the normal operating state of the item of equipment

identified in Step 4 during normal operation of the plant. This information is often given on the !

fluid system schematic diagrams (flow diagrams); however, this information should be confirmed !
;

by an operator familiar with the specific plant being evaluated. ;

; Completion of this step should result in the following: j
i
:

o Completed column (12), " Normal State" of the SSEL with one of the following -[
conditions- f

!

OPEN (Equipment is normally open) '|
i

CLOSED (Equipment is normally closed) ;
!

OP/CL (Equipment normally changes state from open to closed or from |
"

| closed to open) '

{iON (Equipment is on and normally operating)

!
OFF (Equipment is off and normally not operating) j

l

N/A (Not Applicable) I

Step 7 - Determine Desired Sta.te

A-21i
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:

!

:\
The purpose of this step is to identify the desired operating state of j

the equipment identified in Step 4 to accomplish the safe shutdown {

function selected in Step 1. This operating state sho'ld be confirmed !u
t

uy an operator familiar with the specific plant being evaluated. i

:

}
'Completion of this step should result in the following:

o Completed column (13), " Desired State," in the SSEL with one of the following"
.

conditions:
{

OPEN (Equipment should be open) ;

i

CLOSED (Equipment should be closed) - [

OP/CL (Equipment should change state from
open to closed or from closed to open)

i
ON (Equipment should be on and |

operating)

OFF (Equipment should be off and not
;

operating)

N/A (Not applicable) !

!

!
Step 8 - Is Power Needed? |

i
;.

!

This step asks whether the equipment identified in Step 4 needs an external source of power
|

(hydraulic, pneumatic, electrical) to operate, or if power is needed to control its operation so |
2

i

that it can accomplish the safe shutdown function selected in Step 1. This information is used in :

Step 9 to identify a power source and to decide whether a Seismic review is needed (Column - <

10). 1
'1

;

)
The answer to 4hether power is needed depends upon which of the following four categories the

]
equipment falls into. These categories depend upon whether the equipment is in the desired

; . operating state while the plant is at normal operation and whether the equipment will achieve the

desired operating state u;xm loss of operating or control power. These four categories and the

A-22
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:

| answer as to whether operating or control power is needed are given below. The table at the j

j- end of this desenption summanzes these categories. |
1 1

1. The equ pment is m the desired state to achieve the safe shutdown function, and upon |
loss of operating and/or control power, the equipment stays in the desired state. This J
would include valves which normally are open and fail open, valves which normally
are closed and fail closed, and other active equipment (e.g., pumps, compressors, M-G i

sets, etc.) which normally are not running and fail in the not running state. Equipment |
in this category does not need operating or control power to maintain the desired

|
.

operating state; therefore, this equipment is not considered active ar.d does not need to ^

be seismically evaluated. For this category of equipment, skip Step 9 and proceed to i

Step 10.

!

) 2. The equipment is in the desired state to achieve the safe shutdown function, but upon
i loss of operating and/or control power, the equipment does not stay in the desired :

state. This would include valves which normally are open and fail closed, valves ;

which normally are closed and fail open, and other active equipment which normally is
running and fails in the not running state. Equipment in this category does need
operating power and perhaps also control power to maintain the desired operating state.

. This equipment is considered active and should be seismically evaluated. For this
! category of equipment, proceed to Step 9. |

|

13. The equipment is not in the desired state to achieve the safe shutdown function, but
upon loss of operating and/or control power, the equipment will eo to the desired state.

'

This would include valves which normally are open and fail closed, valves which,.

normally are closed and fail open, and other active equipment which normally is |,
' ~ 'running and fails in the not running state. Equipment in this category does need

control power to assure that operating power will be cut off from the equipment to ;

obtain the desired operating state. This equipment is considered active and should be j

seismically evaluated. For this category of equipment, proceed to Step 9. |
'

4. The equipment is not in the desired state to achieve the safe shutdown function, and
. upon loss of operating and/or control power, the equipment will not eo to the desired ;
j state. This would include valves which normally are open and fail open, valves which

normally are closed and fail closed, and other active equipment which normally is not
running and fails in the not running state. Equipment in this category does need '|,

operating power and possibly also needs control power to obtain the desired operating
state. This equipment is considered active and should be seismically evaluated. For

} this category of equipment, proceed to Step 9
'

!

The above categories of equipment are summarized in the following table. Substitute the

following words in the table at each location where there is an asterisk (*) or a pound symbiol

(#) to determine what answer should be placed in Column (14) of the SSEL: ;
8.

^

|
,
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!
!

(*) = (the desired operating state to achieve safe shutdown function.)- |

(#) = (to achieve safe shutdown function) ,

!
.

During normal Upon loss Is power needed? !
'

operation, the of power, (Answer for Column 14
eauipment the equipment in the SSEL) j

i

is in (*) stays in (*) (#) No (Go To Step 10) |

!

is in (*) does not stay in (*) (#) Yes (Go To Step 9) i

!

is not in (*) will go to (*) (#) Yes (Go To Step 9) ;
i

is not in (*) will not go to (*) (#) Yes (Go To Step 9) !
.

i
**0r does power need to be interrupted? If the answer is "YES", then |

include the supporting equipment on the SSEL. |

Completion of this step should result in the following: i

!
o Completed column (14), " Power Required?", in the SSEL with one of the following |

'

answers to the question posed by this step:
:

NO (For 1st Line in Above Table. Proceed to Step 10 of Procedure.) I
!

YES (For 2nd,3rd, or 4th Line in Above Table. Proceed to Step 9 of |
Procedure.) i

!

!
Sten 9 - Identify Power Sources

'f
i.

The purpose of this step is to identify the sources of power which are used to power and control !'

the equipment identified in Step 4 The main motive source of power to operate the equipment
,

or hold it in position and the control power for controlling this main motive force should be .|
,

identified. It is necessary to identify only the immediate source of power for the subject item of (
equipment in this step. Subsequent passes through this section of the procedure will identify all !

the items of equipment included in these sources of power; each one of these individual power _. !
.:

train items of equipment will later be included as a separate line item in the SSEL.

I

Completion of this step should result in the following-
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!
?

o Completed coeumn (15), " Supporting System Drawing Number " in the SSEL with any
reference drawing number which identifies the power sources. ,

i
o Completed column (16) " Required Supporting Systems or Components," in the SSEL

with the identification name and/or number of the power sources. For example, entries ;

in this column could be: j

AC BUS 622

DC BUS 212 ;
i

PNEUMATIC

INSTR. BUS 211

MANUAL

-- (Equipment does not require power) i

|
N/A (Not applicable)

i

Sten 10 - Identify Supportine Systems and Components

The purpose of this step is to identify the supporting systems or components needed by the .
,

equipment identified in Step 4 so that subsequent passes through this procedure can identify all- :

the equipment in these supporting systems. Supporting systems include such services as cooling,

lubrication, HVAC, etc. |
!
t

It is only necessary to identify the systems or components supporting the equipment in this step; i.

- subsequent passes through this section of the procedure will identify all the equipment included
i

in a supporting system. Each of these individual items of equipment in a supporting system will - |
o

be included later as separate line items in the SSEL.

I
.

Completion of this step should result in the following: f
!
!

o Completed column (15), " Supporting System Drawing Number," in the SSEL with any I

reference drawing number which identifies the supporting system. {

i

I

.
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1

i

o Completed column (16), " Required Supporting Systems or Components," in the SSEL
with the name of each system or component supporting the equipment identified in Step i

4. For example, entries in this column could be: i

i

PNEUMATIC i

!
INST. AIR

F

SERV. AIR
:

MANUAL *

t

CCW (Component Cooling Water System) ;

HVAC (Heating, Ventilating and Air Conditioning System) ;

-- (Equipment does not require any supporting system)
,

N/A (Not Applicable) ;

Step 11 - Identifv instruments for Function
[

i

To assure that the safe shutdown function selected in Step 1 is being accomplished, a number of '

process variables shouV oc measured. The purpose of this step is to identify the primary '

,.

process variables rnd instruments associated with the safe shutdown function defined in Step 1. !

For example, to control the inventory in the reactor coolant system, the water level

instrumentation for the pressurizer (PWR) should be identified as an essential instrument. Note- |

that other process variables and instruments, needed to control the individual items of equipment,
u e

are identified in Step 12 of this procedure.
|
t
:

;

For each process variable identified, a transmitter and its indicator ,

(or recorder) should be listed as line items on the SSEL (Exhibit A-1). For example,

transmitters can be identi6cd as either Equipment Class 18 (Instrument Racks) or Class 19 {
(Temperature Sensors), while indicators (or recorders) can be identined as Equipment Class 20

,

(Instrumentation and Control Cabinets) on the SSEL. I
-

l
-

F

,
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!
Completion of this step should result in the followmg.

!
I

o. Completed columns (1) through (11) and columns (14) through (16) of the SSEL with !
the following information for the transmitters and indicators (or recorders): |

'

i

Column No. Column Descriotion !

1 Table Line Number :

2 Train or Backup Component Designation f
i

3 Equipment Class (From Table 3-1) |
;

4 Equipment Identification Number (Plant Unique) I

!
5 System Designation and Equipment Description '!

;

6 Schematic Drawing Number and Zone. The schematic drawing and |
zone is optional. It can be used to help retrace the steps used in i' identifying the safe shutdown equipment. |

7 Building in Which Equipment is Located f
8 Floor Elevation in Building From Which Equipment Can Be Seen. It |

is suggested that the flocr elevation from which the equipment can be l

seen be entered into this column for use in sorting _ equipment for j
later walkdown. The Seismic Review Team should determine, |
during the plant walkdown, the actual plant elevation from which the '

equipment receives its seismic input (demand). j
,

.f
9 Room or Row and Column Number Designation Where Equipment is |

Located. .I
i

10 Type of Evaluation Needed f
'l

11 Note Number. The note number is optional. Notes can be used to j
document the reason why certain items of equipment were or were j
not included in the safe shutdown equipment list. *

14 Is Power Required to Attain or Maintain the Desired Operating State j
or Condition? (Yes or No) |

l

15 Reference Drawing Number for Supporting Power !
I

16 Power Source Identification Number for the Instrument i
!

!
!

I
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Step 12 - Ide'itify Instruments For Control |
t

!
The purpose of this step is to identify the essential process variables

which should be measured to control the operation of the equipment identified in Step 4. It is |
i

necessary to measure these equipment-related process variables in addition to the primary i

process variables identified in Step 1i for the reactor and reactor coolant system.

i

Note that only those process variables needed for controlling the' subject item of equipment need i
i

be identified. For example, it may be necessary to measure the level of water in a tank so that |

the operator (or an automatic control system) knows when the suction should be transferred to f
another tank. In this case, the tank level measurement is needed for the operation of a set of f
valves which connect the two tanks to the pump suction; tank level should be identified as an i

!

essential process variable for the operation of these valves. i

i

Note that this step only identifies the process variables to be measured; identification of the !

transmitters and indicators (or recorders) will be done during subsequent passes through this

procedure, it is necessary, however, to have an understanding of the available instruments in

the plant so that appropriate process variables can be identified.

Completion of this step should result in the following: |
i

!

Completed column (15), " Supporting System Drawing Number " in the SSEL with any fo

reference drawing number which identifies the instruments which can be used to l

measure the process variables. i
!

to Completed column (16), " Supporting Systems or Components," in the SSEL with the
}

name of each process variable to be measured for controlling the change in operating |
state of the equipment identified in Step 4. For example, entries in this column could [
be:

|
.

[

i
|

B

i
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RC P (Reactor coolant pressure) ]
l

SG A LVL (Steam generator A level) !
;

--(Equipment does not require any process variables !
to be measured to control its operation)

,

N/A (Not Applicable)
;

Step 13 - Is All Ecuipment identified? c

This step asks whether all the equipment (mechanical equipment, electrical equipment,

instrumentation, controls, tanks, and heat exchangers) have been identified which are needed to

acccomplish the safe shutdown function selected in Step 1. To answer this question, the !

schematic diagrams, being marked up in Step 4, should be reviewed to determine whether all the !

equipment has been identified.

.

Step 14 - Are All Power /hoport Systems Identified?

.i

This step asks whether all the individual items of equipment for power, control, instrumentation, j

and other supporting systems have been identined which are needed to accomplish the safe
~

shutdown function selected in Step 1.

i
.

One approach for systematically identifying all the equipment is to i

:

Grst identify all the equipment on the fluid system schematic diagrams
i

and enter them as line items in the SSEL. Next, trace all the [,

'

operating and control power equipment listed in column (16) using the electrical one-line !

diagrams and enter these as separate line items in the SSEL. Then, the transmitters and i
;

indicators (or recorders) should be identified from the list of process variables listed in column !
r

(16) of the SSEL. Finally, the equipment contained in any supponing systems listed in column |
r

- (16) of the SSEL should be added as additional line entries in the SSEL. This process of adding .

equipment to the SSEL should continue until all the equipment contained in the systems listed in

column (16) are entered as line items.

;

Note that it may be convenient to use separate tables for some of the |,
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'rspporting systems since they support -

.

unergency diesel generators could be need d fseveral safe shutdown functions. For example, the
nventory control function.

e

Using a separate SSEL for the supportior both the decay heat removal functithe need for repeating these entrie i on and the

s n several different tables.ng systems would eliminate

If additional equipment should be added
' item of equipment, and add it to th lito the SSEL, then go back to St

identified for accomplishing the safe sh d Ilowever, if all equipment and instrep 4, identify another
e st.

Step 15.
ut own function selected in Step 1 th uments have been

en continue on to
,

Sic 1Lic_ Alt.frimaryanJ_11adupMLCe id
\ n mil 2

This step asks whether both the prim
to accomplish the safe shutdowary and the backup equipment or train h
of equipmcat in the primary SSEL shn function selected in Step 1. To answave been identified

s

of equipment or another bakup trai ould be reviewed to determine whether this question, each item
n of equipment has been identified.er another backup item

If the backup equipment and instrum
select a backup safe shutdown alternativents have not been identified, then go b
SSEL for the backup equipment or traiNote that it may be convenient toack to Step 3 and

e.

color highlighter to distinguish betweenn and to mark the schematic drawings
use a separate

,

primary and backup. with a different

Jf the backup equipment and instruments have been identifi d f\

irimary safe shutdown alternative the e

n continue on to Step 16.or each item of equipment in the
,

TDlft. AIL 61EWLELLncijonligtkt djte

is step asks w hether all four of th

If they have not all been evaluatede safe shutdown functions have been ev l
|tdown equipment.

a uated for safe
her safe shutdown function to evaluate. then go back to Step 1 and select\ tion.

A new SSEL should be generated for thi
.

s new
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-

supporting systems since they support several safe shutdown functions. For example, the !
'5

emergency diesel generators could be needed for both the decay heat removal function and the
,

inventory control function. Using a separate SSEL.for the supporting systems would eliminate i

the need for repeating these entries in several different tables.

I

l

If additional equipment should be added to the SSEL, then go back to Step 4, identify another |
:

item of equipment, and add it to the list. However, if all equipment and instruments have been j

identified for accomplishing the safe shutdown function selected in Step 1, then continue on to
.

'

i
Step 15. '

'
.

! Steo 15 - Are Primary and Backuo Paths Considered?

I.

This step asks whether both the primary and the backup equipment or trains have been identified t

to accomplish the safe shutdown function selected in Step 1. To answer this question, each item

of equipment in the primary SSEL should be reviewed to determine whether another backup item

of equipment or another backup train of equipment has been identified.
:

i
'

If tne backup equipment and instruments have not been identified, then go back to Step 3 and :
:

'

select a backup safe shutdown alternati$ 0. Note that it may be convenient to use a septrate ;

!
SSEL for the backup equipment or train and to mark the schematic drawings with a different

'

color highlighter to distinguish between primary and backup. .

If the backup equipment and instruments have been identified for each item of equipment in the

. primary safe shutdown alternative, then continue on to Step 16.
,

Step 16 - Are All Four Functions Evaluated? i

i

This step asks whether all four of the safe shutdown functions have been evaluated for safe I

shutdown equipment. If they have not all been evaluated, then go back to Step 1 and select

another safe shutdown function to evaluate. A new SSEL should be generated for this new

function.

d

A-30 |
!

|

_._ _ .. _ _ . __



When the equipment for all four safe shutdown functions has been identified, then proceed to

Step 17.

Sten 17 - Develon Seismic Review SSEL '

!

!

The purpose of this step is to combine the various safe shutd3wn equipment lists, generated by !
i

repeated application of Steps 1 through 16, into a single safe shutdown equipment list which can i

be used as the basis for the seismic evaluation to be done in Section 4. This scismic review

SSEL should have only one line entry for each unique item of equipment. The SSELs generated

in Steps 1 through 16 typically contain some of the same equipment; this seismic review SSEL i

should climinate this duplication.
I

t

This seismic review SSEL should contain only equipment for which a Seismic review is >

identified in column (10).
!

||

The seismic review SSEL contains the following columns of information, as shown in Exhibit

A-3:

Column No. Column Description
'

!

1 Equipment Class (From Table 3-1) <

:
!

2 Train or Backup Component Designation i

t

3 Equipment identification Number (Plant Unique) {
.

'4 System Designation and Equipment Description

5 Building in Which Equipment is Located i

6 Floor Flevation in Building From Which Equipment Can Be Seen
.

7 Room or Row and Column Number Designation Where |
Equipment is Located |

!

Generating this seismic review SSEL can be done rather easily by using a computerized data

base management program. A data base program can also be used to generate subsets of this j

SSEL in which the equipment can be sorted by equipment class, by equipment ID number, by i

l

location in the plant, etc.
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( Stcrt )
4

1. PictI c 5cto Shutecwn function. |
4

|- 2. Identrey Poths Avoisotte. |
4

3. Pick o Pnmory/Bockuo Poth. }
} 6

a ic entify en item of Ecuipmeat. |
4

| S. Determine Locction in P&cnt. |
+

| 6 Deteimine No-m Stete. |
4

| 7. Cetermine Desereo Stcte. |

8. v e,
's Power Neeced ?

g

| 9. tcentify Power S ources. ]No

| 10. Icentifv Succortino Svstems. ':
4

|11. icentify instruments for function.|
4

| 12. Icentify instruments f or Controt. |

13."
is M Ecuicment

identifiec ?

Yes

14.
No Agg power / Support

Systems identified ?

Yes
.

15.
No Are Primory ond

Bockup Pcths
Consaderec ?

Yes

16.
No M M Four

runctaons Evoivoted *
,

3 Yes

| 17. Dewoo Seismic Recew SSEL |
,

\/
( stoo )

Figure A-10. Steps for identifying Safe Shutdown
Equipment.
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Exhibit A-3 Page No.

SAFE SHUTDOWN EQUIPMENT LIST (SSEL) !
-FOR SEISMIC WALKDOWN

-

,

Equip Equipment Floor !
Class Train ID Ntinber system /Envinment Description Blda. Elev. Room or Row / cot. 4

(1) (2) (3) (4) (5) (6) (7) ,

!

,

!

9

,

i
k

!

,

i

!

,l
!

T

,

f

,

_

,

4

b

I
i

..

;

I

e

i

|
4 5

!

!
t

--
,

i

I

i
>

I
i
!

!

!

I
t
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.

!
+

l
,

e

*

,-. - - - - , , , . . - -.-- c.



.

3xuHU Y-'t

d..a .. .
1 Vel lAr&3W ):.ridstm A 1151 11131I

s03 1311nf3 *v 3:3Sts 1811I40 )neicn31
)e sus.ne . ).demceo ) t sn I '

)302149 tA )triSdawa lC e W J(

]CP G saw/ ]Cm3Jaug g. 3gooJ

3iesi on la ,mJ nu sutaneres 3asmsniau sios a4.- e co. oJ s o-vei
..... .... ............... .... ....................................................... ..... ..... ....................

1 miM 56 09 58 33/100d sL2 3 cmc 39s33 s3tnun 11C A1 A 58 251 t A aG

94 041 C6+091 SU 13/100d sLZ 3CM03:113 5310:4 850 ATA d5101 st 2gL l A BG

38 oot C6 09J 13 13/13od sLZ 3OMC)g$}3 3]gnam l$Q A1A d(101 RS ?3L l A 3G

18 341 C6 093 53 33/100d sL( 3C33)g113 311n3m ISC A1 A 41101 3B TSL l A 3G

38 odA te 09# 53 13/1304 sni 3C:ls513 s11 nam ISC A1 A 41101 as 23L I A aG

4 m1# C6-LLs 13 13/1CCd s L L )w} 3 E 431 30M01413 3 33 T I N l$C ATA sLLL 38 269 t A 3G

35 min 14 LL3 sa 33/100d stt 1u33E4313 cmc 34513 4 nim 15C A1A d8101 aS 269 C4 LLS

18 nim 14 LLO 13 33/100d siL 3Ns31MA 309034533 33vig ISC A1A d8101 st 269 C6-LLS

4 mlA fo tif SU 33/1OOd stL lulsEs31 )CM034133 qn!M ISC A1A 8t12 83 269 t A 3G

28 wiM C6 423 53 13/100d sLL 1N3Em313CMcaN53133 TIM ISO A1A dilos as 269 C4 125

33 n!N 16 lZC 53 32/100d st41W33Em313cac3m533 QqiN ISC A1A 41101 IS 269 16 123
'

J min 16 L1# 53 13/1004 842 3N3sEs3132014533 3 nim ISC A1A stZL st 269 tA 3CDM
!

3f mlA 16 Lta 13 13/100d stI 1w13EN313CMcim113 03714 ISO A1A d8101 38 269 fo-nis |

ta wln 14 Ltc su 33/1cca sLg iw33En313cn:3ns13 33vis ISC ATA 4I101 35" Z69 te Ltp

4 NIN C6 178 53 33/100d 86( 1NsME313 CMC 3E113 3n!N ISC A1A #t2Z 3E Z69 lA 300M

lI WlM C4 413 33 33/13G4 SL( )D3EN313 CMC)4133 3niN 11C A1A d1101 38 269 16-tty

2# nim C4-tte tU 33/1004 stt 3msEn313cpc31713 onla ISC ^lA 48101 38 loS C6 tty

1V 0d1 90 0( SV 33$/3Cs1143va talit lam 33 ISC A1A GM Z9L N6

97 odi 70-02 51 333/303154311 ts13101/1 ISC A14 35 Zt4 13 3Cas33

9Y mlE 90 06 13 C$/3251 tdna 18131 14213 11C A1 A 08 29L m6

3v odI 70 tO ta CS/3331 tdni lalla lnm13 ISC ATA 4M Z91 uf 1

97 nim 70 64 33 01/3043 sdna 43131' lam 3'3 ISC A1A 4M 29L ug

1V odA 10 12 13 0 1/3031 tdni tsilt 001 LSC A1A 38 ZtL s1 3CJs13

66 0d8 91 21 air 141/113/83 401 tem 43alnins1 sat 43M 38 269 1g

66 041 tt 29 sSE 141/1801f14 401$CA 4l@i H 1n33 5A883E 38 269 19

66 44 11 2$ ASU 141/1lcriC dGISC. tled)3911al 57140 sO Z6g ig

te odA tL 21 esU 143/1lcric dotsCa 11m3 nan 33 5 Alt 3N 39 24$ s't

,sadeaap qA: sacoJ1 sena/tisaa 05 Zt 4C / 46*Z61$t
3ete sesa slla newa/3 eta /gisia: gwdL@1*388 / 05 Zt 60 / 06321:ti
tucav s g ge nwa/3eia/!!aat m nnIct*M0x / 05 Zt 60 / 06:Z4:5C

canap 4A tucav j;ta 3outauts: 3CwdlQ
gJqgjgsa g g y3 qggig g 44J$tQW M3$tgdJ1 AL 0



|

|
|

9 |
.

APPENDIX B

SUMMARY OF EQUIPMENT CLASS
DESCRIPTIONS AND CAVEATS

i

I

;

|

|

|

|

|

|
!

!

i
I

I

i
i

1

B-i



_

,

i
:

!

CONTENTS - APPENDIX B
;

;

Section Page ;
i
!

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .. B-1
|!

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

B.1 MOTOR CONTROL-CENTERS .. .... B.1-1 !..................

;

B.2 LOW VOLTAGE SWITCHGEAR . . . . . ... B.2-1................

B.3 MEDIUM VOLTAGE SWITCHGEAR . . . . . . . . . . .. . . . . . . . . . . 5 3- 1
.

:
!

B.4 TRANSFORMERS . . . . . . . . . . . . . . B.4-1 1............ . ....

:

B.5 HORIZONTAL PUMPS .. . .. ... B.5-1.... .... ...........

B.6 VERTICAL PUMPS . . . . . . . . . . . . . . .. .. . . .... . . ... .. .. B.6-l' ;

4

i
B.7 FLUID-OPERATED VALVES .... B.7-1 +

......... ............
i

B.8A MOTOR-OPERATED VALVES ...................B.8A-1 I.....
,

~a
!

B.8B SOLENOID-OPERATED VALVES . . . . . B . 8 B- 1 !.. . ....... ...

i
;

B.9 FANS .. ...................... .............B.9-1 .'
e

. . B.10-1 !B.10 AIR HANDLERS .. ..... .... .... ..........

i

B.ll CHILLERS ..B.ll-1 |................... ...............

t

B.12 AIR COMPRESSORS . . . . . . . . . ..............B.12-1 i.. ....

;
,

B.13 MOTOR-GENERATORS . B.13-1 ;...... ... . . ...... ....

i
B.14 DISTRIBUTION PANELS ....B.14-1 i..... . . ... .. .... .

:
!

B.15 BA'ITERIES ON RACKS . ... ........... .. .B.15-1 ?

-T
!

$B.16 BATTERY CHARGERS AND INVERTERS . . . . . . . . . . . . . . . . . . B .16- 1 i
y

L

tB.17 ENGINE-GENERATORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B .1 7- 1 !
!

!

B.18 INSTRUMENTS ON RACKS ................ ...... . . B.18-1 !

t

B.19 TEM PER ATU R E S ENS ORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.19- 1 ).
i

B.20 INSTRUMENTATION AND CONTROL PANELS AND CABINETS . . . B.20-1 |

|

:
!

B-ii

|
;



@
f

Appendix B

SUMMARY OF EQUIPS 1ENT CLASS DESCRIITIONS AND CAVEATS
;

INTRODUCTION

The purpose of this appendix is to summarize the descriptions of the equipment classes and the

inclusion and exclusion rules, also called caveats, which apply to the classes of equipment

determined to be seismically rugged based on earthquake experience data and generic seismic

testing data. The " equipment class descriptions" summarize the general parameters of this

equipment. The " caveats" identify the important characteristics and features which an item of

equipment should have in order to verify its seismic adequacy.

The procedure for using these class descriptions and caveats is covered in Section 4. Note,

however, that if equipment-specific seismic quali6 cation data is used instead of the earthquake

experience data or generic seismic testing data summarized in this appendix, then the equipment

should meet any specific restrictions applicable to that equipment-specific quali6 cation data

rather than the class descriptions and caveats in this appendix. ;

This appendix is organized by equipment class corresponding to the listing in Section 3, Table 3-

1. For each equipment class, the class description and the caveats applicable to the Bounding

Spectrum are given.

The c!ats descR nons and caveats summarized in this appendix are based on the information

contained in References 4,5, and 6. More details and photographs are given in References 4 j

and 6. Note that in some cases, clarifying remarks have been included in this appendix which

are not contained in the above reference documents. These clarifying remarks include such

things as the reason for including a particular caveat, the intent of the caveat, and recommended

allowables for stress analysis. These clarifying remarks are based on experience gained during

B-1
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!

the SQUG trial plant reviews and serve to help guide the Seismic Capability Engineers in

making judgment.

.

Note: The Seismic Capability Engineers should not use the summaries contained in this
,

appendix unless they have thoroughly reviewed and understand the above reference

documents. ,
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Equipment Class #1
Motor Control Centers

|

I

!'

B.1 MOTOR CONTROL CENTERS

J

'

The seismic capacity for the equipment class of motor control centers (MCCs) may be based on
.

earthquake experience data (as described in Section 4.2), provided the intent of each of the
:

caveats listed below is met. This equipment class includes control and electrical fault protection !

systems for motors powered at 600 volts or less (typically 480 volts). Motor controllers are !
i

mounted in sheet metal cubicles with controller cubicles typically assembled into stacks which |3
: ;

are lined up side-by-side and bolted together to form a motor control center. This equipment |

class includes motor controllers mounted in individual cubicles on racks or walls as well as j,

freestanding MCCs.
'

,

i

!

Individual motor controllers are normally mounted in a sheet metal box that can be removed j

from its cubicle in the motor control center. Motor controllers are arranged in vertical stacks or I

'

sections attached to each other within the MCC assembly. The individual components of the

motor controller are attached to the sides and rear face of the box. Motor controller cubicles
,

typically include the following types of components: molded case circuit breaker (or disconnect I

switch), magnetic contactors, a control transformer, fuses, push buttons, and pilot lights.
;
*

The motor controller cubicles are typically arranged in vertical stacks within an MCC assembly. [

Each stack is a separate sheet metal enclosure, usually reinforced at its corners by overlapped
,

t

sheet metal or steel angle framework. Stacks are bolted together through adjacent sheet metal ;
t

side walls or steel framework. :
:
I

!

r

>

|

I

1

e

!'
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!

Equipment Class #1 #

Motor Control Centers I

i

!
;

Motor control centers may be either single- or double-sided. Double-sided MCCs have !
!

controller cubicles on both the front and rear face of the cabinet, with vertical bus bars routed
!
!

through a center compartment between the front and rear stacks of controller cubicles. Single- |
5

sided MCCs typically route electrical connections through vertical raceways along the sides of 1
I

cach stack section.
[
i

i
Motor control centers may be either f:cestanding units or form part of a more complex

!
!

assembly. In many cases, MCCs are included in an assembly with switchgear, distribution !
;

panels, and/or transformers. Another alternative to the freestanding motor control center is the !

wall- or rack-mounted motor control cubicle. Within these cubicles, motor control components !,

are bolted to the inner faces of the wall in the same manner as in a small control or instrument !
!

cabinet. Access to the cubicle is usually through a swinging door that forms the front face of
;

the cubicle. I

|

MCC cabinet dimensions are generally standardized. Most MCC sections (stacks) are typically i

20 to 24 inches wide, and 90 inches tall. The depth of each section typically varies from about

18 to 24 inches. Typical weight of each section is less than about 650 pounds. !
:

i
t

MCC cabinets can weigh up to about 800 pounds per section for assemblies consisting of at leat {

two adjacent cabinet sections which are bolted together. Narrower depth MCC cabinets should
'

be top braced or attached to the wall.

!
!-

The construction of motor control centers is typically governed by industry standards such as ;
:

those developed by the National Electrical Manufacturers Association (NEMA) and :

iUnderwriters' l2boratories (UL) (e.g., NEMA ICS-6, UL-508). These standards define i

minimum sheet metal thickness as a function of wall area between reinforcement.
:
I

I

. Motor control center assemblies represented in the equipment class contain motor starters j
:
i

(contactors), disconnect switches, and, in some cases, over-current relays. They also contain j,

i

B.1-2 I
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Equipment Class #1 !
Motor Control Centers !

;

:

!
distribution panels, automatic transfer switches, and relay / instrumentation compartments, and '

include attachments such as junction boxes, conduit and cables. Motor contiollers are ;,

represented in a variety of mounting configurations ranging from individual mounted controllers t
'

;

to MCC assemblies in outdoor enclosures. '

The Bounding Spectrum (BS) represents the seismic capacity of a Motor Control Center (MCC)

if the MCC meets the intent of the following inclusion and exclusion rules. Note, however, that ' |

when the speci6c wording of a caveat rule is not met, then a reason for concluding that the
i

intent has been met should be provided on the SEWS.

!
MCC/BS Caveat 1 - Earthouake Experience Ecuinment Class. The MCC should be similar to
and bounded by the MCC class of equipment described above. The equipment class descriptions {
are general and the Seismic Capability Engineers should be aware that worst case combinations !

,

of certain parameters may not be represented in the generic equipment class. These worst case !
-

combinations may have reduced seismic capacity and should be carefully evaluated on a case-by- :
case basis. !,

i

j MCC/BS Caveat 2 - Rating of 600 V or Less. The MCC should have a 600 V rating or less. }
This is the upper limit voltage rating of MCCs in the earthquake experience equipment class.

MCC/BS Caveat 3 - Adiacent Cabinets Bolted Together. Adjacent cabinets which are close
enough to impact each other and sections of a multi-bay cabinet assembly should be bolted -
together if any of these cabinets contains relays. The concern addressed in this caveat is that j
unbolted cabinets could respond out of phase to one another and impact each other during an !

earthquake. This would cause impact loadings and high frequency vibration loadings which
could cause any impact-sensitive relays to chatter.

,

?

MCC/BS Caveat 4 - Externally Attached items Rigidiv Anchored. Externally attached items
should be rigidly attached to the cabinet. The concern addressed by this caveat is that these
items could impact the cabinet and possibly lead to relay chatter, or impact other components of j
the MCC as a seismic interaction hazard. As an example, some electrical cabinets have small, >

externally attached panels mounted on hinges to the main cabinet frame. During seismic motion
;

the externally attached panel may swing and cause significant impact loading to the electrical i

panel. |
i

MCC/BS Caveat 5 - General Configuration Similar to NEM A Standards. The general ;

con 6guration of the cabinets should be similar to those constructed to NEMA Standards. The |
'

MCC does not have to conform exactly to the NEMA standards but should be similar with j
i
,

B.1-3 i
;

!
!

|
;

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



_ _ ._.

:
.

Equipment Class #1 |
Motor Control Centers

!
!

regard to the gage of the steel, internal structure and support. This caveat is intended to i

preclude unusual designs not covered by the equipment dass (thin gage material, flimsy internal >

structure, etc.). In general, cabinets manufactured by the major manufacturers of MCCs |
' conform to this caveat if they have not been modified. |

i

MCC/BS Caveat 6 - Adeauate Anchorace. The unit should be properly anchored in accordance |
with the guidelines of Section 4.4. i

MCC/BS Caveat 7 - Any Other Concerns? The Seismic Capability Engineers should seek out !
suspicious details or uncommon situations not specifically covered by the caveats which could !

adversely affect the seismic capacity of the MCC as described in Section 4.3. i

|I

!
: :

,

,

i

!

!

i

,

;
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! :
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Equipment Class #1 ' j

Motor Control Centers i

!
i
|

I
regard to the gage of the steel, internal structure and support. This caveat is intended to

'

preclude unusual designs not covered by the equipment class (thin gage material, flimsy internal _
structure, etc.). In general, cabinets .uufactured by the major manufacturers of MCCs :

conform to this caveat if they have not been modified. {
;-

MCC/BS Caveat 6 - Adecuate Anchorace. The unit should b properly anchored in accordance f

with the guidelines of Section 4.4.
:
:

MCC/BS Caveat 7 - Any Other Concerns? The Seismic Capability Engineers should seek out j
suspicious details or uncommon situations not specifically covered by the caveats which could
adversely affect the seismic capacity of the MCC as described in Section 4.3.

I

t
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Equipment Class #2
,

Imw Voltage Switchgear
]
!
e

I
| :
i B.2 LOW VOLTAGE SWITCHGEAR

i

!

The seismic capacity for the equipment class of low vol: age switchgear (LVS) assemblies may be

based on earthquake experience data (as described in Section 4.2), provided the intent of each of Ii

the caveats listed below is met. This equipment class consists of one or more circuit breakers !
i

and associated control relays, instrumentation, disconnect switches, and distribution buses

mounted in a sheet metal enclosure. The term " low coltage switengear" is associated with

circuits of 600 volts or less, typically 440 to 480 volts in modern power plants and industrial

ffacilities.

,

Switchgear assemblies are composed of vertical sections which normally contain stacks of two to

four circuit breaker cubicles. The vertical section is a sheet metal enclosure welded to a j
:

framework of steel angles or channels. Each section includes a circuit breaker or other centrol !,

;

devices m a forward compartment and bus connections for the pnmary circuits in the rear [!.

,

; compartment. |

|- !
i

a !'

A section of a switchgear assembly is typically 90 inches in height and 60 inches in depth. The j

width of each section ranges from 20 to 36 inches, depending on the size of the circuit breaker it j,

contains. A typical section weighs about 2000 pounds. Individual sections are bolted together i

i
through adjoining walls to form an assembly. LVS assemblies normally include at least one '

1 t

cubicle that serves as a metering compartment. The compartment typically contains ammeters, |
!

~

| voltmeters, relays, and transformers. ;
:.

i

!
" Most low voltag wauit breakers are the drawout type. They are mounted on a roller / rail i

support s3 t... tu Gws them to be disconnected from their primary contacts at the rear, and f

drawn forward out of their sheet metal enclosure for maintenance. While in operation, the !
t.

: circuit breaker clamps to bus bars in the rear of the switchgear assembly. Additional positive [
,

- ,
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_ Equipment Class #2 ,

Low Voltage Switchgear !
.

:
!

.;
;
,

attachment of the breaker to its enclosure is made by a mechanical jack or racking mechanism ;

which slides the breaker in or out of its operating position. !

:

.I

The circuit breaker can include the following types of components: spring-actuated electric [
l

contacts, a closing solenoid, various types of tripping devices (overcurrent, shunt, under ;

;

voltage), fuses, and auxiliary switches. i

';
i
'Low voltage breakers may be combined in assemblies with transformers, distribution panels,
!medium voltage breakers, and motor controllers. Circuit breakers, relays, instrumentation, the

switchgear assembly enclosure, internal transformers, attachments such as junction boxes, and |
t

attached conduit and cables are included in the Low Voltage Switchgear equipment class. |

The Bounding Spectrum (BS) represents the seismic capacity of a Low Voltage Switchgear |
.

(LVS)if the switchgear meets the intent of the following inclusion and exclusion rules. Note, j
;

however, that when the specific wording of a caveat rule is not met, then a reason for ;,

concluding that the intent has been met should be provided on the SEWS. !

;
;

LVS/BS Caveat 1 - Earthquake Exoerience Eauipment Class. The low voltage switchgear
should be similar to and bounded by the LVS class of equipment described above. The
equipment class descriptions are general and the Seismic Capability Engineers should be aware :

'

that worst case combinations of certain parameters may not be represented in the generic
equipment class. These worst case combinations may have reduced seismic capacity and should |
be carefully evaluated on a case-by-case basis. :

LVS/BS Caveat 2 - Ratine of 600 V or Less. The low voltage switchgear should have a 600 V [
'

rating or less. This is the upper bound voltage rating of LVS in the earthquake experience
equipment class. -

LVS/BS Caveat 3 - Adiacent Cabinets Bolted Together. Adjacent cabinets which are close
enough to impact each other and sections of multi-bay cabinet assemblies should be bolted |
together if any of these cabinets contain relays. The concern addressed in this caveat is that :

unbolted cabinets could respond out of phase to one another and impact each other during an,
'

earthquake. . This would cause additional impact loadings and high frequency vibration loadings i

which could cause any relays to chatter.
!
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Equipment Class #2 ?

Low Voltage Switchgear
:

|

LVS/BS Caveat 4 - Externally Attached items Rigidly Anchored. Externally attached items ,

should be rigidly attached to the cabinet. The concern addressed by this caveat is that these
;

items could impact the cabinet and possibly lead to relay chatter, or impact other components of |
the switchgear as a seismic interaction hazard. As an example, some electrical cabinets have '

small, externally attached panels mounted on hinges to the mair cabinet frame. During seismic {
motion the externally attached panel may swing and cause significant impact loading to the ;

electrical panel. !

i
LVS/BS Caveat 5 - General Configuration Similar to ANSI C37.20 Standards. The general ;
configuration of the cabinets should be similar to those constructed to ANSI C37.20 Standards. !

The switchgear does not have to conform exactly to ANSI standards but should be similar with !
regard to the gage of the steel, internal structure and support. This caveat is intended to i
preclude unusual designs not covered by the equipment class (thin gagt material, flimsy internal ,

structure, etc.) In general, cabinets manufactured by the major manufacturers of switchgear :
conform to this caveat if they have not been modified.

:

LVS/BS Caveat 6 - Adecuate Anchoragt The unit should be properly anchored in accordance !
with the guidelines of Section 4.4.

P

LVS/BS Caveat 7 - Any Other Concerns? Seismic Capability Engineers should seek out
suspicious details or uncommon situations not specifically covered by the caveats which could ;

adversely affect the seismic capacity of the switchgear as described in Section 4.3. i

;

i

!

!

:
~!

!
!

!

!

I

i

i
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Equipment Class #3 |
Medium Voltage Switchgear

;

i

,

B.3 MEDIUM VOLTAGE SWITCHGEAR t

!

,

The seismic capacity for the equipment class of medium voltage switchgear (MVS) assemblies
,

may be based on earthquake experience data (as described in Section 4.2), provided the intent of
,

each of the caveats listed below is met. this equipment class consists of one or more circuit
,

F

breakers and associated control relays and instrumentation mounted in a sheet metal enclosure. -|
t

The equipment class includes electrical switching and fau!t protection circuit breakers for ;

systems powered between 2400 and 4160 volts. Medium voltage circuit breakers are mounted in, ,

a
sheet metal cabinets which are bolted together, side-by-side, to form a switchgear assembly,

i

Medium voltage circuit breakers or load interrupter switches are often integrated into unit :

substations that may include a transformer (typically 4160/480 volt), a set of low voltage>

<
>

'

switchgear, or a distribution switchboard. The switchgear assembly also may include internal
'

transformers, junction boxes, and attached conduit and cables. The basic component of a ;
'

medium voltage switchgear assembly is a metal-clad enclosure, typically containing a circuit

breaker compartment in a lower section and a metering compartment in an upper section. The
'

rear of the enclosure is a separate compartment for primary electrical connections. The

j enclosure consists of sheet metal panels welded to a supporting frame of steel angles or :
,

,

j channels. Individual enclosures are typically 90 inches in height and approximately 90 inches in i

depth. The width of an enclosure typically varies from 24 to 36 inches, depending on the size of !
3

c i

the circuit breaker within. The weight of a metal-clad enclosure ranges from 2000 to 3000
|

! pounds, with the circuit breaker itself weighing from 600 to 1200 pounds. !
:

1

] Electro-mechanical relays are mounted either to the swinging doors at the front of the enclosure, |
1 I
I or to the interior of the metering compartment. Relays are typically inserted through cutouts in |

|

the door and secured by screws through a mounting flange into the sheet metal. The metering*

compartment may also contain components such as ammeters, voltmeters, hand switches, and |
|

'small transformers.
:
.
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Equipment Class #3 I

' Medium Voltage Switchgear
;

;

.

:

The medium voltage circuit breakers commonly used in power plant applications include the [

drawout-type air-magnetic circuit breakers, and stationary load interrupter switches. Each type !

is discussed in this section.

.

Drawout, air-magnetic circuit breakers are mounted on rollers to allow them to be wheeled in [
and out of their individual sheet n etal enclosures. There are two general types of drawout .

;

circuit breakers: the horizontally-racked model and the vertically-racked model.

|

The horizontally-racked model has clamping bus connections at its rear. It is racked into !

operating position by a mechanicaljack that rolls the circuit breaker into contact with the bus !
t

connections at the rear of its enclosure and secures it in place. The weight of the circuit breaker i

i
rests on the floor. !

:

Vertically-racked circuit breakers roll into position within their enclosure and are then engaged

by a jack built into the walls of the enclosure. The jack lifts the circuit breaker several inches
'

above the floor, until the clamping connections atop the circuit breaker contact the bus

connections at the top of the enclosure. The weight of the circuit breaker is then supported on

the framework of the sheet metal enclosure. Lateral restraint of the circuit breaker should be |
provided by the cabinet framing and not solely by the jack lifts. .

i

Air-magnetic circuit breakers typically include the following types of components: spring- f
actuated contacts, tripping devices, auxiliary switches, and fuses. Typical capacities for medium i

o
voltage circuit breakers range from 1200 to 3000 amperes. |

I
i
i

Load interrupter switches perform the load connecting and interrupting function of circuit j
breakers, but do not include the same capabilitics of electrical fault protection. Interrupter '

!

switches are bolted into sheet metal enclosures and are therefore designated as stationary *

i

I
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Equipment Class #3 ;

Medium Voltage Switchgear .i
:

i

.

f

devices. Like air-magnetic circuit breakers, interrupter switches usually operate with spring-

actuated contacts to ensure quick opening of the primary circuit.

t
'

The Bounding Spectrum (BS) represents the seismic capacity of a Medium Voltage Switchgear

(MVS) if the switchgear meets the intent of the following inclusion and exclusion rules. Note, |
:

however, that when the specific wording of a caveat rule is not met, then a reason for

concluding that the intent has been met should be provided on the SEWS. I

'l
t

MVS/BS Caveat 1 - Earthquake Exoerience Eauioment Class. The switchgear should be similar
to and bounded by the MVS class of equipment described above. The equipment class<

descriptions are general and the Seismic Capability Engineers should be aware that worst case !

combinations of certain parameters may not be represented in the generic equipment class. [
These worst case combinations may have reduced seismic capacity and should be carefully

'

Ievaluated on a case-by-case basis.
,

i
MVS/BS Caveat 2 - Rating between 2.4 KV and 4.16 KV. The switchgear should have a rating !

between 2.4 KV and 4.16 KV. This is the typical voltage range of MVS of this earthquake ;
experience equipment class. :

MVS/BS Caveat 3 - Transformers Restrained from Relative Motion. Potential transformers '

and/or control power transformers mounted on the switchgear should have restraints that limit :

relative motion of the transformers to prevent damage or disconnection of contacts. In
particular, trunnion mounted tra'nsformers should have positive vertical restraint to keep the ,

trunnion pin in its cradle. Positive vertical restraint of the trunnion pin is not required if the ,

seismic demand at the base of the switchgear cabinet is less than or equal to about 1/2 of 1.5 x
Bounding Spectrum, i.e., less than 0.75 x Bounding Spectrum. |

>
t

!MVS/BS Caveat 4 - Adiacent Cabinets Bolted Together. Adjacent cabinets which are close*

'

enough to impact each other and sections of multi-bay cabinet assemblies should be bolted j|
together if any of these cabinets contain relays. The concern addressed in this caveat is that ;

unbolted cabinets could respond out of phase to one another and impact each other during an i

'

earthquake. This would cause additional impact loadings and high frequency vibration loadings j
which could cause the relays to chatter. ,

|
-

MVS/BS Caveat 5 - Externally Attached items Ricidiv Anchored. Externally attached items !
should be rigidly attached to the cabinet. The concern addressed by this caveat is that these !
items could impact the cabinet and possibly lead to relay chatter or impact other components of

'

the switchgear as a seismic interaction hazard. As an example, some electrical cabinets have
,

i

'
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Equipment Class #3 i
Medium Voltage Switchgear

:

small, externally attached panels mounted on hinges to the main cabinet frame. During seismic !

motion the externally attached panel may swing and cause significant impact loading to the
electrical panel. j

t

MVS/BS Caveat 6 - General Configuration Similar to ANSI C37.20 Standards. The general !

configuration of the cabinets should be similar to those constructed to ANSI C37.20 Standards.
The switchgear does not have to conform exactly to ANSI standards but should be similar with |
regard to the gage of the steel, internal structure and support. This caveat is intended to |
preclude unusual designs not covered by the equipment class (thin gage material, Dimsy internal !
structure, etc.). In general, cabinets manufactured by the major manufacturers of switchgear !
conform to this caveat if they have not been modified. !

I,

MVS/BS Caveat 7 - Adequate Anchorage. The unit should be properly anchored in accordance
'

,

with the guidelines of Section 4.4.

MVS/BS Caveat 8 - Any Other Concerns? Seismic Capability Engine -.R seek out !
suspicious details or uncommon situations not specifically covered by the . . ... which could i

4 adversely affect the seismic capacity of the switchgear as described in Section 4.3. .;

!
1

:

i

,

i
I
t

!

!

f

i

1

1

:
1

!
!
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Equipment Class #4 |
Transformers |

1
- i

!

B.4 TRANSFORMERS i
r

i

The seismic capacity for the equipment class of transformers (TRN) may be based on earthquake !

experience data (as described in Sction 4.2), provided the intent of each of the caveats listed -

below is met. This equipment class includes the unit substation type, typically 4160/480 volts,

and the distribution type, typically 480/120 volts. Main power transformers with primary {
voltages greater than about 13,800 volts are not included in this equipment class. Small f

r

transformers that are components of electrical equipment, such as motor control centers or {
.

control panels, are also not included in this equipment class but are addressed as components of j

other classes of electrical equipment. j
- i

i

Unit substation transformers step power down from the medium voltage levels (typically 4160 '

volts for use in large mechanical equipment) to lower voltage levels (typically 480 volts) for use j
in smaller equipment. Distribution transformers usually step power from the 480 volt level to i

.

the 120 to 240 volt level to operate small mechanical equipment, battery chargers, or lighting

systems. !.

I

i
iUnit substation transformers included in the equipment class can be freestanding or attached to

motor control centers or switchgear assemblies. They typically have primary voltages of 2400 to [
1

4160 volts, and secondary voltages of 480 volts. This transformer type may be either liquid- or j
-

i

air-cooled. Liquid-cooled units typically consist of a rectangular steel tank filled with oil or a |
t

similar insulating fluid. The transformer coils are submerged in a liquid bath which provides i
,

cooling and insulation within the steel tank casing. . Most liquid-filled transformers have one or4

f
more radiator coils attached to the side of the transformer, j

.

Air-cooled or dry-type unit substation transformers are similar in size and construction to liquid- f
r

cooled units, except the transformer coils are mounted in a ventilated steel enciosure, rather than . j
r

!
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Equipment Class #4 !
Transformers

!
!

!

!
;

a liquid bath. Larger air-cooled unit substation transformers may have small fans nsounted to
!

their enclosures for forced air cooling. .i
:
t

i

The casings of both liquid-cooled and air-cooled unit substation transformers have typical overall j
dimensions of 60 to 100 inches in height, and 40 to 100 inches in width and depth. The weights

!.

of these units rang.e from 2000 to 15,000 pounds. r

i

:

Distribution transformers typically have primary voltages of 480 volts stepping down to

secondary voltages of 120 to 240 volts. This type of transformer is almost always air-cooled.

The construction of distribution transformers is essentially the same as that of unit substation {
transformers, except for a difference in size. The sizes of typical distribution transformers range

from small wall-mounted or cabinet-mounted units that have overall dimensions of about 10 i

!
inches in height, width, and depth, and weights of 50 to 100 pounds; to larger units that are ;

typically floor-mounted with dimensions ranging up to the size of unit substation transformers [
and weights ranging up to 5000 pounds. ;

i

I
'

The transformer equipment class includes the enclosure along with the internals and attached
,

cable and conduit.

!
i

I
The Bounding Spectrum (BS) represents the seismic capacity of a Transformer (TRN) if the-

|

transformer meets the intent of the following inclusion and exclusion rules. Note, however, that i

|when the specific wording of a caveat rule is not met, then a reason for concluding that the ;

!
intent has been met should be provided on the SEWS.

!

TRN/BS Caveat 1 - Earthquake Experience Equioment Class. The transformer should be similar
to and bounded by the TRN class of equipment described above. The equipment class
descriptions are general and the Seismic Capability Engineers should be aware that worst case . '

combinations of certain parameters may not be represented in the generic equipment class. t
'These worst case combinations may have reduced seismic capacity and should be carefully

evaluated on a case-by-case basis. ;

i
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:

!

TRN/BS Caveat 2 '- Rating of 4.16 KV'or Less. The transformer should have a 4.16 KV rating i

or less. This is the upper bound voltage rating of transformers included in the earthquake
experience equipment class.

TRN/BS Caveat 3 - Transformer Coils Positively Restrained Within Cabinet. For floor-mounted -

dry and oil-type units, the transformer coils should be positively restrained within their cabinet
so that relative sliding and rocking motions between the transformer coil and their cabinet is kept

.

to an acceptable level. The concern is that excessive relative motions may damage the wiring {
yoke, or that the coils may come in contact with their cabinet which may result in a short circuit
or damage to the electrical insulation. This caveat especially applies to transformers whose
installation procedure recommends that bolts used to anchor the coils during shipping be [
removed. If the unit is factory-sealed or constructed so that removing shipping anchors is :

precluded, no internal inspection is necessary.
,

t

TRN/BS Caveat 4 - Coils Too Braced or Analy7ed for I;irge Transformers. Large transformers '

of 750 kVA or larger should also have the top of the coils braced by a structural frame or should ;

be analyzed for adequate restraint. If the unit is factory-sealed or constructed so that removing [
shipping anchors is precluded, no internal inspection is necessary.

'

TRN/BS Caveat 5 - Clearance Between Enercized Comoonent and Cabinet. For 750 kVA ;

transformers and larger, there should be at least a 2-inch gap between the energized component
and the upper portion of the transformer cabinet. If the gap is less than 2 inches, it should be i

verified by analysis that there is sufficient gap and/or there should be provisions for relative
lateral displacement to preclude contact between the energized component and the cabinet. The |
concern is that without adequate clearance, transformers could be shorted out during the i

earthquake and thereby rendered inoperable. L

!

TRN/BS Caveat 6 - Adequate Slack in High Voltage Leads. For 750 kVA transformers and :

larger, the connection between the high voltage leads and the first anchor point should
accomodate at least a 3-inch relative displacement, or should be analyzed for adequate slack for
relative displacement.

i

TRN/BS Caveat 7 - Wall-Mounted Units Anchored Close to Enclosure Support. The
transformer coil contained in wall-mounted units should have engineered anchorage and be

'

anchored to its enclosure near the enclosure support surface. The concern is that a well-
'

engineered load path should exist for carthquake loadings from the transformer coil (which is
relatively massive), through the enclosure, and to the enclosure support. If the transformer coil

iis not anchored to the enclosure near the enclosure support surface, a calculation can be
performed to show that the earthquake loadings can be transferred to the anchorage.

TRN/BS Caveat 8 - Adjacent Cabinets Bolted Together. Adjacent cabinets which are close
enough to impact each other, and sections of multi-bay cabinet assemblies should be bolted -

i
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i

!

together if any of these cabinets contains relays. The concern addressed in this caveat is that-
unbolted cabinets could respond out of phase to one another and cause impact loadings and high |

lfrequency vibration loadings which could cause any impact sensitive relays to chatter.

TRN/BS Caveat 9 - Adecuate Anchorage. The unit should be properly anchored in accordance !
with the guidelines of Section 4.4.

,

TRN/BS Caveat 10 - Any Other Concerns? Seismic Capability Engineers should seek out ;

suspicious details or uncommon situations not specifically covered by the caveats which could ';
adversely affect the seismic capacity of the transformer as described in Section 4.3. ;

:

.|
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Equipment Class #5
Horizontal Pumps

,

B.5 HORIZONTAL PUMPS !
,

!

,

The seismic capacity for the equipment class of Horizontal Pumps (HP) may be based on

earthquake experience data (as described in Section 4.2), provided the intent of each of the

caveats listed below is met. This equipment class includes all pumps commonly found in power !

plant applications which have their axes aligned horizontally. The class includes pumps driven

by electric motors, reciprocating piston engines, and steam turbines. The common peripheral

components such as conduit, instrumentation, and suction and discharge lines up to their first
'

support on the building or nearby structure are included in this equipment class.
;

. !

Pumps can generally be categorized as either kinetic (rotary impeller) or positive displacement '

types. Kinetic pumps move fluid using the kinetic energy of a rotating impeller. Positive i

displacement pumps move fluid by volumetric displacement. ;

Single-stage kinetic pumps typica'ly include a single impeller that moves fluid primarily by j

centrifugal force. The suction port is normally mounted along or near the impeller axis, and the

discharge port is mounted near the periphery. Pumps may range in size from fractional ;

horsepower units, with capacities of a few gallons per minute (gpm), to units requiring several

thousand horsepower, with capacities of tens of thousands of gpm. !

:
Multi-stage kinetic pumps include two or more impellers working in series on a single shaft.

Depending on the impeller design, multi-stage pumps move fluid using either centrifugal force

toward the periphery of the impeller, or propeller force along the axis of the impeller. The
'

impeller is surrounded by a stationary casing or volute that directs the flow from the discharge

of one impeller to the intake of the next.

I
Kinetic pumps are usually powered by electric motors with the pump and motor sharing the

i

same shaft through a close-coupled connection. Larger multi-stage pumps sometimes couple the l

motor and pump through a gearbox, which allows the pump and motor to turn at different

B.5-1
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' Horizontal Pumps

speeds. Single-stage pumps are occasionally belt-driven, with the motor mounted to the side, or

even atop the pump casing. Smaller, single-stage pumps sometimes mount the motor and

impeller within the same casing. Larger pumps, both single- and multi-stage, normally have the

motor and pump in separate casings, with both casings anchored to the same steel skid. Kinetic- i

pumps may also be powered by engines or steam turbines. I
!

Reciprocating-piston positive displacement pumps are similar in design to reciprocating-piston air

compressors. They include an electric motor that powers a set of piston impellers through a

shaft or belt connection. The piston impellers are usually mounted within a cast block that also>

,

l

contains the piston crank shaft and valve mechamsm.

Rotary-screw positive displacement pumps are somewhat similar to multi-stage kinetic pumps, -j

except that the screw impeller moves fluid axially through volume displacement rather than |

through a transfer of kinetic energy from the impeller to the fluid. The screw impeller is .i
!normally powered by an electric motor through a close-coupled shaft.

Kinetic and positive displacement horizontal pumps driven by electric motors, engines, and

turbines are represented in the range from 5 to 2300 hp and 45 to 36,000 gpm. Submersible
.

pumps are not included in this equipment class.,

t,

The Bounding Spectrum (BS) represents the seismic capacity of a Horizontal Pump (HP) if the |

pump meets the intent of the following inclusion and exclusion rules. Note, however, that when f,

the specific wording of a caveat rule is not met, then a reason for concluding that the intent has |
!

been met should be provided on the SEWS.

,

HP/BS Caveat 1 - Earthquake Exoerience Eauioment Class. The horizontal pump should be
similar to and bourJed by the HP class of equipment described above. The equipmem class
descriptions are general and the Seismic Capability Engineers should be aware that worst case ;

combinations of certain parameters may not be represented in the generic equipment class. j
f These worst case combinations may have reduced seismic capacity and should be carefully ;

evaluated on a case-by-case basis. |

!
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.

4

HP/BS Caveat 2 - Driver and Pumn on Ricid Skid. The driver and pump should be connected .

by a rigid base or common skid. The concern is that differential displacement between the pump
,

' and driver may cause shaft misalignment. If they are not mounted on a rigid skid, the potential
.

!

for differential displacement between the driver and pump should be specially evaluated.
i

HP/BS Caveat 3 - Thrust Bearings in Both Axial Directions. Thrust restraint of the shaft in both !
axial directions should exist. The concern arose from shake table testing on pumps without !
thrust bearings that performed poorly. In general, pumps from U.S. manufacturers have such .!
axial thrust restraint so that explicit verification is not necessary; however, any indication to the !

contrary should be investigated. ;

!

HP/BS Caveat 4 - Base Vibration Isolation System Checked. If the unit is mounted on vibration - .

isolators, the adequacy of the vibration isolators for seismic loads should be evaluated in j
accordance with Section 4.4 !

!
HP/BS Caveat 5 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and !

flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line ~i

breach due to differential seismic displacement of the equipment and the line's nearest support. j

Sufficient slack and flexibility of lines is also considered in the seismic interaction review .

(Section 4.5).
;

HP/BS Caveat 6 - Adecuate Anchorage. The unit should be properly anchored in accordance 1

with the guidelines of Section 4.4.

HP/BS Caveat 7 - Any Other Concerns? Seismic Capability Engineers should seek out '

suspicious details or uncommon situations not specifically covered by the caveats which could .

adversely affect the seismic capacity of the pump as described in Section 4.3. !

!
.

;

I
t
;

|
6

?

u,

1
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JEquipment Class #6

Vertical Pumps

i
,

,

i

B.6 VERTlCAL PUMPS
.;
1

;

IThe seismic capacity for the equipment class of Vertical Pumps (VP) may be based on

earthquake experience data (as described in Section 4.2), provided the intent of each of the I

~

caveats listed below is met. This equipment class includes pumps with the impeller drive shaft ;

mounted in a vertical (as opposed to horizontal) direction. Vertical pumps are typically powered -|

; by an electric drive motor, vertically aligned, and mounted atop a steel or cast-iron support

frame that is anchored to a concrete base pad. j
!

;
r

The two general types of vertical pumps represented in the earthquake experience equipment

class are deep-well pumps and centrifugal pumps. Motor sizes range from 5 to 7000 hp and ]
9

flow rates range from 95 to 16,000 gpm. |'

:
:
.

Deep-well turbine type pumps have the pump impeller attached to the bottom of a long vertical I

drive shaft extending beneath the pump base plate. The pump drive shaft is enclosed in a steel :[
or cast iron casing which extends below the pump base p' ate. The pump impeller is mounted in .

.>
a contoured housing or bowl at the base of the casing. The caring or suction pipe is immersed ' i

:

in a well and opened at the bottom for fluid inlet. |
:

t
A variation of the deep-well turbine pump is the can-type pump. The casing that encloses the. !

!

impeller drive shaft is, in turn, enclosed by an outer casing or can. Fluid feed to the pump {
,

flows through an inlet line, usually mounted in the support frame above the pump base plate. |

~

The can forms an annular reservoir of fluid that is drawn into the impeller at the base of the

inner casing. .

i

Deep-well pumps range in size from fractional horsepower units to pumps of several thousand !
i

horscpower. The casings, cantilevered below the base plate, hav: typical lengths of 10 to 20 ;

i'
,

B.6-1
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Vertical Pumps

.!
;

i
!

feet. The most massive component of the pump is normally the drive motor, which may weigh - i

several tons, i

:

Sink;1e-stage centrifugal pumps are configured with the impeller mounted above the base plate, ;

directly beneath the drive motor. The impeller is housed in a casing that is usually part of the
i

support frame for the drive motor. Instead of drawing fluid from a well or can beneath the j
pump base plate, the fluid inlet is a piping attachment aligned with a centerline of the impeller*

;

drive shaft. The discharge line is tangential to the periphery of the centrifugal impeller casing. f
Smaller centrifugal pumps are sometimes mounted directly on the piping system they serve.

,

,

,

The pump, drive motor, associated instrumentation and controls attached to the pump, and j

attached piping and conduit up to their first support on the building or nearby structure are ;

:-

included in the vertical pump equipment class. The equipment class does not include f
i

submersible pumps.
,

:

i:

iThe Bounding Spectrum (BS) represents the seismic capacity of a Vertical Pump (VP) if the
i

pump meets the intent of the following inclusion and exclusion rules. Note, however, that when i
1

the specific wording of a caveat rule is not met, then a reason for concluding that the intent has |
,

been met should be provided on the SEWS. !

!

:
1

|
~!

!

!

i

i
I
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|

i

|,

VP/BS Caveat 1 - Earthauake Experience Eauipment Class. The vertical pump should be |
similar to and bounded by the VP class of equipment described above. The equipment class

'

descriptions are general and the Seismic Capability Engineers should be aware that worst case :

combinations of certain parameters may not be represented in the generic equipment class.. ,

These worst case combinations may have reduced seismic capacity and should be carefully -!
evaluated on a case-by-case basis.

!

VP/BS Caveat 2 - Cantilever 1moeller Shaft Less Than 20 Feet Long. The impeller shaft and
casing should not be cantilevered more than 20 feet below the pump mounting Dange. This type

'{

of cantilever vertical pump should have a radial bearing at the bottom of the casing to support
the impeller shaft. Twenty (20) feet represents the upper bound length of cantilever shafts of
vertical pumps in the earthquake experience equipment class. The concern is that pumps with

'

longer lengths may be subject to misalignment and bearing damage due to excessive lateral !

loads, damage to the impeller due to excessive displacement, and damage due to interfloor
'

displacement on multi-floor supported pumps. Either individual analysis or use of another
method as a means of evaluating vertical pumps should be used when the shaft cantilever length
exceeds 20 feet. The evaluation should address the concerns of excessive shaft and casing - i

stresses and deDection of the impeller drive shaft.

VP/BS Caveat 3 - Sufficient Slack and Flexibility of Attached Lines Sufficient slack and
Dexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line
breach due to differential seismic displacement of the equipment and the line's nearest support. ;

Sufficient slack and Dexibility of lines is also considered in the seismic interaction review
,

(Section 4.5). !

i

VP/BS Caveat 4 - Adequate Anchorage. The unit should be properly anchored in accordance
with the requirements of Section 4.4

t

!

VP/BS Caveat 5 - Any Other Concerns? Seismic Capability Engineers should seek out [
suspicious details or uncommon situations not specifically covered by the caveats which could

'

adversely affect the seismic capacity of the pump as described in Section 4.3.
;

!

,

!

l.
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Fquipment Class #7
Fluid-Operated Valves

!

:

!
B.7 FLUID-OPERATED VALVES

!

!

The scismic capacity for the equipment class of Fluid-Operated Valves (FOV) may be based on j

earthquake experience data (as described in Section 4.2), provided the intent of each of the !

caveats listed below is met. This equipment class includes a wide diversity of valve sizes, types, '

and applications, which are actuated by air, water, or oil. Liquid-operated (i.e., hydraulic) :
i

piston valves are not included in the FOV class of equipment because they have not been.

reviewed in sufficient detail to be included.
|
!

,

The main types of fluid-operated valves are diaphragm-operated, piston-operated, and pressure

relief valves. The most common type of fluid-operated valve found in power plant applications ,

is a spring-opposed, diaphragm-operated pneumatic valve. The bell housing contains a !
diaphragm (usually a thin, steel membrane) which forms a pressure barrier between the top and

bottom sections of the housing. The position of the actuated rod (or valve stem) is controlled by

a return spring and the differential pressure across the diaphragm. The actuated rod position, in

turn, controls the position of the valve. A yoke supports the bell housing and connects it to the

valve body. A solenoid valve or, on larger valves, a pneumatic relay controls the air pressure
|

'

difference across the diaphragm. This solenoid valve or pneumatic relay is often mounted

directly to the operator yoke.
:

i

Piston-operated valves are similar to diaphragm-operated valves, with a piston replacing the

diaphragm as the valve actuator. The piston typically acts in opposition to a spring to control .

the position of the valve.
i.

!
Pressure relief valves are also included in this equipment class. Pressure relief valves balance ,

i
confm' ed fluid pressure against the force of a spring. The actuating force in a pressure relief

valve is supplied by the fluid that is confined by the valve. Fluid-operators are typically f
cantilevered either above or to the side of the valves they serve. The valve and actuator can

2
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!
,

form a continuous body, or ihe actuator can be attached to the valve through a Danged, threaded,

or ring clamp connection. '

.
i

The valve, the operator, the inlet and outlet lines up to their first support on the building or

nearby structure, and peripheral attachments (air lines, pneumatic relays, control solenoids, and
,

conduit) are included in the Fluid-Operated Valve equipment class. The valve may be of any
,

i
type, size, or orientation. t

The Bounding Spectrum (BS) represents the seismic capacity of a Fluid-Operated Valve (FOV) if
~i

the valve meets the intent of the following inclusion and exclusion rules. Note, however, that

when the specific wording of a caveat rule is not met, then a reason for concluding that the i

intent has been met should be provided on the SEWS.

t.

FOV/BS Caveat 1 - Earthauake Experience Eauipment Class. The valve should be similar to ;

and bounded by the FOV class of equipment described above. The equipment class descriptions
are general and the Seismic Capability Engineers should be aware that worst case combinations
of certain parameters may not be represented in the generic equipment class. These worst case i

combinations may have reduced seismic capacity and should be carefully evaluated on a case-by- ~;
case basis. '

:
e

FOV/BS Ca_ygat 2 - Suf0cient Slack and Flexibility of Attached Lines. SufGeient slack and ~

Ocxibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line.

breach due to differential seismic displacement of the equipment and the line's nearest support.
Sufficient slack and Dexibility of lines is also considered in the seismic intera. .sn review I

(Section 4.5).

FOV/BS Caveat 3 - Any Other Concerns? Seismic Capability Engineers should seek out !
suspicious details or uncommon situations not specifically covered by the caveats which could i,

adversely affect the seismic capacity of the valve as described in Section 4.3.

i

!

t

!
.
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. Equipment Class #8A
Motor-Operated / Valves -

:
!
'

B.8A MOTOR-OPERATED VALVES
t

i

'
The seismic capacity for the equipment class of Motor-Operated Valves (MOV) may be base.i on.

carthquake experience data (as described in Section 4.2), provided the intent of each of the i

caveats listed below is met. This equipment class includes a wide diversity of sizes, types, and |

applications.
!
,

Components of a motor-operated valve include a motor operator with a control box, gear box,

and drive motor. The gear box includes the gears which link the valve actuation to the drive f
motor shaft. Iocal controls typically include a relay for actuating the primary circuit to the !

i

motor, and torque and limit switches for coordinating the drive motor and the valve position.

Valve operators may have a local motor controller built into the operator housing. The valve

may have a local motor controller built into the operator housing. The valve actuator shaft

typically passes through the steel support frame or yoke. The valve which is actuated by a {
Imotor operator may be of any type, size, or orientation.
i
|

Motor operators may be mounted in any position (e.g., cantilevered vertically above, below, or i

to the side of the valve). the yoke, which connects the operator to the valve body, may take the

form of a steel pipe enclosing the actuator shaft or a frame of welded beams. The attachments j

of the motor-gearbox to the yoke and the yoke to the valve are typically bolted flange :
;

connections, threaded connections, or ring clamps. In some applications, motor operators are
'

mounted at a remote location above the valve.
J

|

Solenoid operators are smaller and lighter than motor operators. Solenoid-operated valves are I

actuated by passing an electrical current through a coil, thereby creating a magnetic field which

B.8 A-1
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!
;

;

|
!

opens or closes the valve. Solenoid operators are generally more compact than motor operators j

with less of a cantilevered mass supported from the valve body. In addition, solenoid-operated I

valves are typically mounted on smaller diameter lines than MOVs. |
\

i
t

The equipment class of motor-operated valves includes all valves actuated by an electric motor. j

The valve, the operator, and the inlet and outlet lines and attached conduit up to their first !

support on the building or nearby structure are included in the Motor-Operated Valve equipment i

i
class.

'

:
;

'
The Bounding Spectrum (BS) represents the seismic capacity of a Motor-Operated Valve (MOV)

|
if the valve meets the intent of the following inclusion and exclusion rules. Note, however, that

)

when the specific wording of a caveat rule is not net, then a reason for concluding that the intent |
1

has been met should be provided on the SEWS.

i
;

4
-

MOV/BS Caveat 1 - Earthauake EmeriencLEcuinment Class. The valve should be similar to ;
~

and bounded by the MOV class of equipment described above. The equipment class descriptions
are general and the Seismic Capability Engineers should be aware that worst case combinations

;

of certain parameters may not be represented in the generic equipment class. These worst case !

combinations may have reduced seismic capacity and should be carefully evaluated on a case-by- t

case basis. !-

,

I

MOV/BS Caveat 2 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and i

flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line !,

breach due to differential seismic displacement of the equipment and the line's nearest support. ;
"

Sufficient slack and flexibility of lines is also considered in the seismic interaction review
(Section 4.5). !

:

MOV/BS Caveat 3 - Any Other Concern 32 Seismic Capability Engineers should seek out {
suspicious details or uncommon situations not specifically covered by the caveats which could
adversely affect the seismic capacity of the valve as described in Section 4.3.
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Solenoid-Operated / Valves ;
i

!
'

;

fB.8B SOLENOID-OPERATED VALVES

.

The seismic capacity for the equipment class of Solenoid-Operated Valves (SOV) may be based |
,

on earthquake experience data (as described in Section 4.2), provided the intent of each of the '

,

i

caveats listed below is met. This equipment class includes a wide diversity of sizes, types, and -!
"

applications.

i
Solenoid operators are smaller and lighter than motor operators. Solenoid-operated valves are ;

i
actuated by passing an electrical current through a coil, thereby creating a magnetic field which '

'

opens or closes the valves. Solenoid operaturs are generally more compact than motor operators

with less of a cantilevered mass supported from the valve body. In addition, solenoid-operated
!

valves are typically mouated on smaller diameter lines than MOVs.
,

!

i
The equipment class of solenoid-operated valves includes all valves actuated by a solenoid. The .|,

| valve, the operator, and the inlet and outlet lines and attached conduit up to their first support on [
the building or nearby structure are included in the Solenoid-Operated Valve equipment class. f,

j

:

The Bounding Spectrum (BS) represents the seismic capacity of a Solenoid-Operated Valve
,

(SOV)if the valve meets the intent of the following inclusion and exclusion rules. Note,

however, that when the specific wording of a caveat rules is not met. then a reason for

concluding that the intent has been met should be provided on the SEWS. f
.

i !

i

SOV/BS Caveat 1 - Earthauake Experience Eauipment Class. The valve should be similar to j
1-

and bounded by the SOV class of equipment described above. The equipment class descriptions ;
'

are general and the Seismic Capability Engineers should be aware that worst case combinations !

of certain parameters may not be represented in the generic equipment class. These worst case !
'

combinations may have reduced seismic capacity and should be carefully evaluated on a case-by- !

case basis.
:

I

SOV/BS Caveat 2 - Sufficient Slack and Flexibility of Attached Lines. '|
'

;

f:B.8B-1
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Equipment Class #8B ]
Solenoid-Operated / Valves

i
1

Sufficient slack and flexibility should be present in attached lines (e.g., cooling, air, electrical)
to preclude a line breach due to differential seismic displacement of the equipment and the line's ;

nearest support. Sufficient slack and flexibility of lines is also considered in the seismic ;

interaction review (Section 4.5). .!

SOV/BS Caveat 3 - Any Other Concerns? Seismic Capacity Engineers should seek out
..

suspicious details or uncommon situations not specifically covered by the caveats which could j
adversely affect the seismic capacity of the valve as described in Section 4.3. ,

:

!
!

:

:

!

. ' ,..

!

!
:
i
i

!
,

;

!

!

!
:
:

:
!

,

!

|
'I
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Equipment Class #9 !
Fans

i

e

B.9 FANS '

1

i

The seismic capacity for the equipment call of Fans (FAN) may be based on earthquake
Iexperience data (as described in Section 4.2), provided the intent of each of the caveats listed

below is met. This equipment class includes both freestanding and duct-mounted fans. Fans !
!

that are components of other classes of equipment such as air handlers are handled by other !
irespective equipment classes and need not be specifically evaluated here. Blowers and
:

exhausters are included in this equipment class. |
"

:

Typical differential pressures for fans range from 1/2 inch to 5 inches of water. Some j
centrifugal fans can have differential pressures ranging up to 12 inches of water. Air flow rates !

- i

typically range from less than 1000 cubic feet per minute (cfm) to flows on the order of 50,000 !
1

i
cfm. Corresponding fan drive motors typically range from I hp to 200 hp. Typical weights of i

fan units range from 100 to 1000 pounds, depending on capacity and design details. The two j

basic types of fans in this equipment class include axial fans and centrifugal fans. !

Axial fans are used in relatively low pressure applications such as building HVAC systems or
,

4 !

cooling towers. Propeller fans and vane-axial fans are the two major types of axial fans. ;

Propeller axial fans consist of two or more blades assembled on a central shaft and revolving |
. -

iwithin a narrow mounting-ring. Propeller fans are often mounted to a wall or ceiling. Vane-

axial fans have an impeller wheel, typically with four to eight blades, mounted to a central shaft
|

within a cylindrical casing. Vane-axial fans are generally used in higher pressure, higher flow |
:

!applications than propeller fans. Vane-axial fans include a set of guide vanes mounted either
'

i

j before or after the impeller that streamline the air flow for greater efficiency. A variation of I

vanc-axial design is the tube-axial fan, which includes the higher pressure impeller wheel ||

1

mounted within a cylindrical casing, but without the provision of vanes. j
i

,

Certain axial fan designs include multiple impellers for increased pressure boost. Axial-flow ,

;

fans are normally mounted inside cylindrical ducting, supported by radial struts running from the ;

!i
,

B.9-1 >
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. Equipment Class #9 !

|
' Fans

:
;

~!
duct wall to the duct centerline. Electric drive motors are usually mounted along the duct I

1
centerline immediately upstream of the impeller. The impeller and drive shaft are normally .j
cantilevered from the motor. Alternate designs mount the motor on the outside of the duct with

a belt con:iection between the motor and the impeller drive shaft.
!

-|
Centrifugal fans are divided into three major categories depending upon the position of their

blades. The three blade positions are: forward-curved, radial, and backward-inclined. !

Forward-curved centrifugals have blades inclined toward the direction of rotation at the tip.
,

These fans produce high flow volumes at low static pressures. Radial-blade centrifugals have-

their blades positioned on the radii extending from their axis of rotation. Backward-inclined fans

are a type of centrifugal fan and have their blades inclined opposite to the direction of rotation at t

the tip. f
s :

;,

,

Centrifugal fans typically have a cylindrical intake duct centered on the fan shaft and a square j

discharge duct directed tangentially from the periphery of the fan. A variation of the centrifugal |

fan is the tubular centrifugal fan which redirects the discharged air in the axial direction. As f
with axial-flow fans, centrifugal fans can have the electrical drive motor mounted either directly

on the fan shaft, or outside of the fan casing with a belt drive to the fan. The impeller and ' drive f
shaft may have either a single-point support, where they are cantilevered from the motor, |

9

or a two-point support, where the shaft is supported both at the motor and at an end bearing. ;

!.i ,

The fan impeller and its enclosure, drive motor, attached ducting, mounted louvers, and attached

conduit and instrumentation lines are included in the Fan equipment class. !

The Bounding Spectrum (BS) represents the seismic capacity of a Fan (FAN) if the fan meets the
;

intent of the following inclusion and exclusion rules. Note, however, that when the specific ;

wording of a caveat rule is not met, then a reason for concluding that the intent has been met f
should be provided on the SEWS.

:.

f

]B.9-2
1

,

)

.-- - , -



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

Equipment Class #9
,

Fans ;

i

!
!
i

FAN /BS Caveat 1 - Earthquake Experience Eauipment Class. The fan should be similar to and i
bounded by the FAN class of equipment described above. The equipment class descriptions are ;

general and the Seismic Capability Engineers should be aware that worst case combinations of |
certain parameters may not be represented in the generic equipment class. These worst case
combinations may have reduced seismic capacity and should be carefully evaluated on a case-by- |
case basis. j

|
FAN /BS Caveat 2 - Drive Motor and Fan Mounted on Common Base. The driver and fan . !

should be connected by a common base or attached in a way to limit differential displacement. |
; The concern is that differential displacement between the driver motor and fan may cause shaft i

misalignment If the driver motor and fan are not mounted on a common base, then the !
potential for differential displacement should be specially evaluated.

|

FAN /BS Caveat 3 - Long Shafts Should be Supported at Fan and at Motor. Axial fans with -

long shafts between the motor and fan should have the shaft supported at the fan and at the ;

motor. The concern is shaft misalignment. If the shaft is not supported in both locations, then a i
special evaluation should be conducted. The potential carthquake displacement of the shaft ;

"

should be determined and compared to the operability displacement limits of the fan. !
;,

)
FAN /BS Caveat 4 - Base Vibration Isolation System Checked. If unit is mounted on vibration |

a

isolators, the adequacy of the vibration isolators for seismic loads should be evaluated in :
accordance with Section 4.4. !,

4

FAN /BS Caveat 5 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and |
; flexibility should ' e present in attached lines (e.g., cooling, air, electrical) to preclude a line |o

| breach due to differential seismic displacement of the equipment and the line's nearest support. ;

Sufficient slack and flexibility of lines is also considered in the seismic interaction review i

(Section 4.5). !

!
FAN /BS Caveat 6 - Adeauate Anchorage. The unit should be properly anchored in accordance j

with the guidelines of Section 4.4. (,

i
'

'
FAN /BS Caveat 7 - Any Other Concerns? Seismic Capability Engineers should seek out
suspicious details or uncommon situations not specifically covered by the caveats which could {
adversely affect the seismic capacity of the fan as described in Section 4.3. |

)

!
'

,

i
i
!

|'

1

!

l'

i
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Equipment Class #10
,

Air Handlers ,

i
'

u

!

[

B.10 AIR HANDLERS,

!

The seismic capacity for the equipment class of Air Handlers (AH) may be based on earthquake
'

experience data (as described in Section 4.2), provided the intent of each of the caveats listed |

below is met. This equipment class includes sheet metal enclosures containing (as a minimum) a. f
t

fan and a heat exchanger. Air handlers are used for heating, dehumidifying or chilling, and '

distributing air.

)
!

The basic components of an air handler include a fan and a coil section. Small capacity, simple !

air handlers are often referred to as fan-coil units. Additional components such as filters, air-

mixing boxes, and dampers are included in more elaborate air handlers. Fans (normally

centniugal) produce air flow across tlie coil for heat transfer. Coils act as heat exchangers in an
{

air handler. Cooling coils are typically rectangular arrays of tubing with fins attached. Filters j

are typically mounted in steel frames which are bolted together as part of a modular system.,

Mixing boxes are used as a plenum for combining two airstreams before channeling the resulting
,

blend into the air handler unit. Dampers are rotating flaps provided in the inlet or outlet sides of f
the air handler to control the flow of air into or out of the fan.

.

; Air handlers are typically classified as being either a draw-through or a blow-through type.
a

Draw-through air handlers have the heat exchanger (coil) upstream of the fan, whereas the blow-

through design locates the coil downstream. Air handler enclosures normally consist of sheet

i me.tal welded to a framework of steel angles or channels. Typical enclosures range in size from

two feet to over ten feet on a side, with weights ranging from a few hundred pounds to several

. thousand pounds. Large components, such as fans and coils, are typically bolted to internal

frames which are welded to the enclosure framing. Fans may be k>cated in a variety of
I orientations with respect to the coil unit.
i

i
)

<

I B.lC-1
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Air Handkn '

!
t

)

Air handlers typically include a system of attached ducts which provide for the intake and |
,

discharge of air. Additional attachments to air handlers include piping and cooling water or |
.

refrigerant, electrical conduit, and instrumentation lines. Self-contained air conditioning units;

Iare a variation of air handlers, in which the sheet metal enclosure includes a small refrigeration

unit. Note that large centralized chillers are addressed as a separate equipment class (B.ll). |

Air handler configurations range from large floor-mounted units to smaller units suspended on
I

rod hangers from ceilings. The sheet metal enclosure, fans and motors, heat exchanger coils, air
i

filters, mixing boxes, dampers, attached ducts, instrument lines, and conduit are include. in the :

Air Handler equipment class.
.

4

The Bounding Spectrum (BS) represents the seismic capacity of an Air Handler (AH) if the air !

handler meets the intent of the following inclusion and exclusion rules. Note, however, that >

iwhen the specific wording of a caveat rule is not met, then a reason for concluding that the

Imient has been met should be provided on the SEWS.4

:

: :
,

AH/BS Caveat 1 - Earthauake Experience Eauipment Class. The air handler should be similar i

i to and bounded by the AH class of equipment described above. The equipment class
descriptions are general and the Seismic Capability Engineers should be aware that worst case
combinations of certain parameters may not be represented in the generic equipment class. _j

These worst case combinations may have reduced seismic capacity and should be carefully i

evaluated on a case-by-case basis.
I

AH/BS Caveat 2 - Anchorace of Internal Component. In addition to reviewing the adequacy of i

i the unit's base anchorage, the attachment of heavy internal equipment of the air handler must be t

assessed. Seismic Capability Engineers may exercise considerable engineering judgment when.

performing this review. Internal vibration isolators should meet the requirements for base |

isolators in Section 4.4. I
l

|
AH/BS Caveat 3 - Base. Vibration isolation System Checked. If the unit is mounted on vibration :
isolators, the adequacy of the vibration isolators for reismic loads should be evaluated in
accortnce with Section 4.4.

,

,

B.10-2
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Equipment Class #10 :

Air Handlers
!

!
,

.

|

AH/BS Caveat 4 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and !
flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line i
breach due to differential seismic displacement of the equipment and the line's nearest support. |
Sufficient slack and flexibility of lines is also considered in the seismic interaction review j
(Section 4.5).

.

-AH/BS Caveat 5 - Adeauate Anchorage. The unit should be properly anchored in accordance I

with the guidelines of Section 4.4.

AH/BS Caveat 6 - Any Other Concerns? Seismic Capability Engineers should seek out ;

suspicious details or uncommon situations not specifically covered by the caveats which could
~

4

adversely affect the seismic capacity of the air handler as described in Section 4.3 '

,

I

!

!,,

.

n

e

i

i

!

|

!.

b
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i

I

,

!

i
i
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Equipment Class #11
Chillers .

I

!

B.11 CHILLERS
3

i I

The seismic capacity for the equipment class of chillers (CHL) may be baded on earthquak ,

:'
experience data (as described in Section 4.2), provided the intent of each of the caveats listed

!below is met. This equipment class includes skid-mounted units comprised of components such

as a compressor, a condenser, an evaporator, and a control and instrumentation panel. Chillers,

'

condense refrigerant or chill water for indoor climate-control systems which supply conditioned

air for equipment operating environments and for personnel comfort. 1

i
.

Compressors draw vaporized refrigerant from the evaporator and force it into the condenser. i

The compressor of a chiller unit may be either the centrifugal or the reciprocating piston type. !
!

Condensers are heat exchangers which reduce the refrigerant from a vapor to a liquid state. j
Chiller condensers are usually shell- and tube-type heat exchangers, with refrigerant on the shell -|

side. Evaporators are tube bundles over which refrigerant is sprayed and evaporated, the inverse t

i
function of the condenser. Evaporator tubes can have either finned or plain surfaces. Control j

panels provide local chiller system monitoring and control functions. Typical components

include: oil level switches / gauges, temperature switches / gauges, pressure switches / gauges, !
,

undervoltage and phase protection relays, and L mpressor motor circuit breakers. f
~

t

i
|

Chiller components may be arranged in a variety of con 6gurations. Typically the evaporator j
-

,

and condenser are mounted in a stacked con 6guration, one above the other, with the compressor j

; and the control panel mounted on the side. Variations of this arrangement include the side-by- !

side configuration, with the compressor usually mounted above the condenser and evaporator, or j

a configuration with all components mounted side by side on the skid. Components are usually !
'

!

bolted to a supporting steel skid, which is, in turn, bolted to a concrete pad. Attachments to

chillers include piping for routing cooling water or refrigerant to the unit, electrical conduit, and

instrumentation and control lines. Chiller weights range up to about 40,000 lbs.I

!

l
:

| |
;

B.ll-1 i
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Equipment Class #11 ,

Chillers !

I

|
The compressor, condenser, evaporator, local control panel, support framing, and attached I.

piping, instrument lines, and conduit which are attached to the same skid are included in the |
|

Chiller equipment class. |

The Bounding Spectrum (BS) represents the seismic capacity of a Chiller (CHL) if the chiller !

meets the intent of the following inclusion and exclusion rules. Note, however, that when the f
specific wording of a caveat rule is not met, then a reason for concluding that the intent has been

met should be provided on the SEWS.

!.

CHL/BS Caveat 1 - Earthquake Experience Equioment Class. The chiller should be similar to I

and bounded by the CHL class of equipment described above. The equipment class descriptions ;

are general and the Seismic Capability Engineers should be aware that worst case combinations |
of certain parameters may not be represented in the generic equipment class. These worst case |
combinations may have reduced seismic capacity and should be carefully evaluated on a case-by- !

case basis. I
t

6

CHL/BS Caveat 2 - Check Vibration Isolation Systems. Some chiller units are mounted on base
|

vibration isolation systems and/or are equipped with vibration isolators in the mountings of the ;

compressors and/or motors to the evaporators or condensers. The adequacy of these vibration -j
isolators for seismic loads should be evaluated in accordance with Section 4.4. j

i
CHL/BS Caveat 3 - Adequate Anchorage. The unit should be properly anchored in accordance |
with the guidelines of Section 4.4. i

CHL/BS Caveat 4 - Any Other Concerns? Seismic Capability Engineers should seek out :
suspicious details or uncommon situations not specifically covered by the caveats which could !

adversely affect the seismic capacity of the chiller as described in Section 4.3. )
:

!

!

!.

I

i

I
!

1
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Equipment Class #12 !

- Air Compressors j

i
i

e

B.12 AIR COMPRESSORS |
.

The seismic capacity for the equipment class of Air compressor (AC) may be based on
,

earthquake experience data (as described in Section 4.2), provided the intent of each of the

caveats listed below is met. This equipment class includes freestanding air compressors together j

with attached components such as air intakes, air receiver tanks, local control panels, conduit, !

and discharge lines. Air compressors can be generally categorized as reciprocating piston or !

rotary screw. The equipment class of air compressors encompasses a wide range of sizes,
,

configurations, and applications. Air compressors typically include as components: electric
U

drive motor, piston- or impeller-driven compressor, air receiver tank, air intake filter, air

; aftercooler, moisture separator, lubrication system, and the control and instrument panel. Large

compressors typically include water jackets to cool the compressor casing and the air

aftercoolers, while smaller units are typically cooled by natural or fan-assisted convection to the>

surrounding air.

:

Air compressors supply operating pressure to pneumatic instrumentation and control systems, in

particular to diaphragm-operated valves. Air compressors also charge pressurized air receiver

tanks that serve the pneumatic starting systems for emergency engine-generators.4

J

Compressor configurations in the equipment class include air receiver tank-mounted

; reciprocating piston or rotary screw compressors, skid-mounted reciprocating piston or rotary

screw compressors, and freestanding reciprocating piston compressors.

Reciprocating piston compressors are constructed much like an automobile engine, with pistons

encased in cast steel cylinders compressing the gas, and a system of timed valves controlling the

inlet and discharge. Drive motor sizes typically range from fractional horsepower to over 100

horsepower. Piston air compressors genahlly have one or two cylinders but may include more.

Cylinders are normally supported on a cast iron crankcase, which encloses the rotating

B.12-1
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Equipment Class #12 |
Air Compressors |

!
i

:.

crankshaft, linked either directly to the electric motor through a drive shaft, or indirectly through
;

a belt linkage. Smaller reciprocating piston compressors are commonly mounted atop an air j

receiver tank. .

!

Rotary screw compressors replace the reciprocating piston with a set of helical screws, typically

encased in a cast iron block. The components and attachments of the air compressor are similar' !
r

to reciprocating piston units except that the system of timed intake and discharge valves are not ;

required. The most common configuration has the air compressor mounted on top of its air

receiver tank. The units are usually not large, ranging in capacity from about I to 100 cfm
,

(cubic feet per minute of discharge air), with drive motors typically ranging from fractional

horsepower up to 30 hp. Tank-mounted rotary screw compressors typically range in weight- j

from about 200 to 2500 pounds. |
|

!
Reciprocating piston and rotary screw compressors may also be mounted on a steel skid. The

skid may be either open or enclosed in a sheet metal housing. The skid is normally constructed |

of a welded steel frame with the compressor, drive motor, receiver tank, control panel, and !9

i
other components bolted to the frame in some convenient configuration. Skid-mounted ;

i
compressors typically range in capacity up to about 2000 cfm, with drive motors of up to about

'

:

300 hp. Skid-mounted compressors typically range in weight from about 2000 to 8000 pounds. '

t

!

!
I Freestanding compressors are usually the reciprocating piston type with one or two cylinders ;

normally cantilevered from a crankcase. The crankcase may form the primary support for all f
components, or it may be mounted on a steel or cast iron pedestal. Freestanding compressors

include the largest units typically found in power plant applications, ranging in capacity up to

about 4000 cfm, with drive motors up to about 1000 hp. Freestanding compressors range in

weight from small units on the order of about 500 pounds to units as large as 10 tons.

B.12-2
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Equipment Class #12
'

Air Compressors
!
:

i,

1

The Air Compressor equipment class includes the piston- or impeller-driven compressor, drive |
motor, air receiver tank, and attached cooling coils and air intakes, attached air discharge lines, .|

!

instrument lines, and attached conduit (up to the first support away from the unit). ;

!
!

The Bounding Spectrum (BS) represents the seismic capacity of an Air Compressor (AC)if the '

compressor me:ts the intent of the following inclusion and exclusion rules. Note, however, that
,

when the specific wording of a caveat rule is not met, then a reason for concluding that the !
intent has been met should be provided on the SEWS. !

.

i

AC/BS Caveat 1 - Earthauake Experience Eauipment Class. The air compressor should be |
similar to and bounded by the AC class of equipment described above. The equipment class |
descriptions are general and the Seismic Capability Engineers should be aware that worst case
combinations of certain paramc;crs may not be represented in the generic equipment class.
These worst case combinations may have reduced seismic capacity and should be carefully |
evaluated on a case-by-case basis.

|

AC/BS Caveat 2 - Check Vibration Isolation Systems. Some compressor units are mounted on |
| base vibration isolation systems and/or are equipped with vibration isolators in the compressor or !

drive motor mountings (e.g., if the compressor is mounted atop an air receiver tank). The i

adequacy of these vibration isolators for seismic loads should be evaluated in accordance with
|Section 4.4

\
AC/BS Caveat 3 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and :

flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line ;

breach due to differential seismic displacement of the equipment and the line's nearest support. !
Sufficient slack and flexibiliiy of lines is also considered in the scismic interaction review i
(Section 4.5).

|t
AC/BS Caveat 4 - Adeauate Anchorage. The unit should be properly anchored in accordance {
with the guidelines of Section 4.4. ]

:

AC/BS Caveat 6 - Any Other Concerns? Seismic Cap, t.j Engineers should seek out -!
suspicious details or uncominon situations not specificahy covered by the caveats which could I

adversely affect the seismic capacity of the compressor as described in Section 4.3. i

.

!
!

!
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) Equipment Class #13 '

Motor-Generators; ,

B.13 MOTOR-GENERATORS i

I

The seismic capacity for the equipment class of Motor-Generators (MG) may be based on
, -

earthquake experience data (as described in Section 4.2), provided the intent of each of the
!

caveats listed below is met. This equipment class includes motors and generators that are

coupled into a motor-generator set (M-G set). Motor-generator set; are structurally similar to

horizontal pumps, which consist of an electric motor connected to a pump through a shaft.

Motor-generators are basically two motors connected through a common shaft. M-G sets !

normally include either an AC or DC motor attached through a direct drive shaft to an AC or -

DC generator. A large flywheel is often mounted at one end of the shaft for storage of

rotatio:;al inertia, to prevent transient fluctuations in generator output. Usually, both the motor {
and generator in an M-G set are mounted to a common drive shaft and bolted to a steel skid.

{
i Smaller sets sometimes house the motor and generator within the same casing. Motor-generator !
, :

sets typically range in weight from about 50 to 5000 pounds. '

;

!

l The motor, generator, flywheel, and attached conduit are included in the Motor-Generator .

equipment class.!

4 ;

!' '
The Bounding Spectrum (BS) represents the seismic capacity of a Motor-Generator (MG) if the j

i

motor-generator meets the intent of the following inclusion and exclusion rules. Note, however, i

that when the specific wording of a caveat rule is not met, then a reason for concluding that the |
j intent has been met should be provided on the SEWS. !

:

:

i
MG/BS Caveat 1 - Earthquake Experience Eouipment Class. The motor-generator should be l

similar to and bounded by the MG class of equipment described above. The equipment class !
descriptions are general and the Seismic Capability Engineers should be aware that worst case
combinations of certain parameters may not be represented in the generic equipment class. |
These worst case combinations may have reduced seismic capacity and should be carefully

,

evaluated on a case-by-case basis.

; MG/BS Caveat 2 - Driver and Driven Comoonent on Rigid Skid. The main driver and the f
driven component should be connected by a rigid base or common skid. The concern is that ;

differential displacement between the driver and the driven component may bind the shaft or lead
;
'

i

-I
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Equipment Class #13
Motor-Generators

to excessive bearing wear. If they are not mounted on a rigid skid, the potential for differential
displacement between the main driver and the driveiicomponent should be specially evaluated.

MG/BS Caveat 3 - Base Vibration isolation System Checked. If the unit is mounted on vibration
isolators, the adequacy of the vibration isolators for seismic loads should be evaluated in
accordance with Section 4.4.

MG/BS Caveat 4 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and
flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line
breach due to differential seismic displacement of the equipment and the line's nearest support.
Sufficient shek and flexibility of lines is also considered in the seismic interaction review
(Sectian 4.5).

MG/BS Caveat 5 - Adequate Anchorace. The unit should be properly anchored in accordance
with the guidelines of Section 4.4

MG/BS Caveat 6 - Any Other Concerns? Seismic Capability Engineers should seek out
suspicious details or uncommon situations not specifically covered by the caveats which could
adversely affect the seismic capacity of the motor-generator as described in Section 4.3.

B.13-2
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Distribution Panels

;

I

!

lB.14 DISTRIBUTION PANELS
,

i

The seismic capacity for the equipment class of Distribution Panels (DP) may be based on

earthquake experience data (as described in Section 4.2), provided the' intent of each of the ;

caveats listed below is met. This equipment class consists of circuit breakers or fusible j

disconnect switches mounted in vertical stacks within sheet metal cabinets. The function of ,

distribution panels is to distribute low voltage AC or DC power from a main circuit to branch |

circuits, and to provide overcurrent protection. Distribution panels typically serve AC power !

systems ranging up to 600 volts and DC power systems ranging up to 250 volts. i

!
s

Two types of distribution panels are found in power plant electrical systems: switchboards and
'

panelboards. Although switchboards and panelboards perform the same function, they differ in

construction and application. Switchboards are typically floor-mounted assemblies, while

panelboards are usually wall-mounted. Switchboards usually distribute larger quantities of power

than panelboards.
t

i

Distribution switchboards are freestanding cabinets containing stacks of circuit breakers or

fusible switches. They have assemblies of circuit breakers or switches mounted into shelf-like j
cubicles. Electrical connections are normally routed through enclosed cable compartments in the

rear of the cabinet. A switchboard will sometimes include a main circuit breaker and a power

metering sectio.i mounted in separate compartments within the cabinet. Switchboards are often

incorporated into substation assemblies that include motor control centers, transformers, and -i

switchgear, in typical power plant applications, the completely enclosed (safety) switchboard is
'Ialmost exclusively used. These switchboards are completely enclosed in a sheet metal casing.

Switchboard dimensions are standardized with individual sections ranging from 20 to 40 inches - i

in depth and width. The height is generally 90 inches. Switchboard sections can weigh up to j
!

500 pounds.
]
!
|

|

1

B.14-1 |
|
|

|
.
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Equipment Class #14
Distribution Panel

,

I

!

!

Distribution panelboards are defined by the National Electric Code (NEC) as panels which |
include buses, switches, and automatic protective devices designed for the control or distribution

.

of power circuits. Panelt>oards are placed '.n a cabinet or cutout box which is mounted in or |

against a wall and accessible only from the front. The assembly of circuit breakers contained in f
a panelboard is normally bolted to a steel frame, which is in turn mounted to the rear or sides of I

the panelboard enclosure. Individual circuit breakers are either bolted or plugged into the steel

chassis. A cable gutter typically runs along the side of the circuit breaker chassis. Panelboards

have a wide range of cabinet sizes. Typical dimensions for wall-mounted units are 20 to 40

inches in height and width, and 6 to 12 inches in depth. Weights for wall-mounted panelboards

typically range from 30 to 200 pounds.
r

Industry standards developed by the National Electrical Manufacturers Association and the

Underwriters Laboratories (e.g., NEMA ICS-6, UL-508), are maintained for the construction of '

distribution panel enclosures. These standards determine the minimum structural framing and
;

sheet metal thickness for distribution panel enclosures as a function of sheet metal area between *

supports or reinforcing. |
.

I

The Distribution Panel equipment class includes the circuit breakers, fusible switches, metering ;

compartments, switchboard /panclboard enclosure and internals, and attached conduit. !
:

?

The Bounding Spectrum (BS) represents the seismic capacity of a Distribution Panel (DP) if theJ

panel meets the intent of the following inclusion and exclusion rules. Note, however, that when

the specific wording of a caveat rule is not met, then a reason for concluding that the intent has

been met should be provided on the SEWS.

i

DP/BS Caveat 1 - Earthquake Exoerience Ecuioment Class. The distribution panel should be
similar to and bounded by the DP class of equipment described above. The equipment class j

'

descriptions are general and the Seismic Capability Engineers should be aware that worst case
: combinations of certain parameters may not be represented in the generic equipment class. !

I
a
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- Equipment Class #14 [
Distribution Panels ,

;

!
I

I
'

These worst case combinations may have reduced seismic capacity and should be carefully ,

evaluated on a case ;y-case basis. i
.t

DP/BS Caveat 2 - Adiacent Cabinets Bolted Tocether. Adjacent cabinets which are close f
enough to impact each other and sections of multi-bay cabinet assemblies should be bolted
together if any of these cabinets contain relays. The concern addressed in this caveat is that 1

unbolted cabinets could respond out of phase to one antoher and impact each other during an .[
earthquake. This would cause additional impact loadings and high frequency vibration loadings - '

which may result in malfunction or chatter of internal componets. !

DP/BS Caveat 3 - General Con 6poration Similar to NEMA Standards. The general i

con 0guration of the distribution panel should be similar to those constructed to NEMA
Standards. The unit does not have to conform exactly to NEMA Standards, but should be i

similar with regard to the gage of steel, internal structure and support. This caveat is intended
to preclude unusual designs not covered by the equipment class (thin gage material, flimsy i

internal structure, etc.). In general, units manufactured by the major manufacturers of |
distribution panels conform to this caveat if they have not been modified. '

DP/BS Caveat 4 - Adequate Anchorage. The unit should be properly anchored in accordance f
with the guidelines of Section 4.4 !

DP/BS Caveat 5 - Any Other Concerns? Seismic Capability Engineers should seek out !
suspicious details or uncommon situations not specifically covered by the caveats which could j
adversely affect the seismic capacity of the panel as described in Section 4.3. !

;

!

I

i
i

b

;

|
!

I
i

!

!

;

I
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Equipment Class #15
Batteries on Racks

!

B.15 BA'ITERIES ON RACKS
i

The seismic capacity for the equipment class of Batteries on Racks (BAT) may be based on f
earthquake experience data (as described in Section 4.2), provided the intent of each of the i

caveats listed below is met. This equipment class includes both storage batteries and their [
supporting structures. Most battery systems consist of lead-acid storage batteries mounted in ;

t

series on steel-frame racks or wooden racks. {

!

A battery is a group of electro-chemical cells interconnected to supply a specified voltage of DC

power. Individual battery weights typically range from about 50 to 450 pounds. Batteries are |

used to supply a steady source of DC power for circuits in control and instrumentation systems,
4

to power DC starter mo' ors for emergency engine-generators, and to provide DC power to i
t

inverters for uninterruptible power systems. |

!
i

lead-acid storage batteries are the most prevalent type of battery and are the subject of this !

i

equipment class. The basic components of a lead-acid battery cell are the electrode element, cell !

cover, cell jar, electrolyte, and flame arrestor. The electrode elements are the key components f
;

of the battery system. ;

!

!

There are four basic types of lead-acid storage batteries which are distinguished by the

construction of their positive plates. These four types are: calcium flat plate, Plant 6 or f
f

Manchex, antimony flat plate, and tubular. Since there are no examples of antimony flat plate

and tubular batteries in experience data, they are excluded from the equipment class. The Plants I

or Manchex battery is one of the oldcr designs of batteries but still has limited use in the power !

industry. It is constructed of heavy lead plate with either a series of horizontal cross-ribs

attached to the plate (Plants plate design), or a matrix of spiral buttons inserted into the plate

(Manchex design).
I
I

|

|

B.15-1

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



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

t

Equipment Class #15 )
Batteries on Racks )..

i

,

i
~

Battery racks are normally frames of steel channels, angles, and struts that support the batteries

above the floor. Racks can be multi-rowed, multi-tiered, or multi-stepped. Multi-rowed racks
!

are adjacent rows of batteries all at the same level. Multi-tiered racks are vertical rows of i
:

batteries mounted directly above each other. Multi-stepped racks have each succeeding row of |
batteries located above and to the rear of the previous row. !

,

-
,

e

The shelf that supports the batteries typically consists of steel channels running longitudinally !,

that are, in turn, supported by transverse rectangular frames of steel angles. The racks are
i

usually braced by diagonal struts along either the front or rear face for longitudinal support. !

The rack members are connected by a combination of welds and bolts. j
,

?

Well-designed battery racks include a restraining rail running longitudinally along the front and |
the rear of the row of batteries and wrapping around the ends of the row. The rails are located

at about mid-height of the battery, and can prevent accidental overturning of the batteries, or f
overturning from earthquake loadings.

;

I

The battery (including the cell jar and enclosed plates, the supporting rack, electrical connections j

between batteries (bus bar), and attached electrical cable) are included in the Batteries on Racks
.

!
equipment class.

!
The Bounding Spectrum (BS) represents the seismic capacity of Batteries on Racks (BAT)if the !

batteries and racks meet the intent of the following inclusion and exclusion rules. Note,

however, that when the specific wording of a caveat rule is not met, then a reason for
~

concluding that the intent has been met should be provided on the SEWS. !
!

3
,

BAT /BS Caveat 1 - Earthauake Emerience Ecuinment Class. The batteries and racks should be /

similar to and bounded by the BAT class of equipn ent described above. The equipment class |
descriptions are general and the Seismic Capability Engineers should be aware that worst case !

combinations of certain parameters may not be represented in the generic equipment class. !
!

r

:

B.15-2
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Equipment Class #15 |
Batteries on Racks

4

.

These worst case combinations may have reduced seismic capacity and should be carefully ;
evaluated on a case-by-case basis.

~

!
BAT /BS Caveat 2 - Plates of the Batterv Cells Are I cad-Calcium Flat-Plate or They Are of *

2

Plant 6 or Manchex Desirm The plates of the battery must be of the lead-calcium flat-plate or ;

the Plante or Manchex design. These are the only battery cell types included in the earthquake !
experience equipment class. |i

:

BAT /BS Caveat 3 - Each Individual Batterv Weighs Less Than 450 Pounds. Individual battery
cells should weigh less than about 450 pounds. This is the upper bound weight of the battery |
cells included in the carthquake experience equipment class.

.

'

BAT /BS Caveat 4 - Close-Fitting. Crush-Resistant Soacers Between Cells. There should be
close-fitting, crush-resistant spacers between the cells, which fill about two-thirds of the vertical
space between the cells. The concern is that the batteries without spacers can rock and collide i

during the earthquake causing malfunction and damage. j

i.

| BAT /BS Caveat 5 - Batteries Restrained by Side and End Rails. The battery racks should have .!
end and side rails incorporated in the design. The end and side rails should also be close fitting j
against the cells (with shims, if needed). The concern is that batteries on racks without end and i

side rails may tip or slide off the rack.
{

4 BAT /BS Caveat 6 - Battery Racks Have Longitudinal Cross Bracing. The racks should have [
longitudinal cross bracing unless engineering judgment or analysis shows that such bracing is not
needed. The concern is that racks without cross bracing may not be able to transfer the lateral
seismic loads to the base support. Simple bounding hand calculations are recommended to show

|
that the structural components of the rack are capable of transferring these loads. The capacity |
of rack steel members may be calculated following AISC Part 2 allowable stresses. ;

BAT /BS Caveat 7 - Racks Constructed of Wood To Be Evaluated. Battery racks constructed of !
wood should be specially evaluated. The concern is that racks constructed of wood may be '

more vulnerable to seismic loads than steel racks. Evaluation of the rack should consider
industry accepted structural design standards for wood construction, using extreme load ;

,

allowable stresses as appropriate.

B AT/BS Caveat 8 - Batteries Greater Than 10 Years Old To Be Evaluated. Batteries that are ;

more than 10 years old should be identified as outliers. The concern with the aging of batteries
is that some .models have been shown by shake table testing to be susceptible to structural and or |

4

metallurgical changes with time that result in either structural failure or reduced capacity after i

vibration. |
|

.

fB.15-3
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.Fauipment Class #15 |
Batteries on Racks j

:

)

BAT /BS Caveat 9 - Adeauate Anchorage. The unit should be properly anchored in accordance [
'

with the guidelines of Section 4.4.
:

BAT /BS Caveat 10 - Any Other Concerns? Seismic Capability Engineers should seek out !
suspicious details or uncommon situations not specifically covered by the caveats which could |

adversely affect the seismic capacity of the batteries on racks as described in Section 4.3. |

.
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Equipment Class #16 !
Battery Chargers and Inverters |

. .

'B.16 BATTERY CHARGERS AND INVERTERS
;

;

The seismic capacity for the equipment class of Battery Chargers and Inverters (BCI) may be

based on earthquake experience data (as described in Section 4.2), provided the intent of each of

the caveats listed below is met. Chargers and Inverters are grouped into a single equipment

class since they perform similar (although electrically inverse) functions, contain similar

j- components, and are packaged in similar cabinets. Solid-state battery chargers are assemblies of

electronic components whose function is to convert AC input into DC output. Inverters are

Iassemblies whose function is to convert DC input into AC output. Battery chargers and

inverters are normally housed in Door- or wall-mounted cabinets.
.

The most common applications for both battery chargers and inverters are as components of an
,

uninterruptible power supply (UPS). A typical UPS consists of a solid-state inverter, a battery
i

charger, a set of lead-acid storage batteries, and an automatic transfer switch. Chargers serve

the station batteries which provide a DC power source to controls, instrumentation and

switchgear. A portion of the DC power from the batteries is routed through inverters which

provide a source of AC power to critical equipment.
.

The primary electrical function of a battery charger is accomplished using a rectifier. Most f

battery chargers are based on solid-state rectifiers consisting of semiconductors. This equipment

class is limited to solid-state battery chargers and inverters. '

i

I

The primary components of battery chargers include solid-state diodes, transformer coils,

capacitors, electronic 61ters, and resistors. In addition, the primary components are usually

protected from electrical faults by molded case circuit breakers and fuses. The internal !
i

components are normally bolted either to the rear panel or walls of a cabinet, or to interior !
!

panels or steel frames mounted within a cabinet. The front panel of the cabinet typically !

I

contains instrumentation and controls, including ammeters, voltmeters, switches, alarms, and |
.

-
,

B.16- 1
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|

|
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Equipment Class #16 |
Battery Chargers and Inverters '

.i
!

,

i

control relays. Inverters contain primary components similar to those found in battery chargers.

Virtually all inverters use solid state components. 1

i

iBattery chargers and inverters are typically mounted in separate cabinets, but they are sometimes

supplied as an assembly of two adjoining cabinets. ;

The smallest units are wall-mounted or rack-mounted with typical dimensions of 10 to 20 inches f

in height, width, and depth, and typical weights of 50 to 200 pounds. Typical cabinet f
dimensions for larger floor-mounted units are 20 to 40 inches in width and depth, and 60 to 80 i

inches in height. The weights of the floor-mounted chargers and inverters range from several

hundred to several thousand pounds. Typical AC voltages to battery chargers and from inverters I

range from 120 to 480 volts. Voltages in DC power typically range from 24 to 240 volts. I
:

Industry standards are maintained for the construction of cabinets by the National Electrical

Manufacturers Association and Underwriters Laboratories. These standards determine the f
!minimum structural framing and sheet metal thickness for charger and inverter cabinetry as a e

ffunction of size.
:

I !
i

Solid-state inverters and battery chargers are included in the equipment class in freestanding, |
rack-mounted, and wall-mounted configurations. The Battery Charger and Inverter equipment !

.

class includes the sheet metal enclosure, all internal components, junction boxes, and attached

cable or conduit. !

,

The Bounding Spectrum (BS) represents the seismic capacity of a Battery Charger or Inverter ,

(BCI) if the equipment meets the intent of the following inclusion and exclusion rules. Note,,

however, that when the specific wording of a caveat rule is not met, then a reason for '

concluding that the intent has been met should be provided on the SEWS.

I}CI/BS Caveat 1 - Earthquake Experience Eauipment Class. The battery charger or inverter |
should be similar to and bounded by the BC1 class of equipment described above. The j

i

B.16-2 !
!
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Equipment Class #16 :
Battery Chargers and Inverters j

,

r

!equipment class descriptions are general and the Seismic Capability Engineers should be aware |
that worst case combinations of certain parameters may not be represented in the generic -

equipment class. These worst case combinations may have reduced seismic capacity and should
be carefully evaluated on a case-by-case basis. ;

- DCI/BS Caveat 2 - Solid State Tvoe. The battery charger or static invener should be a solid-
'

state type. The solid-state electrical construction is the primary type included in the earthquake !
*

experience equipment class. The concern is that electronics which are not of the solid state
variety (glass tubes, etc.) are vulnerable to earthquake damage.

,

'

s

BCI/BS Caveat 3 - Transformer Mounted Near Base of Floor-Mounted Units. For floor- .

Imounted units, the transformer, which is the heaviest component of this equipment, should be
positively anchored and mounted near the base of the cabinet. If not mounted near the base, I

then the load path should be specially evaluated. The concern is that the lateral earthquake loadst

on the transformer will not be properly transferred to the equipment base. The load path
evaluation may use judgment or simple calculations to ensure that the structure can transfer these ;
loads. !

:

BCI/BS Caveat 4 - Load Path Check for Wall-Mounted Units. If the battery charger or inverter !
is a wall-mounted unit, the transformer supports and bracing should be visually reviewed for a f
proper load path to the rear cabinet wall. Lateral earthquake loads on the heavy transformer i
need to be properly transferred to the anchorage. !

BCI/BS Caveat 5 - Adequate Anchorage. The unit should be properly anchored in accordance |
with the guidelines of Section 4.4 '

,

BCl/BS Caveat 6 - Any Other Concerns? Seismic Capability Engineers should seek out
suspicious details or uncommon situations not specifically covered by the caveats which could

.

adversely affect the seismic capacity of the battery charger or inverter as described in Section !
4.3.

;

$

$

1 ,

|

|

i

!

!
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Engine-Generators i
!

!

I
i

B.17 ENGINE-GENERATORS !
t

i

i

The seismic capacity for the equipment class of Engine-Generators (EG) may be based on i,

earthquake experience data (as described in Section 4.2), provided the intent of each of the {
caveats listed below is met. This equipment class includes a wide range of sizes and types of

generators driven by piston engines. Turbine driven generators are not incuded in this ,

equipment class. Engine-Generators are emergency power sources that provide bulk AC power !
t

in the event of loss of off-site power.

i

In typical power plant applications, generatvs range from 200 KVA to 5000 KVA; electrical

output is normally at 480,2400, or 4160 volts. Generators are typically the brushless rotating- !

field type with either a rotating rectifier exciter or a solid-state exciter and voltage regulator. '|
!

Reciprocating-piston engines are normally diesel-fueled, although engines may operate on natural

gas or oil. In typical applications piston engines range from tractor-size to locomotive-size, with |

corresponding horsepower ratings ranging from about 400 to 4000 horsepower. |
|

i

Engine-generators normally include the piston engine and generator in a direct shaft connection, t

bolted to a common steel skid. The skid or the engine block also supports peripheral |
attachments such as conduit, piping, and a local control and instrumentation panel. |

i

i

The engine-generator system also includes peripheral components for cooling, heating, starting, -

and monitoring operation, as well as supplying fuel, lubrication, and air. The peripheral I

components may or may not be mounted on or attached directly to the engine-generator skid. If |
!

'they are not mounted on the skid, they should be evaluated separately. i

!

!

The Bounding Spectrum (BS) represents the seismic capacity of an Engine-Generator (EG) if the |
generator meets the intent of the following inclusion and exclusion rules. Note, however, that

|
when the specific wording of a caveat rule is not met, then a reason for concluding that the |

. intent has been met should be provided on the SEWS. i

B.17-1 )
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Equipment Class #17 !
Engine-Generators

|

EG/BS Caveat 1 - Earthquake Experience Eauipment Class. The engine-generator should be f
similar to and bounded by the EG class of equipment described above. The equipment class j
descriptions are general and the Seismic Capability Engineers should be aware that worst case |

combinations of certain parameters may not be represented in the generic equipment class,
r

These worst case combinations may have reduced seismic capacity and should be carefully i

evaluated on a case-by-case basis. ;
:
!

EG/BS Caveat 2 - Driver and Driven Component on Ricid Skid. The driver and the driven i~

component should be connected by a rigid support or common skid. The concern is that !
differential displacement between the driver and the driven component may bind the shaft or lead

!to excessive bearing wear. If they are not mounted on a rigid skid, the potential for differential
displacement between the driver motor and driven component should be evaluated. ;

!
EG/BS Caveat 3 - Base Vibration Isolation System Checked. If the unit is mounted on vibration

4

isolators, the adequacy of the vibration isolators for seismic loads should be evaluated in i

accordance with Section 4.4. :

!
EG/BS Caveat 4 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and :

flexibility should be present in attached lines (e.g., cooling. air, electrical) to preclude a line
breach due to differential seismic displacement of the equipment and the line's nearest support. |
Sufficient slack and flexibility of lines is also considered in the seismic interaction review |

(Section 4.5).
!
!

EG/BS Caveat 5 - Adequate Anchorage. The unit should be properly anchored in accordance [
with the guidelines of Section 4.4. j

IEG/BS Caveat 6 - Any Other Concerns? Seismic Capability Engineers should seek out
suspicious details or uncommon situations not specifically covered by the caveats which could
adversely affect the seismic capacity of the generator as described in Section 4.3. ,

t

i

!

!
!

I
l
!

!
,
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Equipment Class #18
Instruments on Racks

1
1

i

;

B.18 INSTRUMENTS ON RACKS |
:

The seismic capacity for the eauipment class of Instruments on Racks (IR) may be based on
earthquake experience data (as described in Section 4.2), provided the in'ent of each of the |

*

caveats listed below is met. This equipment class consists of steel frames that provide mounting
'

'
for local controls and instrumentation, such as signal transmitters to remote control panels.
Instrument racks typically consolidate transducer or control signals from several equipment items
in their immediate vicinity. ;

Instrument racks usually consist of steel members (typically steel angle, pipe, channel, or |
iUnistrut) bolted or welded together into a frame. Components are attached either directly to the

rack members or to metal panels that are welded or bolted to the rack. Floor-mounted i
instrument racks typically range from 4 to 8 feet in height, with widths varying from 3 to 10

'
feet, depenJing on the number of components supported on the rack. A simpler configuration of '

an instrument rack is a single floor-mounted post supporting one or two components. Wall-
mounted and structural column-mounted racks are often used for supporting only a few i

components. j

Control system components mounted on instrument racks may include electronic systems used
for functions such as temperature monitoring, starting, stopping, and throttling electric motors, !

"

and monitoring electric power, Pneumatic system components mounted on instrument racks may !

be used for monitoring fluid pressure, liquid level, fluid flow, and for adjusting pneumatically- |
actuated control valves. Electronic control and instrumentation system components mounted on !

instrument racks include transmitters that convert a pneumatic signal from the transducer to an |,

electric signal for transmission to the main control panel. |
.

Typical components supported on instrument racks include: pressure switches, transmitters, !
''

gauges, recorders, hand switches, manifold valves, and solenoid valves. Attachments to
instrument racks include steel or plastic tubing, conduit, and junction boxes.

:
?

Freestanding, wall-mounted, and structural column-mounted instrument racks of bolted and .i
welded steel construction are included in the equipment class along with the components j
mounted on them. Both pneumatic and electronic components, as well as associated tubing, j

wiring, and junction boxes, are included in the Instruments on Racks equipment class. i

,

The Bounding Spectrum (BS) represents the seismic capacity of Instruments on Racks (IR) if the |
instruments and racks meet the intent of the following inclusion and exclusion rules. Note, j

however, that when the specific wording of a caveat rule is not met, then a reason for ;

concluding that the intent has been met should be provided on the ' SEWS. |
i,

IR/BS Caveat 1 - Earthauake Exoerience Eauipment Class. The instruments and racks should be !

similar to and bounded by the IR class of equipment described above. The equipment class j
i

|
B.18-1 |
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. Equipment Class #18
|Instruments on Racks
,

!
!
:
:

descriptions are general and the Seismic Capability Engineers should be aware that worst case |
combinations of certain parameters may not be represented in the generic equipment class. {
These worst case combinations may have reduced seismic capacity and should be carefully .j
evaluated on a case-by-case basis. ;

f
IR/BS Caveat 2 - Structure Adeauate. The steel frame and sheet metal structure should be i

'evaluated in the walkdown for adequacy. Engineering judgment may be used to determine that
an adequate load path exists to transfer the lateral earthquake loads to the foundation. .!

!

IR/BS Caveat 3 - Adiacent Racks Bolted Together. Adjacent racks which are close enough to !
impact each other and sections of multi-bay assemblies should be bolted together if any of these :|
assemblies contain essential relays as defined in Section 6. ' The concern addressed in this caveat ;

is that adjacent, unbolted racks could respond out of phase to one another and impact each other !

during an earthquake.. This would cause additional impact loadings and high frequency vibration i

loadings which could cause relays to chatter. !

!
IR/BS Caveat 4 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and ;

flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line j

breach due to differential seismic displacement of the equipment and the line's nearest support. |
Sufficient slack and flexibility of lines is also considered in the seismic interaction review i

(Section 4.5). !

:
\

IR/BS Caveat 5- Adeauate Anchorage. The unit should be properly anchored in accordance with !
the guidelines of Section 4.4 !

!

IR/BS Caveat 6 - Any Other Concerns? Seismic Capability Engineers should seek out suspicious I
details or uncommon situations not specifically covered by the caveats which could adversely ;
affect the seismic capacity of the instrument rack as described in Section 4.3. '

i

!

|
i
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!

!
!

-

.

I

i
;

!
;
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Equipment Class #19
Temperature Sensors

B.19 TEMPERATURE SENSORS

The seismic capacity for the equipment class of Temperature Sensors (TS) may be based on

earthquake experience data (as described in Section 4.2), provided the intent of each of the

caveats listed below is met. This equipment class includes thermocouples and resistance

l temperature detectors (RTDs) that measure Huid temperature and typically are mounted within or
I on piping or tanks. Thermocouples are probes consisting of two dissimilar metal wires routed
|
| through a protective sleeve that produce a voltage output proportional to the citference in

temperature between the hot junction and the lead wires (cold junction). RTDs are similar in

construction to thermocouples, but their operation is based on variation in electrical resistance

with temperature. RTDs and thermocouples are connected to pressure vessel boundaries (piping,

tanks, heat exchangers, etc.) using threaded joints. The sensor's sheath will often be inserted

into a thermowell or outer protective tube that is permanently mounted in the pipe or tank. A

thermowell allows tSe thermocouple or RTD to be removed without breaking the pressure

boundary of the pipe or tank. -

Sensors are typically linked to transmitters mounted on nearby instrument racks, which amplify

the electronic signal generated in the sensors, and transmit the signal to a remote instrument

readout.

The Temperature Sensors equipment class includes the connection head, threaded 6tting. sheath

or protective tube, thermowell, and attached wires.

The llounding Spectrum (BS) represents the seismic capacity of a Temperature Sensor (TS) if the

sensor meets the intent of the following inclusion and exclusion rules. Note, however, that when

the specific wording of a caveat rule is not met, then a reason for concluding that the intent has <-

been met should be provided on the SEWS.

B.19-1
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Equipment Class #19
- ~~

Temperature Sensors

TS/BS Caveat 1 - Earthauake Emerience Eauipment Class. The temperature sensor should be
similar to and bounded by the TS class of equipment described above. The equipment class
descriptions are general and the Seismic Capability Engineers should be aware that worst case
combinations of certain parameters may not be represented in the generic equipment class.
These worst case combinations may have reduced seismic capacity and should be carefully
evaluated on a case-by-case basis.

TS/BS Caveat 2 - No Possibility of Detrimental Differential Displacement. Detrimental
differential displacement between the mounting of the connection head and the mounting of the
temperature sensor should not occur. The concern is that the differential displacement may
cause the wiring to be pulled out of the sensor.

TS/BS Caveat 3 - Solid State Electronics. The electronics associated with the temperature
sensor should be solid state (i.e., no vacuum tubes). The earthquake experience equipment class
only includes solid-state electronics for temperature sensors. The concern is that electronics that
are not of the solid-state variety (glass tubes, etc.) are vulnerable to earthquake damage.

TS/BS Caveat 4 - Sufficient Slack and Flexibility of Attached Lines. Sufficient slack and
flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line
breach due to differential seismic displacement of the equipment and the line's nearest support. '~

Sufficient slack and flexibility of lines is also considered in the seismic interaction review
.

(Section 4.5).

TS/BS Caveat 5 - Any Other Concerns? Seismic Capability Engineers should seek out
suspicious details or uncommon situations not specifically covered by the caveats which could
adversely affect the seismic capacity of the temperature sensor as described in Section 4.3.

,

4

..

?
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Equipment Class #20
Instrumentation and Control
Panels and Cabinets

.

B.20 INSTRUMENTATION AND CONTROL PANELS AND CABINETS

The seismic capacity for the equipment class of Instrumentation and Control Panels and Cabinets

(I&C) may be based on earthquake experience data (as described in Section 4.2), provided the

intent of each of the caveats listed below is met. This equipment class includes all types of

electrical panels that support instrumentation and controls. This equipment class includes both

the sheet metal enclosure and typical control and instrumentation components mounted on or

inside the enclosure. Instrumentation and control panels and cabinets create a centralized

location for the control and monitoring of electrical ar/ nechanical systems. In addition to main ,

contiol panels, local instrumentation and control panels are sometimes distributed throughout the

i facilities, close to the systems they serve.

| Instrumentation and control panels and cabinets have a wide diversity of sizes, types, functions,

and components. Panel and cabinet structures generally consist of a steel frame supporting sheet
,

metal panels to which instrumentation and control components are bolted or clamped. Cabinet

structures range from a single panel, braced against or built into a wall, to a freestanding cabinet

enclosure. These enclosures are generally categorized as either switchboards or benchboards as

described below.

A vertical switchboard is a single reinforced sheet metal instrument panel, which is either braced
n

against an adjacent wall or built into it. An enclosed switchboard is a freestanding enclosed

sheet metal cabinet with components mounted on the front face, and possibly on the interior

walls. The front or rear panel is usually hinged as a single or double swinging door to allow
.

access to the interior. A dual switchboard consists of two vertical panels braced against each

other to form a freestanding structure, with components mounted to both front and rear panels.

The sides are usually open, and the two panels are joined by cross members spanning between

their tops. A duplex switchboard is similar to a dual switchboard, except that it consists of a

B.20-1

_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - -



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

Equipment Class #20
Instrumentation and Control
Panels and Cabinets

panel fully enclosed by sheet metal on all sides, with access through doors in the two side

panels.

A benchboard consists of a control desk with an attached vertical panel. A control desk has

components mounted on the desk top, and interior access through swinging doors in the rear.

The single panel is similar to a vertical switchboard and is normally braced against or built into

a wall. A dual benchboard is similar to a dual switchboard, but the lower half of the front panel

is a desk console. A duplex benchboard is similar to a duph x switchboard, a totally enclosed

panel, but with a desk console in the lower half of the front panel.

Panel and cabinet enclosures normally consist of steel angles, channels, or square tubes welded

together, with sheet metal siding attached by spot welds. Large panels are typically made of

individual sections bolted together through adjoining framing. The cabinet may or may not

include a sheet metal Door or ceiling.

Electronic or pneumatic instrumentation or control devices attached to sheet metal panels or

within sheet metal cabinets are included in the equipment class. The Instrumentation and

Control Panels and Cabinets equipment class includes the sheet metal enclosure, switches, push

buttons, panel lights, indicators, annunciators, gauges, meters, recorders, relays (provided they

meet relay requirements), controllers, solid-state circuit boards, power supplies, tubing, wiring,

and terminal blocks.

The Bounding Spectrum (llS) represents the seismic capacity of Instrumentation and Control

Panels and Cabinets (I&C) if the panel or cabinet meets the intent of the following inclusion and

exclusion rules. Note, however, that when the specific wording of a caveat rule is not met, then

a reason for concluding that the intent has been met should be provided on the SEWS.

13. 2 0 - 2 i
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Fauipment Class #20
Instrumentation and Control
Panels and Cabinets

I&C/flS Caveat 1 - Earthquake Exoerience Eapinment Class. The panel or cabinet should be
similar to and bounded by the I&C class of equipment described above. The equipment class
descriptions are general and the Seismic Capability Engineers should be aware that worst case
combinations of certain paransters may not be represented in the generic equipment class.
These worst case combinations may have reduced seismic capacity and should be carefully
evaluated on a case-by-case basis.

J&C/IlS Caveat 2 - Structural Adequacy. The steel frame and sheet metal should be evaluated
for adequacy. Engineering judgment may be used to determine that an adequate load path exists

i

I to transfer the lateral earthquake loads to the foundation.
~

-

I&C/BS Cn. gat 3 - Adjacent Cabinets or Panels Ilolted Together, Adjacent cabinets or panels
which are close enough to impact each other and sections of multi-bay assemblies should be
bolted together if any of these assemblies contain relays. The concern addressed in this caveat is
that unbolted cabinets or panels could respond out of phase to one another and impact each other
during an earthquake. This would cause additional impact loadings and high frequency vibration
loadings which could cause any relays to chatter.

1&C/BS Caveat 4 - Drawers or Equipm.gnt on Slides Restrained Drawers or equipment on
slides should be restrained to prevent them from falling out during seismic motion. The concern
is that the components in the drawer could slide and become damaged, or slide out and fall onto
some other fragik essential component in the vicinity. A latch or fastener should secure these
sliding components.

1&C/BS Cave 2d- Sufficient Slack and Flexibility of Attached I ines. Sufficient slack and
flexibility should be present in attached lines (e.g., cooling, air, electrical) to preclude a line
breach due to differential seismic displacement of the equipment and the line's nearest support.
Suf6cient slack and Sexibility of lines is also considered in the seismic interaction review
(Section 4.5).

1&C/BS Caveat 6 Adequate Anchoragt The unit should be properly anchored in accordance
with the guidelines of Section 4.4.

N

1&C/BS Caveat 7 - Any Other Concerns? Seismic Capabit Engineers should seek out
suspicious details or uncommon situations not speci6cally cos ed by the caveats which could
adversely affect the seismic capacity of the cabinet or panel as described in Section 4.3.

B.20-3

. . .

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



. - . . .- .

9
i

APPENDIX C

ANCHORAGE DATA

;

i

e

1

4

1

!

!
!

|C-i
<

&



_. .

9
:

,

Appendix C

ANCHORAGE DATA

The Seismic Engineers are to use judgement to verify the adequacy of equipment anchorage. '

,

For guidance and anchorage data refer to Section 4.4 and Appendix C of the GIP (R .arence

36).
i

i,*
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Appendix D

,

'

SEISMIC INTERACTION

D.1 INTRODUCTION
.

The purpose of this appendix is to describe seismic interaction and how it can be evaluated for

safe shutdown equipment.

Seismic interaction is the physical interaction of any structures, piping, or equipment with a

nearby item of safe shutdown equipment caused by relative motions from an earthquake. An

inspection should be performed in the area adjacent to and surrounding all safe shutdown

equipment to identify any seismic interaction condition which could adversely affect the

capability of the safe shutdown equipment to perform its intended safe shutdown function.
,

'

The three seismic interaction effects which are included within the scope of this procedure are:

o Proximity

o Structural failure and falling

o Flexibility of attached lines and cables

These areas are described below.

b
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1
,

There are other areas of seismic interaction which can occur in a nuclear plant but are not '!
,

included within the scope of this procedure. These areas are: i

,

o Effects of fire
i

e Flooding or exposure to fluids from ruptured vessels and piping systems !

-|
o Failure of distribution lines (pipes, cables, etc.) due to large relative motion between |

'

different building structures. (Note: Flexibility between the safe shutdown equipment
and building structures is covered by this procedure.)

!
t

The remainder of this appendix describes the three seismic interaction effects covered by this i

procedure and how they can be evaluated for safe shutdown equipment. Note that the SQUG

training course includes many examples covering this seismic interaction issue. -

i

'
D.2 PROXIMITY

Seismic proximity interaction is the impact of adjacent equipment or structures on safe shutdown
'

equipment due to their relative motion during seismic excitation. This relative motion can be the !

result of the vibration and movement of the safe shutdown equipment itself or any adjacent

equipment or structures. When sufficient anchorage, bracing, or other means are provided to |
:

preclude large deflections, seismic proximity effects are not typically a concem.
,

t
;

Even if there is impact between adjacent equipment or structures. there may not be any !
"

significant damage to the safe shutdown equipment. In such cases, this seismic interaction f
would not be considered a reason for concern, provided the equipment can still accomplish its i

'

intended safe shutdown function. One exception to this is electrical cabinets containing relays.

Impact on an electrical cabinet which has a relay (s) in it should be considered an unacceptable j

seismic interaction and cause for identifying that electrical cabinet as an outlier.

D.2.1 Pipine. Raceways. and Doctwork Deflections j

J

The motion of piping, conduit, cable raceways, and other distribution lines may resuh in impact

interactions with safe shutdown equipment. Non-safety-related piping is commonly supported |
.

>

a
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-i
with rod hangers or other forms of flexible dead load support, with little or no lateral restraint.

j

Where adequate clearance with safe shutdown equipment is not provided, potential impact ,

interaction may result. The integrity of the piping is typically not a concern, , Threaded fittings, .!

cast iron pipes and fittings, and victaulic couplings may be exceptions where large anchor i

movement is possible.) In general, impacts between distribution systems (piping, conduit, ducts,

raceways) and safe shutdown equipment of comparable size are not a cause for concern; the f
potential for large relative motions between dissimilar size systems should be carefully evaluated '

to assure that a large system cannot carry away a smaller one.
,

Judgment should be exercised by the Seismic Capability Engineers in estimating potential

motions of distribution systems in proximity to the safe shutdown equipment under evaluation.

For screening purposes, a clearance of 2 inches for relatively rigid cable tray and cenduit- ;

:
raceway systems and 6 inches for relatively Dexible systems would normally be adequate to ;

prevent impacts, subject to the judgment of the Seismic Capability Engineers. .;

,

Where potential interaction may involve systems with significant thermal movements during

plant normal eperating conditions, the thermal displacements should be evaluated along with j
those resulting from scismic deflections. Inter-equipment displacement limits may be developed

.

>

from the applicable Door response spectra to assist in this effort. ;

,

D.2.2 Mechanical and Electrical Ecuioment Deflections
?

!

|
Inadequately anchored or inadequately braced mechanical and electrical equipment such as

,

pumps, valves, vessels, cabinets, and switchgear may deflect or overturn during seismic loadings '

resulting in impact with nearby safe shutdown equipment. Certain items, such as tanks with

high height-to-diameter aspect ratios, can deflect and impact nearby equipment. Electrical
'

cabinets in proximity to each other may pound against each other,
;
1

|
The Seismic Capability Engineers should use judgment in such cases to evaluate the potential,

displacements and their potential effect on nearby safe shutdown equipment. Cabinets with

relays warrant special concern as described above.

D-3
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D.3 STRUCTURAL FAILURE AND FALLING '
,

;
.

Safe shutdown equipment can be damaged and unable to accomplish its safe shutdown function :

due to impact caused by failure of overhead or adjacent equipment, systems, or structures. (This
.

e

interaction hazard is commonly referred to as a Category II over Category I concern.) This |
1

seismic interaction effect can occur from nearby or overhead: (1) mechanical and electrical |
t

equipment; (2) piping, raceway, and HVAC systems; (3) architectural features; and (4)
'

'

operations, maintenance, and safety equipment. The scismic interaction effects which are of

concern for these types of equipment, systems, and structures are described below It is the ;
intent of this evaluation that realistic hazards be identified and corrected; failure of non-

seismically supported equipment and systems located over safe shutdown equipment should not

be arbitrarily assumed. The judgment of the Seismic Capability Engineers should be used to -
idifferentiate between likely and unlikely interaction hazards.

D.3.1 Mechanical and Electncal Eauioment
,

;

Equipment such as tanks, heat exchangers, and electrical cabinets that are inadequately anchored |
1
'

or inadequately braced have historically overturned and/or slid due to earthquake excitation. In

some cases this has resulted in damage to nearby equipment or systems.

!

D.3.2 Eipine. Raceways. and HVAC Systems

Falling of non-seismically designed piping, raceways, and HVAC systems have been observed in |
very limited numbers during carthquakes due to unique circumstances. Most commonly reported ;

!

are falling of inadequately secured louvers and diffusers on lightweight HVAC ducting. Damage |

to piping systems is less common and usual'y is limited to component failures which have rarely

compromised system structural integrity. Typical damage is attributed to differential ; notions of :
!

systems resulting from movement of unanchored equipment, attachment of sy2:= between j
e

buildings, or extremely flexible long runs of unrestrained piping. Very long runs of raceway j

systems pose a potential falling hazard when the runs are resting on, but not attached to, !
1

cantilever supports.
J

|

|

1
D-4 |
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D.3.3 Architectural Features

Architectural features include such items as ceilings, light fixtures, platform grating,

unreinforced masonry walls, and non-Seismic Category I structures. The seismic interaction

effects for these are described below:

o Ceilings. T-bar suspended tiles, recessed fixtures, and sheet rock are used in some
plant c 'as (such as the control room). Seismic capabilities of these ceilings may be
low. The Seismic Capability Engineers should check for details that are known to lead
to failure such as open hooks, no lateral wire bracing, etc.

o Light Fixtures. Normal and emergency light fixtures are used throughout the plant.
Fixture designs and anchorage details vary widely. Light 6xtures may possess a wide
range of scismic capabilities. Pendant-hung fluorescent fixtures and tubes pose the
highest risk of failure and damage to sensitive equipment. The Seismic Capability
Engineers should check for positive anchorage, such as closed hooks and properly
twisted wires. Typically this problem is not caused by lack of strength; it is usually
due to poor connections. Emergency lighting units and batteries can fall and damage
safe shutdown equipment due to impact or spillage of acid.

o Platform Gratings. Unrestrained platform gratings and similar personnel access
provisions may pose hazards to impact-sensitive safe shutdown equipment or
components mounted on them. Some reasonable positive attachment is necessary, if
the item can fall.

o Unreinforced Masonry Walls. Unreinforced, masonry block walls should be evaluated
for possible failure and potential seismic interaction with safe shutdown equipment
unless the wall has been seismically qualiDed as part of the IE Bulletin 80-11 program.
The Seismic Capability Engineers should review the documentation for IE Bulletin 80-
11 masonry walls to determine which walls have and which walls have not been
seismically qualified during that program.

o Non-Seismic Category I Structures. If any safe shutdown equipment is located in non-
Seismic Class I structures, then potential structural vulnerabilities of the building
should be identified; however, nuclear plant structures (including non-seismic
structures) are typically seismically adequate.

D.3.4 Operations. Maintenance. and Safety Equipment

Nuclear plant operations and maintenance require specialized equipment, some of which may be
'

permanently located or stored in locations near safety systems.

D-5
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Some operations, maintenance, and safety equipment is designed so that it may be easily .
.

relocated by plant personnel. Where equipment design or plant operating procedures do not

consider anchorage for permanently located ' equipment, this equipment may slide, fall, overturn,

or impact with safe shutdown equipment. Typically such equipment include:

i
o Cabinets and Lockers. Inadequately restrained floor sad wall-mounted filing cabinets j

and equipment storage lockers may result in overturning or falling and impact.
'

i

Gas Storace Bottles. Unrestrained or inadequately restrained gas bottles may result in !o
overturning and rolling and cause impact. I

!
o Refueline Eouinment. Refueling equipment such as lifting equipment and servicing ,

and refueling tools may be stored in proximity to safe shutdown equipment. {
Inadequately restrained equipment may pose hazards. ,

o Monorails. Hoists. and Cranes. Monorails and service cranes are permanently located
'

over heavy equipment requiring movement for service. Falling of service crane
appurtenances such as tool and equipment boxes may result from inadequate component'

anchorage. They should be restrained from falling. Judgment by the Seismic ,

Capability Engineers should be used to assess the potential for and consequences of |
such equipment falling. i

+

o Radiation Shields. Fire Protection and Miscellaneous Eauipment. Temporary and :

permanent radiation shielding may pose hazards. Miscellaneous maintenance tools, !

such as chains and dollies, test equipment, and fire protection equipment such as fire !

extinguishers and hose reels may fall if inadequately restrained. Equipment carts may
roll into safe shutdown equipment. t

I

,

D.4 FLEXIBILITY OF ATTACHED LINES
i

i

Distribution lines, such as small bore piping, tubing, conduit, or cable, which are connected to

t safe shutdown equipment can potentially fail if there is insufficient flexibility to accommodate

relative motion between the safe shutdown equipment and the adjacent equipment or structures. j

Straight, in-line connections in particular are prone to failure. The scope of review for '

flexibility of these lines extends from the item of equipment being evaluated to their first

support on the building or nearby structure.

-i

-f
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D.5 EVALUATION OF INTERACTION EFFECTS !

i

The Seismic Capability Engineers should ide. y and evaluate all credible and significant
,

. interactions in the immediate vicinity of the safe shutdown equipment. This includes ;

consideration of seismic interactions on the equipment itself and on any connected distribution

lines (e.g., instrument air lines, electrical cable, and instrumentation cabling) which are in the i

vicinity of the item of equipment. Evaluation of interaction effects should consider detrimental

effects on the capability of equipment and systems to function, taking into account equipment

attributes such as mass, size, support configuration, and material hardness in conjunction Tvith |

the physical relationships of interacting equipment, systems, and structures. In the evaluation of

proximity effects and overhead or adjacent equipment failure and interactions, the effects of '

intervening structures and equipment which would preclude impact should be considered.

:

Damage from interaction in earthquakes is from unusual circumstances or from generic, simple

details such as open books on suspended lights. The Seismic Capability Engineers should spend i

most of their timc iooking for: 1) unusual impact situations, and 2) lack of proper anchorage or
'

bracing, and not be concerned much with piping and other system or structural component

failures.
8

The effects of fire, flooding or exposure to fluids from ruptured vessels and piping are out of the
.

|

scope of USI A-46. Individual utilities may add these to the scope of their review as an option ;,

if they desire. !
'

!

I

D.6 SUMMARY OF INTERACTION EXAMPLES |
;

4 ,

This section briefly summarizes examples of possible seismic mteraction ef fects. Some of the
,

following effects may not have occurred in earthquakes, but they are included far completeness.
r

!

Unreinforced masonry walls adjacent to equipment may spall or fall and impacto

fequipment or cause loss of support of equipment. The wall does not have to be

evaluated if it has already been addressed as part of an IE Bulletin 80-11 program. |
4

i
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!
I

-o Emergency lighting units and batteries used for emergency lighting can fall or overturn 1
i

and damage equipment by impact or spilling of acid. |

!
!

o Fire extinguishers may fall and impact or roll into equipment.

,

o Intercom speakers can fall and impact equipment.

,

i
o Equipment carts, dollies, chains, air bottles, welding equipment, etc., may roll into, j

slide, overturn, or otherwise impact equipment. |
i

o Piping, cable trays, conduit, and HVAC may deDect and impact equipment.
.

,

,

o Cable trays, conduit systems, and HVAC systems, including HVAC louvers and

diffusers, may fall and impact equipment. ;
'

:
;

!,o Structures or structural elements may deform or fall and impact equi , ment.l

:

o Anchor movement may cause breaks in piping, cable trays, conduit HVAC, etc. which

may fall or deflect and impact adjacent equipment.

!
s

o- Mechanical piping couplings can fail and lead to pipe deflection or falling and impact

on equipment. ;

I

Electrical cabinets that dcDect and impact walls, structural members, another cabinet, !o

| ctc., may damage devices in the cabinet or cause devices to trip or chatter. f
:
,

!
i o Storage cabinets, office cabinets, files, bookcases, wall lockers, and medicine cabinets |
> t

may fall or tip into equipment. ;

I
:

o inadequately anchored or braced equipment such as pumps, vessels, tanks, heat

exchangers, cabinets, and switchgear may deflect or overturn and impact equipment. f
1

:

D-8
i

i

!
'

, , ., - - - .- -



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

,

!

.. io - Architectural features such as suspended ceilings, ceiling components such as T-bars j
.

and acoustical panels, light fixtures, fluorescent tubes, partition walls, and plate glass

may de0ect, overturn or break and fall and impact equipment.
;

4

)o. Grating may slide or fall and impact eqmpment.

o Sheetrock may fall and impact equipment if it wa" previously water-damaged or if |
there is severe distortion of the building.

!
O Unanchored room heaters, air conditioning units, sinks, and water fountains may fall |

'

or slide into equipment.

^

,.

-

,
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Appendix E

PREPARATORY WORK PRIOR TO WALKDOWN

!

i

E.1 INTRODUCTION

Experience from the SQUG trial plant reviews has demonstrated that preparatory work

performed prior to conducting the plant screening evaluations will maximize the effectiveness of
.

:

the walkdown. This appendix describes these preparations.

E.2 SYSTEMS ENGINEERING AND PLANT OPERATIONS

Prior to the walkdown, the systems engineer (s) and plant operations representative should review

the plant design documents to familiarize themselves with plant design features and, in |
1

particular, those associated with the safe shutdown systems. Much of the required initial j

information is contained in the FSAR. In addition, flow diagrams, electrical one-line drawings,

operating procedures, system descriptions, plant arrangement drawings, and selected topical |

reports and specilications should be used to identify the safe shutdown equipment (Section 3).

Discussions with plant operations personnel are very helpful in identifying equipment within

various safe shutdown trains. Systems engineers may wish to consider the inclusion of

equipment which does not have seismic qualification documentation, thereby upgrading its

E-1 j
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scismic qualification status. Most of the industrial-grade equipment in the earthquake experience

equipment class has been shown to be seismically rugged with seismic capacity at least as great

as the earthquake experience Bounding Spectrum even though it has not been qualified for

seismic loadings.

!
Plant arrangement drawings should be marked with the location of each item of equipment :

selected for review and provided to the Seismic Capability Engineers who will be doing the {
seismic evaluation. In addition, the Safe Shutdown Equipment Lists (SSELs), described in

-

Section 3 and Appendix A which identify the candidate equipment to be seismically verified, j
should be completed. It is recommended they be entered into a personal computer data base

_,

i

management program for use in preparing columns 1 - 6 of the SVDS shown in Section 4, ;

Exhibit 4-1.

E.3 PREAVALKDOWN PLANNING

.

The purpose of pre-walkdown planning is to organize the who, how, where, and when associated
,

with the plant walkdown. Judicious planning will minimize the time spent in the field by the

Seismic Review Team (SRT).

The planning process should be performed with active participation from the principal walkdown

participants and FPC personnel with experience in the configuration and operation of the plant

under review. The following organizations or individuals will typically be involved in the

walkdown and hence should be part of the planning effort:

FPC manager in charge of the USl A-46 project effort*

o FPC systems engineer (s)

Plant operations and/or radiation protection personnelo

o Seismic Capability Engineers

Advance planning on when to perform the walkdown is advisable. Walkdowns should not

interfere with the normal operation of the plant. Security, radiation level, operations, and

maintenance considerations are necessary in deciding when each area of the plant can be visited.

,

E-2 ,
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Some areas of the plant are inaccessible during normal operation and can only be inspected

during outage periods. The Screening Verification and Data Sheets (SVDSs), discussed in

Section 4, can be organized by plant location and thereby used as a checklist and itinerary for

the walkdown. The itinerary, however, should be flexible to allow the walkdown teams time to
.

- revisit certain areas or alter their plans because of difficulties in determining seismic adequacy of

particular types of equipment. It is also advisable to provide the walkdown teams'with the

itineraries in advance so that they can review the items of equipment assigned prior to the

walkdown.

Advance planning and preparation are needed to gain access to operating plants, particularly if

contractors are used to conduct the walkdown. The SRT may be required to obtain security

clearances, access badges, and radiation training. The walkdown participants may need to be

accompanied by plant security and radiation protection personnel; however, such accompaniment

is costly (ties up personnel) and tends to interfere with normal plant operations and maintenance.

It also increases the number of individuals involved with the walkdown which tends to slow

down the pace of the effort. Advance noti 6 cation and scheduling can streamline the process of

gaining plant access. All people concerned with the plant walkdown including walkdown team

members, plant operations personnel, health physics personnel, security personnel and CR3 staff

should be advised of the dates and duration of the plant walkdown well in advance of the

scheduled walkdowns (e.g., two months ahead of time).

The seismic review teams or individual team members may want to have discussions with other

plant operations personnel prior to and curing the walkdown to clarify the way a system or an .

item of equipment operates. If possible, these meetings should be planned well in advance to i

that people knowledgeable in the specific areas of concern will be available with a minimuni of j
disruption in the normal operation of the plant. ;

!
4

A summary of all the available seismic design and quali6 cation data should be prepared and ;
'

provided to the SRT several weeks before their scheduled walkdown. The summary does not

have to be formal, but it should be comprehensive. The Seismic Capability Engineers

performing the walkdown should become thoroughly familiar with the plant seismic design basis.

The greater the understanding of the plant seismic design basis and the design basis approaches

E-3
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.

taken for equipment quali5 cation and anchorage, the easier it will be to exercise judgment and !

experience to eliminate outliers. The ground response spectra resulting from the Safe Shutdown
|

Earthquake (SSE), the in-structure response spectra and how they were generated, and data

pertaining to effective grade of each building should be provided to the SRT.

!

Construction details of the anchorages for the safe shutdown equipment are essential for -

evaluating the seismic adequacy of the equipment. Inspection and evaluation of anchorages is |
difGcult if not impossible without the use of construction drawings, specifications, and bills of j
materials. |

' '

The documents which should be available to the SRT include:

I
l. List of the safe shutdown equipment prepared using Appendix A.

'

;

2. List of equipment for which prior seismic qualification documentation exists. :

,

3. Summary of the plant seismic design basis, speci6cally: ground response spectra
for the SSE, background data for effective grade definition, seismic design j
criteria, amplified in-structure response spectra, etc. i

,

4. Standard details for equipment anchorages.

5. Plant anangement drawings. ;
:

, 6. IIcalth physics and plant security requirements. :

,
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Appendix F

SCREENING WALKDOWN PLAN

F.1 INTRODUCTION

This appendix describes an approach which can be used to perform the scre_.ong evaluation of

the safe shutdown equipment during the plant walkdown. This approach is based on the '

experience gained in performing the SQUG trial plant reviews. This appendix covers: (1) the

organization and approach which can be used by the Seismic Review Team (SRT), (2) the

degree of inspection to be performed, (3) walkdown logistics, and (4) screening walkdown

completion.

F.2 ORGANIZATION AND APPROACli OF SRT

1

The number of individuals in each Seismic Review Team (SRT) should be minimized to permit

ready access to inspect equipment and facilitate movement. In addition to the two Seismic

Capability Engineers, a systems or operations engineer may also be involved in the walkdown as

needed by the SRT to provide information on how a systcm or an item of equipment operates to

accomplish its safe shutdown function. licalth physics and security personnel may also

accompany the SRT as the need arises.

Fach group of individuals walking down the plant should collectively have:
:

;

1. An understanding of the plant layout and location of the various system and
equipment scheduled to be evaluated during that walkdown period; .

2. An understanding of the scope and objectives of the walkdown including the
methodology and procedures;

p.1 *
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3. An understanding of the seismic verification guidelines including inspection
techniques and evaluation criteria;

4. An understanding of the operational aspects of the plant and the importance of the
various plant systems and equipment..

SRT decisions concerning equipment seismic adequacy should be made on the spot, if possible,

and the walkdown should proceed at a pace consistent with this objective. Decisions to verify

the seismic adequacy of equipment should be unanimous among the Seismic Capability

Engineers. Concerns

which do not permin seismic verification during the screening walkdown should be documented 1

and left for further review to either eliminate the equipment as a required part of the. safe
,

shutdown system (i.e., select a different train or set of equipment) or identify it as an outlier for !

further evaluation (as described in Section 5). During the walkdown, many items of equipment

rnay have verification results that are unknown. The SRT should decide what information or i

additional action is required to resolve the issue and inform the appropriate support staff |
r

personnel so that, if possible, the issue may be resolved during the later part of the walkdown.
|
|

!

If several Seismic Review Teams are used to conduct the screening verification and walkdown, |

then a means for coordinating the activities of the various teams should be used to ensure that all

Ithe equipment and activities of the evaluation are covered. This coordinating function could be

performed by a single individual or by a committee of individuals from the various SRTs.
1

i
.

F.3 DEGREE OF INSPECTION !

!

All of the equipment on the seismic review safe shutdown equipment list (SSEL) should be4

reviewed. Exceptions to this may occur (e.g., equipment in very high radiation areas or j

otherwise inaccessible locations), and each exception should be justified by the SRT. The level !
t

or scope of evaluation may vary depending upon the experience and judgment of the SRT. ;
i
i

t

The number of equipment items that are classified as outliers, and require further evaluation, ;
:

usually depends on the original design and construction of the plant, existing available

documentation, current maintenance practice, and the degree of expertise of the SRTs.

F-2 i
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- F.4 ' ; WALKDOWN LOGISTICS
!

[
'A kick-off meeting may be schedsled at the beginning of the plant walkdown. This meeting will '!
provide a briefing on the objectives of the walkdown, the organization of the walkdown groups, i

the planning for the walkdown, and the breakdown of the total list of equipment for which each
1

- group was responsible. Radiation training (including whole body counts and issuance of-

personnel dosimetry) and plant access reqairements (obtaining security badges) for the SRT

members may be done prior to this kick-off meeting. After this kick-off meeting, the SRTs

commence with the plant walkdown. j

.

A daily morning meeting may be held in which the SRT will review the equipment included in

that day's walkdown. Anchorage drawings will also be made available and reviewed by the

SRT. The walkdown will be conducted in morning and afternoon sessions.

At the option of FPC and the SRTs, it may be desirable to conduct the walkdown outside of - i

normal working hours. In any case, it is not recommended that the walkdown " day" exceed a ,

total of about 10 hours.

A short meeting may be held at the end of each day to discuss the day's walkdown, request

information as required from the appropriate support staff personnel, certify the completed !

SVDS, review information retrieved by the support staff so that previously started evaluations

could be completed, and organize the next day's activities. . Any unknowns may be reconciled as
'

soon as possible after the item _of equipment had been inspected. The memory of the SRT for ;
;

the'particular equipment verification may be clearer, and the number of unknown equipment-
~

items did not mount up during the course of the walkdown.

When performing the walkdown, the SRT will have the appropriate tools to collect and record i

data. These tools included a clip board (e.g., for SVDS and SEWS), a ten foot long tape

measure capable of measuring to 1/16 inch, pencils or pens, and a flashlight. The SRT m v ,

wish to use some form of carrying pack to allow hands to be free for climbing ladders, going

_ through crawl spaces, etc. |
-

,

!F-3
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!

Other tools may be included depending on the preference of the SRT. For example, a compact

camera (subject to plant policy) can be useful to record visual Endings (each picture frame

should have a designation and be fully described.) A small audio cassette recorder can be used

to record the subject of each picture frame and general notes about the walkdown. More r

elaborate visual records can be obtained by using a video recorder. However, video equipment '

is usually cumbersome and expensive, and has not been used extensively in past plant
,

walkdowns. It should also be understood that the use of personal equipment is typically at the
,

individual's own risk. If equipment is contaminated or broken, there is often no compensation
,.

by the plant.
!

The SRT should be aware that there is usually a need for hard hats, safety glasses, hearing '

protection, and sometimes safety shoes. SRT members should consider wearing light cotton

clothing smce tcmperatures inside operating nuclear stations, regardless of the time of year, are

usually 75* to 90*F with high humidity. These conditions can lead to extreme personnel

discomfort, especially when prot:ctive clothing is required for walkdowns in contaminated and

high radiation areas. '

F.5 SCREENING WALKDOWN COMPLETION '

,

i

At the completion of the Screening Veri 6 cation and Walkdown, all identified safe shutdown i

equipment included in the walkdown should be classified as being either verified or an outlier.

The SVDS shauld be completed, checked for accuracy, and certi6ed for each item of equipment. i

The outlier sheets (OSVS) shmuld be completed for each item of equipment identified as an

outlier. Work sheets (SEWS), if used, should also be checked so that the information noted
,

(judgments, description, and calculations) can b: reasonably followed by a reviewer. At the

completion of the Screening Veri 6 cation and Walkdown, the SRT should inform the utility
'

management about the walkdown results in detail.

F-4
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Appendix G
l

SCREENING EVALUATION WORK SHEETS

,

i

INTRODUCTION

The purpose of the Screening Evaluation Work Sheets (SEWS) is to provide a convenient

summary and checklist of the seismic evaluation criteria described in Section 4, Screening '

Verification and Walkdown, and in Section 7, Tanks and Heat Exchangers Review. The
,

equipment class. caveats contained in Appendix B are also summarized on the SEWS. These
;

SEWS, or a similar check!ist, should be used during the plant walkdown to document the results '

of the evaluation. The SEWS in this appendix are designed to be compatible with the Screening

Verification Data Sheets (SVDS) shown in Exhibit 4-1 of Section 4 so that the summary

information from the SEWS can be transferred directly to the SVDS.

This appendix contains SEWS for Equipment Classes #0 through #21. See Section 3.3 for a

summary of the equipment included within the scope of USI A-46. The checklist statements are

very abbreviated; see Sections 4 and 7 and Appendices B and C for a complete description of

each checklist item.

Note: The work sheets cannot be used unless the user has a thorough understanding of this

procedure, the GIP, and the reference documents.
|

|

!

i
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Most of the information at the top of each SEWS (Equipment ID Number, Equipment

' Description, Equipment Imcation, etc.) can be entered on the SEWS prior to the plant i
!

walkdown. If a data base program is used to develop the Safe Shutdown Equipment List (SSEL) '

as described in Section 3, then the information at the top of each page of the SEWS can be |
t

printed directly from the data base file containing the SSEL information. Appendix B of the '.
report "Results of PWR Trial Plant Review" (Reference 16) contains examples of SEWS used |

.

during a SQUG trial plant review with this information entered at the top of each page of the ;

SEWS. |

-;

,

The SEWS can be used as a checklist by circling the appropriate symbol in response to each |
'

statement. The meaning of the symbols is given below:

Y - Yes. This criterion is met. ("Y" is always the favorable response, i.e., all
.

the "Y" symbols should be circled if an item of equipment is seismically 5

adequate.) -

N - No. This criterion is not met. j
,

U - Unknown. It cannot be determined whether this criterion is met at this ;

time. (This response can be used while the screening verification is in

progress to identify criteria which must be evaluated later.)

i
N/A - Not Applicable. Some of the criteria may not apply for a particular item t

of equipment.
t

Some of the statements on the SEWS ask which of several alternatives is being used in the
:

Screening Verification and Walkdown. Circle the symbol for the selected alternative. The
;

meaning of these symbols is self-explanatory. After circling all the appropriate responses in |
;

each section of the SEWS, the final statement in each section can then be answered as either Y,
,

!

N, or U. Likewise, when all the sections have a final response, the last question on the SEWS !
!

can then be answered ("Is Equipment Seismically Adequate?"). The responses to the final i

t

|

G-2

!

!

__. , . - ,



. - - . - . . . . . . - - .. . - - ...
..,

i
i

question in each section and the last overal' question can all be entered directly into the |

appropriate column in the SVDS (shown in Exhibit 4-1 of Section 4).

i

i

The SEWS also provide space to record information about the item of equipment (e.g.,

manufacturer, model), to document any comments the. Seismic Capability Engineers may wish to -
'

make, to document the reason why the intent of any caveats are met without meeting the specific

wording of the caveat rule, to sketch the equipment, and to sign off. !
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!
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:

:
>

i

i

Status Y N U

I
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2 |

|Equip. ID No. Equip. Class 0 - Other '

*

Equipment Description
!

Location: Bldg. Floor El . Room, Row / Col- !
;

Manufacturer, Model, Etc. (optional but not recommended)

i

|

ANCHORAGE !

Is the anchorage adequate? Y N U N/A [
!

.[
i

!'

t

:i
!

j!
INTERACTION EFFECTS

Is equipment free of adverse seismic Y N U N/A
interaction effects? !

!

!
!

1

|
i

,

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU *

i

I

I

1

|

'|'

|

|

G.0-1



1

!
1

|
|

SCREENING EVALUATION WORK SHEIT (SEWS) Sheet 2 of 2

!

')Equip. ID No. Equip. Class 0 - Other -

Equipment Description |
|

' COMMENTS .;
t
1

|
:

I

k

!

.

1

.

!
,

;

-I
;

i

j
;

!
:

i

!

:

!
!

!

.i
.

.

.

,1
,

1

|

!

Evaluated by: Date:

-

G.0-2 I

|
<

_ _ _ _ _ _ . . _
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:

Status Y N U
>

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2 i

i

Equip. ID'No. Equip. Class 1 - Motor Control Centers
i

Equipment Description |
|

Location: Bldg. Floor El. Room, Row / Col
i

Manufacturer, Model, Etc. (optional) ;

!

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and iexplain the reason for this conclusion in the COMMENTS section below)

,

1. Equipment is included in earthquake experience |
equipment class Y N U N/A j

.2. 600 V rating or less Y N U N/A |3. Adjacent cabinets which are close enough i
to impact, or sections of multi-bay cabinets, I
are bolted together if they contain relays Y N U N/A |

4. Externally attached items rigidly anchored Y N U N/A [5. General configuration similar to NEMA Standards Y N U N/A i
6. Anchorage adequate (See checklist below for details) Y N U N/A I
7. Have you looked for and found no other adverse concerns? Y N U N/A
Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A -{

!ANCHORAGE
|
i

1. Based on Walkdown Inspection and Judgement, is the installation and facti.rs |affecting anchorage capacity adequate? Y N U N/A
2. Have you looked for an found no other adverse concerns? Y N U N/A

I
;

I

i'
?
!

?

k
i
i
I

,I

I

!

!

:
!

!
!
;

'|

$

h

G.1-1 '

!
!

i

I
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, - . . - . - . - .. .- .

'
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2 ,

!

l

' Equip. ID No. Equip. Class 1 - Motor Control Centers,

i
Equipment Description ;

|
INTERACTION EFFECTS '

l. Soft targets free from impact by nearby 'i
equipment or structures Y N.U N/A. ,

2. If equipment contains relays, equipment
,

free from all impact by nearby equipment ;
or structures Y N U N/A !

3. Attached lines have adequate flexibility Y N U N/A !
4. Overhead equipment or distribution systems are f

not likely to collapse Y N U N/A |
5. Have you looked for and found no other adverse concerns? Y N U N/A >

Is equipment free of interaction effects? Y N U j

IS EOUIPMENT SEISMICALLY ADEOUATE? Y N U

COKMENTS >

i

!
t

f

i

7

i
>

|
t

'

a

;

|

,

b

Evaluated by: Date: -
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)

Status Y N U |

'

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

i

Equip. ID No. Equip. Class 2 - Low Voltaae Switchaear j

Equipment Description

Location: Bldg. Floor El. Room, Row / Col
:

Manufacturer, Model, Etc. (optional) |

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which !
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

,

i
1. Equipment is included in earthquake experience '

equipment class Y N U N/A
2. 600 V rating or less Y N U N/A
3. Adjacent cabinets which are close enough to Y N U N/A ,

impact, or sections of multi-bay cabinets, j
are bolted together if they contain :

relays

4. Externally attached items rigidly anchored Y N U N/A |
'l

5. General configuration similar to ANSI C37.20 Standards Y N U N/A :

6. Anchorage adequate (See checklist below for details) Y N U N/A |
i

7. Have you looked for and found no other adverse concerns? Y N U N/A
is the intent of all the caveats met for Bounding Spectrum? Y N U N/A !

|

.!

| i

'

!

.

l
.

.

G.2-1 )
,

|

I

l
. _ . . _ _ . _ _ _ _ _ _ - . .



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

-|

|

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of~2 )

!

Equip. ID No. Equip. Class 2 - Low Voltaae Switchaear l
i

Equipment Description .!
|
|

ANCHORAGE J

i

I. Based on walkdown inspection and judgement is the installation Y N U N/A j
and factors affecting anchorage capacity adequate. '|

2. Have you looked for and found no other adverse concerns. Y N U N/A
Are anchorage requirements met? Y N U

INTERACTION EFFECTS |
1. Soft targets free from impact by nearby '

equipment or structures Y N U N/A
.i

2. If equipment contains relays, equipment
free from all impact by nearby equipment or structures Y N U N/A i

!

3. Attached lines have adequate flexibility Y N U N/A |
i

4. Overhead equipment or distribution systems are
_ |

not likely to collapse Y N U i,/A
:

5. Have you looked for and found no other adverse concerns? Y' N U N/A '

Is equipment free of interaction effects? Y N U i

IS E0VIPMENT SEISMICALLY ADE00 ATE? Y N. U j
:

COMMENTS

i.

!

!

I
i

;

!

-

i

Evaluated by: Date:
.

c

f

i

G.2-2
,
,

!
>
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,

;

1
1

Status 'Y N U

:

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1_of 2
i

.

Equip. ID No. Equip. Class 3 - Medium Voltaae Switchaear |

Equipment Description |
:
!Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional) |

CAVEATS - B0UNDING SPECTRUM (Identify with an asterisk (*) those caveats which
*are met by intent without meeting the specific wording of the caveat rule and

explain the reason for this conclusion in the COMMENTS section below) ;

1. Equipment is included in earthquake experience '

equipment class Y N U N/A
' 2. 2.4 KV to 4.16 KV rating Y N U N/A i

3. Internally mounted potential and/or control power '

transformers are restrained to prevent damage to or ,

disconnection of contacts Y N U N/A !

4. Adjacent cabinets which are close enough to impact,
.

or sections of multi-bay cabinets, are bolted together !
if they contain relays Y N U N/A I

5. Externally attached items rigidly anchored Y N U N/A '

6. General configuration similar to ANSI C37.20 Standards Y N U N/A !

7. Anchorage adequate (see checklist below for details) Y N U N/A !

8. Have you looked for and found no other adverse concerns? Y N U N/A ;

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
'

,

ANCHORAGE

: 1. Based on walkdown inspection and judgement, is the Y N U N/A ;

; installation and factors affecting anchorage capacity
adequate?4

i 3. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

_

!

j

t

'

i

:

G.3-1>

!

- . - - . _ . . - - . . - \



. _ -.

:

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2- )
.

,

Equip. ID No. Equip. Class 3 - Medium Voltaae Switchaear [

Equipment Description

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment

free from all impact by nearby equipment or j
structures Y N U N/A i

3. Attached lines have adequate flexibility Y N U N/A !

4. Overhead equipment or distribution systems are !
not likely to collapse Y N U N/A

5. Have you looked for and found no other sdverse concerns? Y N U N/A ,

Is equipment free of interaction effects? Y N U |
t

IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U
.

COMMENTS

,

t

i

|

!

5

a

f

:

Evaluated by: Date: |

f

i
b

!

!

t

|

!

G.3-2
,
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i.
1

Status Y N U

SCREENING EVALUATION WORK SHEET-(SEWS) Sheet I of 2 !

I

i

Equip. ID No. Equip. Class 4 - Transformers !

!
Equipment Description j

,

Location: Bldg. Floor El . Room, Row / Col |
Manufacturer, Model, Etc. (optional) !

.
*

CAVEATS - B0UNDING SPECTRUM _(Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and i
explain the reason for this conclusion in the COMMENTS section below) ,

1. Equipment is included in. earthquake experience Y N U N// |
equipment class '

2. 4.16 KV rating or less Y N U N/A
3. For floor-mounted dry- and oil-type unit, '

'| transformer coils are positively restrained within
cabinet Y N U N/A

.!4. For 750 kVA or larger units, coils are top braced
or adequacy shown by evaluation Y N U N/A ;

5. For 750 kVA or larger units, 2-inch clearance is :
provided between energized component and cabinet Y N U N/A

6. For 750 kVA or larger units, the slack in the |
connection between the high-voltage leads and the ;

first anchor accomodates 3-inch relative displacement Y N U N/A
7. For wall-mounted units, transformer coils anchored

,

i

; to enclosure near enclosure support surface Y N U N/A
8. Adjacent cabinets which are close enough to impact-

are bolted together if they contain relays Y N U N/A ;
9. Anchorage adequate (See checklist below for details) Y N 0- N/A i
10. Have you looked for and found no other adverse concerns? Y N U .N/A ;

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A |
.

h

$

!

!

$
I

.

!
!

+

i

[

k
:

G.4-1 .
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- - .-. __

I

,,i
i

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2
,

Equip. ID No. Equip. Class 4 - Transformers

Equipment Description !

ANCHORAGE
1. Based on walkdown inspection and judgement, is the Y N U. N/A

installation and factors affecting anchorage capacity
adequate? )

2. Have you looked for and found no other adverse concerns? Y N U N/A |
Are anchorage requirements met? Y N U i

INTERACTION EFFECTS
1. Soft targets free from impact by nearby :

equipment or structures Y N U N/A. i

2. If equipment contains relays, equipment
,

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N_ U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A ,

5. Have you looked for and found no other adverse concerns? Y N U N/A
Is equipment free of interaction effects? Y N U '

h

IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U i

COMMENTS -

:
i

!

!

!

|

i

|

,

;

|
Evaluated by: Date: )

|

G.4-2

__- _._ ._
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t

i

Status Y N-U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2 |

Equip. ID No. Equip. Class 5 - Horizontal Pumos ;

Equipment Description (
Location: Bldg. Floor El. Room, Row / Col -

Manufacturer, Model, Etc. (optional) i

Horsepower / Motor Rating (opt.) RPM (opt.) Head (opt.) Flow Rate (opt.)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which ;

are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

,

1. Equipment is included in earthquake experience ;

equipment class Y N U N/A ,

2. Driver and pump connected by rigid ba e or skid Y N U N/A '

3. No indication that shaft does not have thrust i
restraint in both axial directions Y N U N/A

'

4. Base vibration isolators adequate for seismic loads Y N U N/A :
5. Attached lines (cooling, air, electrical) have -

adequate flexibility Y N U_ N/A ,

6. Anchorage adequate (See checklist below for details) Y-N U N/A t

7. Have you looked for and found no other adverse concerns? Y N U N/A :

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A l
:

ANCHORAGE
1. Based on walkdown inspection and judgement, is the Y N U N/A

installation and factors affecting anchorage capacity I
adequate? ;

2. Have you looked for and found no other adverse concerns? Y N U N/A |

Are anchorage requirements met? Y N U i

i INTERACTION EFFECTS !
1. Soft targets free from impact by nearby

;

equipment or structures Y N U N/A )
2. If equipment contains relays, equipment {free from all impact by nearby equipment or structures Y N U N/A :
3. Attached lines have adequate flexibility Y N U N/A |4. Overhead equipment or distribution systems are i

not likely to collapse Y N U N/A ;
"

5. Have you looked for and found no other adverse concerns? Y N U N/A !
q Is equipment free of interaction effects? Y H U !

I

;

'

G.5-1

i
?

'
- --

_ _ _ _ _ . _ _ _ _ _ _ _



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

,

|

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2
,

-Equip. ID No. Equip. Class 5 - Horizontal Pumos .

Equipment Description

IS EOUIPMENT SEISMICALLY ADE00 ATE? Y N U

COMMENTS

!,
e

1

:

|
i

:

!

,

,

%

i

i

i
i

1

t

,

!

'I
h

!
,

;

Evaluated by: Date: '

;

t

G.5-2 ,

I

i
,

:
_ _ _ _ __ __
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1

Status Y- N U i
:

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2 |
,

Equip. ID No. Equip. Class 6 - Vertical Pumps

Equipment Description
i

Location: Bldg. Floor El. Room, Row / Col |

Manufacturer, Model, Etc. (optional) |

Horsepower / Motor Rating (opt.) RPM (opt.) Head (opt.) Flow Rate (opt.)

CAVEATS - B0UNDING SPECTRUM (Identify with an asterisk (*) those caveats which !
are met by intent without meeting the specific wording of the caveat rule and i

explain the reason for this conclusion in the COMMENTS section below)
,

1. Equipment is included in earthquake experience ;

equipment class Y N U N/A
2. Casing and impeller shaft not cantilevered more i

than 20 feet, with radial bearing at bottom to |
support shaft Y N U N/A i

3. Attached lines (cooling, air, electrical) have
adequate flexibility Y N J N/A ;

4. Anchorage adequate (See checklist below for details) Y N U N/A '

5. Have you looked for and found no other adverse concerns? Y N U N/A |
Is the intent of all the caveats met for Bounding Spectrum? Y N. U N/A ;

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

'installation and factors affecting anchorage capacity
adequate? Y N U N/A .

2. Have you looked for and found no other adverse concerns? Y N U N/A ,

;

,

e

| I

E E

!
4

.

| |
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G.6-1 ;

'

,
.=-, ,



3

|

!
1

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of'2 |
!

l

Equip.-ID No. Equip. Class 6 - Vertical Pumos !

i

Equipment Description
.

|
INTERACTION EFFECTS

1. Soft tarjets free from impact by nearby
equipment or structures Y N U N/A

2. If equipment contains relays, equipment
free from all impact by nearby equipment or structures Y N U N/A' :

3. Attached lines have adequate flexibility Y N U N/A |
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A-

,

!
Is equipment free of interaction effects? Y N U '

IS E0VIPMENT SEISMICALLY ADE00 ATE? Y N U f

COMMENTS |

!
,

i

!

i

!

:

)

i

i
i

!

!

!

!

:

.i
Evaluated by: Date:

i

:
1

G.6-2

|
!
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Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 7 - Fluid-Ocerated Valves

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Pipe Size and Design Classification (optional)

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Attached lines (air, electr, cal) have adequate
flexibility Y N U N/A

3. Have you looked for and found no other adverse concerns? Y N U N/A
Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. Attached lines have adequate flexibility Y N U N/A
3. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
4. Have you looked for and found no other adverse concerns? Y N U N/A,

| Is equipment free of interaction effects? Y N U
|

! IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U
1
1

.

G.7-1

_ _ ___ _ _ _ .



SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 7 - Fluid-Operated Valves

Equipment Description

COMMENTS

Evaluated by: Date:

..

G.7-2

:



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

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 1

Equip. ID No. Equip. Class 8A - Motor-Ocerated Valves

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Pipe Size and Design Classification: (optional)

| Manufacturer, Model, Etc. (optional)

'

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which -

i

are met by intent without meeting the specific wording of the caveat rule and 3

explain the reason for this conclusion in the COMMEMTS section below)
1. Equipment is included in earthquake experience

,

equipment class Y N U N/A
2. Atthched lines (electrical) have adequate flexibility Y N U N/A
3. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
INTERACTION EFFECTS

1. Soft targets free from impact by nearby
equipment or structures Y N U N/A

2. Attached lines have adequate flexibility Y N U N/A
3. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
4. Have you looked for and found no other adverse concerns? Y N U N/A -

Is equipment free of interaction effects? Y N U
,

IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U

COMMENTS

Evaluated by: Date:
.

G.8A-1



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

Status Y N U

SCREENING EVALUATION WORK SHEET (SFWS) Sheet 1 of 1

Equip. ID No. Equip. Class 8B - Solenoid-Operated Valves

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Pipe Size and Design Classification: (optional)

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM
1. Equipment is included in earthquake experience

equipment class Y N U N/A
2. Attached lines (electrical) have adequate flexibility Y N U N/A
3. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
INTERACTION EFFECTS

1. Soft targets free from impact by nearby
equipment or structures Y N U N/A

2. Attached lines have adequate flexibility Y N U N/A
3. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
4. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? Y N U

15 EQUIPMENT SEISMICALLY ADE00 ATE? Y N U

COMMENTS

Evaluated by: Date:

G.8B-1

_ _ _ .



. _ _ _ _ _ _ _ _ _ _ _ _ _

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet I of 1

Equip. ID No. Equip. Class 9 - Fans

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

'

Manufacturer, Model, Etc. (optional)

CAVEATS - B0UNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and

,

explain the reason for this conclusion in the COMMENTS section below)I

1. Equipment is included in earthquake experience ,equipment class Y N U N/A
2. Drive motor and fan mounted on common base Y N U N/A
3. For axial fan with long shaft between fan and

motor, shaft supported at fan as well as motor Y N U N/A
4. Attached lines (electrical) have adequate flexibility Y N U N/A
5. Anchorage adequate (See checklist below for details) Y N U N/A-

6. Have you looked for and found no other adverse concerns? Y N U N/A
Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
ANCHORAGE

1. Based on walkdown inspection and judgement, is the
installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
INTERACTION EFFECTS

1. Soft targets free from impact by nearby
equipment or structures i N U N/A

2. Distribution lines have adequate flexibility Y N U N/A
3. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
4. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? Y N U

IS EQUIPMENT SEISMICALLY ADE0VATE? Y N U

COMMENTS

Evaluated by: Date: 4p

G.9-1
-

a

_ _ _ _ _ _ _ _ . _ .



Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 10 - Air Handlers

Equipment Description

Location: Bldg. Floor El . Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Anchorage of heavy internal components is adequate;
internal vibration isolators have seismic stops to
limit uplift and lateral movement Y N U N/A

3. Base vibration isolators adequate for seismic loads Y N U N/A
4. Attached lines (water, air, electrical) have adequate

flexibility Y N U N/A
5. Anchorage adequate (See checklist below for details) Y N U N/A
6. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

installation and factors affecting anctorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

INTERACTION EFFECTS

| 1. Soft targets free from impact by nearby
I equipment or structures Y N U N/A

2. If equipment contains relays, equipment
i free from all impact by nearby equipment or structures Y N U N/A
| 3. Attached lines have adequate flexibility Y N U N/A

4. Overhead equipment or distribution systems are
not likely to collapse Y N U N/A

5. Have you looked for and found no other adverse concerns? Y N U N/A
Is equipment free of interaction effects? Y N U

G.10-1

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 10 - Air Handlers

Equipment Description

IS E0VIPMENT SEISMICALLY ADE0VATE2 Y N U

COMMENTS

1

|

e

i

e

Evaluated by: Date:

!

!

G.10-2

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



Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 11 - Chillers

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufccturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Base and/or compressor / motor vibration isolators
adequate for seismic loads Y N U N/A

3. Anchorage adequate (See checklist below for details) Y N U N/A
6. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
'

ANCHORAGE
l. Based on walkdown inspection and judgement, is the

installation and factors affecting anchorage capacity
I adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

|

|
|

..

'

G.ll-1

__



. .

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 11 - Chillers

Equipment Description

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A |4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? Y N U

IS E0VIPMENT SEISMICALLY ADE00 ATE? Y N U

COMMENTS

Evaluated by: Date:

G.ll-2

_ _ _ _ _ _ _ _ _ _



__________________

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 12 - Air Compressors

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for thi, conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Base vibration isolators adequate for seisuic loads Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Anchorage adequate (See checklist below for details) Y N U N/A

I 5. Have you looked for and found no other adverse concerns? Y N U N/A
| Is the intent of all the caveats mei for Bounding Spectrum? Y N U N/A

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adve se concerns? Y N U N/A
Are anchorage requirements met? Y N U

G.12-1

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



-_
v

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2
, ,

Equip. ID No. Equip. Class 12 - Air Comoressors

Equipment Description

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment -

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? YNU

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU

COMMENTS

e

Evaluated by: Date:

G.12-2

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



i

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip Class 13 - Motor-Generators

Equipment Description

Location: Bldg. Floor El. Room, Row / Col
|

| Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Main driver and driven equipment connected by
a rigid support or skid Y N U N/A

3. Base vibration isolators adequate for seismic loads Y N U N/A
4. Attached lines have adequate flexibility Y N U N/A
5. Anchorage adequate (See checklist below for details) Y N U N/A
6. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

G.13-1

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



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

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 13 - Motor-Generators

Equipment Description

INTERACTION EFFECTS |

1. Soft targets free from impact by nearby
equipment or structures Y N U N/A

2. If equipment contains relays, equipment
!

free from all impact by nearby equipment or structures Y N U N/A |

3. Attached lines have adequate flexibility Y N U N/A -)
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A i

Is equipment free of interaction effects? Y N U

IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U

COMMENTS

.t

i

Evaluated by: Cate:

G.I3-2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



' -_ _:--

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 14 - Distribution Panels

Equipment Description

Location: Bldg. Floor El . Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A,

! 2. Adjacent cabinets which are close enough to impact,
or sections of multi-bay cabinets, are bolted together
if they contain relays Y N U N/A

3. Wall- or floor-mounted NEMA-type enclosure Y N U N/A
4. Anchorage adequate (See checklist below for details) Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

G.14-1



- _ ._.

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 14 - Distribution Panels

Equipment Description

ANCHORAGE
1. Based on walkdown inspection and judgement is the

installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? Y N U

IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U

|

Evaluated by: Date:

G 14-2



_ . . . .. . .. . . ..

1

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet I of 2

Equip. ID No. Equip. Class 15 - Batteries on Racks

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Plates of the cells are of lead-calcium flat-plate,
Plants or of Manchex design Y N U N/A

3. Each individual battery weighs less than 450 lbs Y N U N/A
4. Close-fitting, crush resistant spacers fill

two-thirds of vertical space between cells Y N U N/A
5. Cells restrained by end and side rails Y N U N/A
6. Racks have longitudinal cross bracing Y N U N/A
7. Wood racks evaluated to industry accepted standards Y N U N/A
8. Batteries greater than 10 years old specifically

evaluated for aging effects Y N U N/A
9. Anchorage adequate (See checklist below for details) Y N U N/A
10. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

G.15-1

_ __- _ _ ____ _ _



4

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 15 - Batteries on Racks

Equipment Description

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. Attached lines have adequate flexibility Y N U N/A
3. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
4. Have you looked for and found no other adverse concerns? Y N U N/AIs equipment free of interaction effects? YNU

IS EQUIPMENT SEISMICALLY ADE0UATE? YNU

COMMENTS

.

Evaluated by: Date:

G.15-2



___-__-_ ____ _______ _

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 16 - Batterv Charaers & Inverters

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)
,

|

CAVEATS - B0UNDING SPECTRUM (Identify with an asterisk (*) those caveats which
I are met by intent without meeting the specific wording of the caveat rule and

explain the reason for this conclusion in the COMMENTS section below)
1. Equipment is included in earthquake experience

equipment class Y N U N/A
2. Solid state type Y N U N/A
3. For floor-mounted, transformer positively

anchored and mounted near base, or load path is
evaluated Y N U N/A

4. For wall-mounted units, transformer supports and
bracing provide adequate load path to the rear
cabinet wall Y N U N/A

5. Anchorage adequate (See checklist below for details) Y N U N/A
6. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

a

.

'%

G.16-1



\

i,

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 16 - Battery Charaers & Inverters

Equipment Description

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U q

1.NTERACTION EFFECTS
1. Soft targets free fr.,m impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/AIs equipment free of interaction effects? YNU

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU

COMMENTS

Evaluated by: Date:

G.16-2

_ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _
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Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 17 - Engine-Generators

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Driver and driven equipment connected by
a rigid support or common skid Y N U N/A

3. Base vibration isolators adequate for seismic loads Y N U N/A
4. Attached lines (cooling, air, electrical) have adequate

flexibility Y N U N/A
5. Anchorage adequate (See checklist below for details) Y N U N/A
6. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
ANCHORAGE

1. Based on walkdown inspection and judgement, is the
installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for and found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

|

|
!

|

G.17-1

... . _ _ _ _ .



Revision 2, Corrected, 6/28/91
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 17 - Engine-Generators

Equipment Description
_

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains sensitive relays, equipment

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? YNU

IS EQUIPMENT SEISMICALLY ADE0VATE? YNU

COMMENTS

Evaluated by: Date:

#W

G.17,2 :

. .

_ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _



_ _ _ _ _ - _ _ _ _

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 18 - Instruments on Racks

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Steel frame and sheet metal structurally adequate Y N U N/A
3. Adjacent racks which are close enough to impact or

sections of multi-bay racks are bolted together
if they contain relays Y N U N/A

4. Attached lines have adequate flexibility Y N U N/A
5. Anchorage adequate (See checklist below for details) Y N U N/A
6. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A

a

G.18-1 (



_.

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 18 - Instruments on Racks

Equipment Description

ANCHORAGE
1. Based on walkdown inspection and judgement, is the

installation and factors affecting anchorage capacity
adequate? Y N U N/A

, 2. Have you looked for and found no other adverse concerns? Y N U N/A
| Are anchorage requirements met? Y N U

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is equipment free of interaction effects? Y N U

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU

COMMENTS

Evaluated by: Date:

G.18-2

_ _____-______-_ -



_ _ ._ - _

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 1

Equip. ID No. Equip. Class 19 - Temperature Sensors

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacture., Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. No possibility of detrimental differential
displacement between mounting of connection
head and mounting of temperature sensor Y N U N/A

3. Associated electronics are all solid state
(no vacuum tubes) Y N U N/A

4. Attached lines have adequate flexibility Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
INTERACTION EFFECTS

1. Soft targets free from impact by nearby
equipment or structures Y N U N/A

2. Attached lines have adequate flexibility Y N U N/A
3. Overhead equipment or

distribution systems are not like'y to collapse Y N U N/A
4. Have you looked for and found no other adverse concerns? Y N U N/Ais equipment free of interaction effects? YNU

15 EQUIPMENT SEISMICALLY ADE00 ATE? YNU

COMMENTS

.

1
1

Evaluated by: Date:

s

G.19-1

_ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _



_

Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 20 - Instr. & Cont rol Panels & Cabinets

Equipment Description

location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)

CAVEATS - BOUNDING SPECTRUM (Identify with an asterisk (*) those caveats which
are met by intent without meeting the specific wording of the caveat rule and
explain the reason for this conclusion in the COMMENTS section below)

1. Equipment is included in earthquake experience
equipment class Y N U N/A

2. Steel frame and sheet metal structurally adequate Y N U N/A
3. Ad,iacent cabinets or panels which are close enough

to impact, or sections of multi-bay cabinets or
panels, are bolted together if they contain
relays Y N U N/A

4. Drawers and equipment on slides restrained
from falling out Y N U N/A

5. Attached lines have adequate flexibility Y N U N/A
6. Anchorage adequate (See checklist below for details) Y N U N/A
7. Have you looked for and found no other adverse concerns? Y N U N/A

Is the intent of all the caveats met for Bounding Spectrum? Y N U N/A
ANCHORAGE

1. Based on walkdown inspection and judgement, is the
installation and factors affecting anchorage capacity
adequate? Y N U N/A

2. Have you looked for an found no other adverse concerns? Y N U N/A
Are anchorage requirements met? Y N U

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains relays, equipment

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are

not likely to collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/AIs equipment free of interaction effects? YNU

G.20-1

. _ . _

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



_

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 20 - Instr. & Control Panels & Cabinets

Equipment Description

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU

COMMENTS

m

!

|
|

|

Evaluated by: Date:

G.20-2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 21 - Tanks and Heat Exchanaers

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. (optional)

SHELL CAPACITY VS DEMAND
Buckling capacity of shell of large, flat-bottom,
vertical tank is equal to or greater than demand: Y N U N/A

ANCHOR BOLTS AND EMBEDMENT
Capacity of anchor bolts and their embedments is equal
to or greater than demand: Y N U N/A

'

x

CONNECTION BETWEEN ANCHOR BOLTS AND SHELL
Capacity of connections between the anchor bolts and '; ..

the tank shell is equal to or greater than the demand: Y N U N/A
t *

..

.

FLEXIBILITY OF ATTACHED PIPING
Attached piping has adequate flexibility to accommodate
motion of large, flat-bottom, vertical tank: Y N U N/A

TANK FOUNDATION

Ring-type foundation is not used to support large, p
flat-bottom, vertical tank: Y N U N/A

IS E0VIPMENT SEISMICALLY ADE0VATE? Y N U

G.21-1

.

_ _ _ _ _ _ - _ _ _ - - - - - - - - - -



..

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 21 - Tanks and Heat Exchanaers

Equipment Description

COMMENTS

Evaluated by: Date:

.

G.21-2

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


