1. INTRODUCTION
1.1  PURPOSE OF THE DOE SEISMIC EVALUATION PROCEDURE

U.S. Department of Energy (DOE) facilities need to have adequate measures for protection of
public health and safety, for on-site worker life safety, for protection of the environment, and for
investment protection in the event of natural phenomena hazards, specifically earthquakes. Due to
the evolutionary nature of design and operating requirements as well as developments in
engineering technology, DOE facilities embody a broad spectrum of design features for earthquake
resistance. These features depend on factors such as vintage of the facility design and construction
and hardware supplier practices at the time of design and construction. The earliest-vintage
facilities often have the least design consideration for seismic and potentially exhibit the greatest
difference between their design basis and what DOE requires today for seismic design criteria for
new facilities.

Seismic evaluations of essential systems and equipment at many DOE facilities will be conducted
over the next several years. For many of these systems and components, few, if any, seismic
requirements applied to the original design, procurement, instailation, and maintenance process and
therefore, the evaluation of the seismic adequacy of existing systems and components presents a
difficuit challenge. The purpose of this Seismic Evaluation Procedure is to summarize a technical
approach and provide generic procedures and documentation requirements that can be used at DOE
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facilities to evaluate the seismic adequacy of mechanical and electrical equipment.
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lu ek First, DOE Orders and Standards that address natural phenomena hazard:
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are discussed since a purpose of the DOE Seismic Evaluation Procedure is to provide a procedure
hat satisfies the requirements of these Orders and their supporting standards. Second, a
methodology that was developed for older nuclear power plants to satisfy safety issues raised in
the late 1970s is discussed. This methodology or procedure is based on seismic experience data
and screening evaluations. The nuclear power industry concluded that the methodology was the
most viable option to resolve safety issues as compared with testing or analysis. Testing or
analysis were often not viable due to problems of removal, decontamination, shipment of
equipment for testing, access, and potential damage from in-situ testing. Next, the extension to
DOE facilities of the procedure developed for nuclear power plants is discussed. Applications at
nuclear power plants and DOE facilities have demonstrated that a seismic evaluation using the
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methodology based on experience data is the only viable option for many systems and
components. Finally, the license which regulates the use of background material for the DOE
Seismic Evaluation Procedure is discussed.

1.2 DOE ORDERS AND STANDARDS

The DOE Seismic Evaluation Procedure is intended to comply with DOE Policy, Orders, and
Standards on natural hazards mitigation which allow for the seismic evaluation of systems and
components by analysis, testing, or the use of earthquake experience data. These include DOE
Order 420.1, "Facility Safety” (Ref. 5), and its Implementation Guide; a rule currently under
development; and supporting Standards. The two supporting Standards most relevant to this

procedure are DOE-STD-1020, "Natural Phenomena Hazards Design and Evaluation Criteria for
Department of Energy Facilities” (Ref. 6) (see Section 2.4.1 of DOE-STD-1020) and DOE-STD-
1021, "Natural Phenomena Hazard Performance Categorization Guidelines for Structure, Systems,

and Components” (Ref. 7). DOE Order 420.1 is a replacement order for DOE Order 5480.28,
"Natural Phenomena Hazards Mitigation” (Ref. 8).

DOE Orders and Standards for natural phenomena hazards mitigation are closely linked to those for
safety analysis. DOE Order 5480.23 (Ref. 9) requires that safety analyses be performed that

E nuclear facility's safety basis and that the analyses be
). To assist in preparing a SAR, DOE-STD-1027

ide guidance on hazard categorization and SAR
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The NRC initiated Unresolved Safety Issue (USI) A-46, "Seismic Qualification of Equipment in
Operating Plants" (Ref. 13) in 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
newer, more rigorous seismic design criteria. Much of the equipment in these operating plants was
installed when design requirements, seismic analyses, and documentation were less formal than the
rigorous practices currently being used to build and license nuclear power plants. However, it was
realized that it would not be practical or cost-effective to develop the documentation for seismic

I Based on Section 1.2 of S



qualification or requalification of safety-related equipment using procedures applicable to modern
plants. Therefore, the objective of USI A-46 was to develop alternative methods and acceptance
criteria that could be used to verify the seismic adequacy of essential mechanical and electrical
equipment in operating nuclear power plants. The NRC pursued several options for the resolution
of USI A-46, including use of shake table testing, in-situ testing, deterministic and probabilistic
analytical methods, and seismic experience data. Most options proved not to be viable because of
the unavailability of older model components for testing, the high costs of component
replacements, and complications of testing radiologically contaminated equipment. The NRC
concluded that the use of experience data could provide a reasonable alternative for resolution of
USI A-46.
In early 1982, the Seismic Qualification Utility Group (SQUG) was formed for the purpose of
collecting seismic experience data as a cost-effective means of verifying the seismic adequacy of
equipment in operating plants. One source of experience data was the numerous non-nuclear
power plants and industrial facilities which had experienced major earthquakes. These facilities
contained industrial grade equipment similar to that used in nuciear power plants. Another source
of seismic experience data was shake table tests that had been performed since the mid 1970's to
qualify safety-related equipment for licensing of nuclear piants. To use these sources of seismic
experience data, SQUG and the Electric Power Research Institute (EPRI) collected and organized
this information and developed guidelines and criteria for its use. The guidelines and criteria
provided the generic means for applying experience data to verify the seismic adequacy of
mechanical and electrical equipment required to be used in a nuclear i
arthquake (SSE). Accordi 1

)
-
)
)
S
t
)
)
"
)
1
s
i
i
)
]
>
J
)
!
s
1
A
i
)
b
>
)

[72]
a

uciear power plant during and
n amem e DS P

A /M _L£ 1A\ & -
pendix A (Ret. 14), the

> O
=
=

)
™

o &
i S
=

! @

+]
p)
D
*)

)
3
D
1
=
s
o
)
o}

O Lo
2k
g
» &
cu s
@ aa
5 e
o w
o g
8 (¢}

[72]
==

o

E
K=
o
x

)
b
wn
wn

o OEug

U i

Y
-
]
3

s
=

P

D

Mo

..
[
[$)
Q
D
v}
1
]
)
cr
Q
G
[ S
8=
=4
@
=8
=
g
=
—
» Q a
5
[¢}
C
E o
C
¢
=
72
(¢
17
E
=3
=
C
a P
=
g
[=
—
@)
I¢]
&)
@

..
2
¥l
2]
3
5
-
o
b
:

o @
L
e
(4]
2]
4
i
[=
vl
[ )
2]
=y
o
-

=
¢
[
o a
==
8
N
£
=
C.
[}
o,
o
B
8
le
o
o
o)
(¢
Q
g;
[q
+]
g
td
[7%]
[q)
o
-
=4
=
¢}
[¢]
<)
0Q
S

3
)
g

D
Lo
3

ol
= 5
o ¢

']

>
3
-
3
-
® o

-
-
t]
>
=1
=
Ry [oN
w
"t
%
o
=
wn
=3
D
o
[¢)
7]
W
£
e

fo
a
QU')
)
3

:

B8

-

..
[}
*]
> o
e
<
8 s
2
]
3
o
3
o
=]
v =h L
2
D
(7
T 0
2 B
e
y G
]
x O
3 &
o Q
[
&
-
e
(47
v
w
=
(¢}
C
¢
c
=
(=N
&D
w
E

& w3
oW -
3
: f
2,
EJ
e
o+
2

2 8

v 3
&
g
=
wn
£
e

D o
1)
3
fal
=
=
£3
g
[q

o
¢
(9]
3
-
=
2
£,

2
&
¢
o3
Q
=
£
£
wn
=
[¢)
[
>

i
e

3%
e
[
s
]
')

3
:
(43
A
=
<
S'D
=
[
&N
=]
;
ga
£
¢
<

(<]
pa
(€]
Q
=

p
o

5
&
=]

=4
Q
=
2,
@!
3 Q)

=
w
&
Q,
2
N
¢
C
=0
<
q
gl
Ny
="
2
&
=2
: [T
i
o ®
&
g
e}
& F
=3
S
)
[~
— O

o~
o)

»
’
(
X

e
e

wn

L
- <: "
0
D -
17
aw
3. O

o
b
B
.08
19
:
=)
Q=
[
L
b

D w
N O
q

[

i

.
¥
=

[

C

f
> 0

- O
Iy
.
3
a%)
7]
[ il
[=<]
w
4]
(=N
Q

3
A ¢
o
=.
3
N
=
e

P
7 B
[ 3NV,

[¢')

K
o
=
(¢}
<
-

e,
0
-
Q
Iy
-
(\]
@
o}
=
a
(=¥
g
et
=
2
(9]
v
—
Q
@
Q
=3
\Q- !
g
-
72!
==
|> )
1N
(=)
('] i
=

o
o)
o.
s
=
)
B
g
=]
‘E,‘)’
5
)
-
&
)
183
Q
=
S
§ ‘
o
=
§ [
(=2
:
g
=9
o
=
3 |
Q!
3 |
=,
‘O 1
[
=i
[t
3
e}
=
8
=
)
=]
.,
S
b
©
g
o

GIP (also referred to as the Industry GIP) with a generic safety evaluation report (Ref. 2). There
were a few exceptions that have since been resolved and are being incorporated into Revision 3 of
the SQUG GIP (Ref. 4). The SQUG GIP consists of four sets of criteria:

1) the experience-based capacity spectrum must bound the plant seismic demand spectrum,

2) the equipment item must be reviewed against certain inclusion rules and caveats,

3) the component anchorage must be evaluated, and

4) any potentially significant seismic systems interaction concerns that may adversely affect
component safe shutdown function must be addressed.
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These SQUG criteria are in the form of screening evaluation guidelines. Items not passing the
screen, called outliers, are not necessarily inadequate, but other seismic engineering methods must
be used to further evaluate these items.

The screening evaluation adopted in the SQUG GIP is generally a conservative and rapid appraisal
process that is used during a facility walkdown to verify acceptability or identify outliers by review
of key physical attributes. A model of the screening evaluation process is shown in Figure 1.3-1.
Items passing the screen are verified as acceptable and may be documented as such, or can be
selected for a bounding sample analysis to validate the evaluation results. Items not passing the
screen are not verified and are formally designated as outliers, which must be subject to more
detailed review or upgrade before being accepted. The SQUG GIP screening evaluation process is
performed primarily during in-plant walkdowns and for a limited set of equipment, or Safe
Shutdown Equipment List (SSEL), required to bring a plant to hot shutdown and maintain it there
for 72 hours. Prior to a screening evaluation, a systems review is conducted to assess the minimal
and prioritized scope of equipment for the evaluation.
Resuits of the v&:ork in coimpiiing earthquake experience data by SQUG found the following:
(1) conventional power plant and 1ndustrial 1acilify equipment are generally stmilar to that found in
older, operating nuclear power plants and, (2) equipment, when properly anchored, will generally
perform well in earthquakes at levels of shaking in excess of the SSE for many nuclear power
QUG, EPRI, and SSR ped the caveats and inclusion rules that heip to ensure
ment when using the experience-based methodology.
an item of equipment is sufficiently similar to

i
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the event of a SSE. asses of electrical and mechanical equipment
cable trays and conduit systems, relays, anchorage, tanks and heat exchangers. For each type of
component, the seismic evaluation methodology provides experience data that documents the
performance of systems and components that have been subjected to earthquake motion. The data
includes components in commercial and industrial facilities that were in the strong motion regions
of major earthquakes. SQUG and EPRI have developed a seismic experience data base that
includes the response of systems and components in about 100 (typically non-reactor) facilities
located in areas of strong ground motion from 20 earthquakes. The earthquakes have Richter
magnitudes in the range of 5.2 to 8.1, have peak ground accelerations from 0.10g to 0.85g, and
have about 3 to 50 second durations. Soil conditions, building structure types, and location of
equipment vary considerably within the data base.
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shake table tests and performed additional tests for other relays. The relay test experience data base

equipment parameters. EPRI and SQUG also obtained available electro-mechanical relav chatter
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anchors, and cast-in-place J-hooks.
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1.4  USE OF SEISMIC EXPERIENCE DATA IN DOE FACILITIES

1.4.1 DOE Existing Facilities Program

A DOE Existing Facilities Program was implemented for the development of seismic evaluation
guidelines for systems and components at existing facilities. A Program Plan (Ref. 20) for the
Existing Facilities Program maximizes the use of past experience in conjunction with a walkdown
screening evaluation process in order to meet the policy of applicable DOE Orders and Standards.
The process of evaluating existing DOE facilities for the effects of natural phenomena hazards was

patterned after the SQUG program for commercial nuclear power plants, which is discussed in

Section 1.3. As discussed in Section 1.5, the SQUG and EPRI reference documents, which

provide the basis for the use of experience data, are being used by DOE through a special

agreement between Lawrence Livermore National Laboratory (LLNL) and EPRI. The use of
seismic experience data, specifically the EPRI/ SQUG data, for DOE seismic evaluations was
recommended in a position paper (Ref. 21) authored by personnel from many DOE facilities. In
addition, a letter (Ref. 22) from Robert Kennedy, a member of SSRAP who has also been
invoived in the technical review of the DOE Seismic Evaluation Procedure, endorses the use of
experience-based seismic evaluations for equipment in existing DOE facilities.

A Walkthrough Screening Eva

d Guide (Ref. 23) was developed to assist in rapidiy
identifying major deficiencies ¢ ‘
i

s. The document was developed based on
after applying it to walkdowns at selected
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power plant and NRC-specific requirements from the SQUG GIP have been removed and an
attempt is made to reduce some of the repetition in the SQUG GIP and make the procedure less

cumbersome to use. Additional information on the differences of the DOE Seismic Evaluation
Procedure and the SQUG GIP is contained in the Foreword.

Since DOE facilities are not structurally equivalent to nuclear power plants, which are typically
stiff, shear wall structures, the approach in the SQUG GIP for comparing seismic capacity with
seismic demand has been modified for DOE usage. An assessment (Ref. 24) was done of the
performance goals that are achieved when seismic experience-based screening evaluation methods
are used. In contrast to the SQUG deterministic criteria, DOE facilities are required to demonstrate
the ability to achieve probabilistic performance goals. As discussed in Chapter 5, experience data
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factors are used to scale in-structure response spectra that are derived from the Design Basis
Earthquake (DBE) for a facility. The scaled in-structure spectra, or the Seismic Demand Spectrum
(SDS), are compared with experience-based capacity spectra.

DOE facility management and operations personnel have played an important role in the
development and review of the approach implemented by the DOE Seismic Evaluation Procedure.
A Steering Group of selected individuals from the DOE operating contractors have ensured that
appropriate priorities were established from the facility operations perspective. The Steering
Group is a five-member panel, which is nominated by DOE and its consultants, and is considered a

key element to the success of the overall approach presented in the DOE Seismic Evaluation
Procedure. The Steering Group has the primary responsibility of reviewing the DOE Seismic
Evaluation Procedure in conjunction with a check of technical content and potential impact to a site
from a cost, schedule, or operations standpoint. In addition, the Steering Group played a decisive
role in the selection of the technology transfer mechanisms for the facility evaluations. Members of
the Steering Group and appropriate support personnel have met reguiariy to discuss and decide on
issues affecting the procedures. Examples of issues for which the Steering Group provided a
decisive role toward final outcome include implementation procedures, documentation
requirements, scope of detailed system and component evaluation tools, peer review requirements,
anticipated level of effort for the reviews, and system prioritization guidelines for a facility. The
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primary charter of the technical reviews was to independently determine the adequacy of the
technical content of the screening evaluation guidelines, including the safety margins that result
from implementation of the criteria. For sections of the DOE Seismic Evaluation Procedure that are
identical or technically equivalent to corresponding sections in the SQUG GIP, the technical
aspects of these sections were reviewed as part of the SSRAP and other reviews of the SQUG GIP
as listed in Table 1.4-1. While the technical reviews of the DOE Seismic Evaluation Procedure
were modeled after SSRAP, the technical reviews of the DOE Procedure did not involve as many
reviewers as the review of the SQUG GIP and did not require formalized consensus building
between the DOE and the technical reviewers. Technical reviewers of the DOE Seismic Evaluation
Procedure, especially the technical consultants, have extensive experience in the evaluation of the
seismic adequacy of equipment and were members of SSRAP or were involved with the
development of the SQUG GIP. The emphasis of the technical review of the DOE Seismic
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Evaluation Procedure was the sections of the procedure that are different from the SQUG GIP and
there was special focus on Chapter 10, which contains classes of equipment that are not in the
SQUG GIP. The key technical consultants reviewing the DOE procedure included Robert
Budnitz, Robert Kennedy, and Loring Wyllie as members of the technical review committee.
These review efforts were supplemented by reviews by DOE staff and personnel at DOE sites,
especially SRS and LLNL, and several engineers from EQE International who had extensive
experience with the SQUG GIP.

In addition to the overall review of the DOE Seismic Evaluation Procedure, several sections of the
procedure, as listed in Table 1.4-1, received specialized or additional review and in some cases,
information about the reviews is referenced. The methodology in Reference 24, which is the basis
for Chapter 5, was reviewed by John Reed and Section 10.1.1 on piping was reviewed by Ed
Wais (Ref. 2 /) Section 10.4.1 on HVAC ducts is based on a procedure used at SRS (Ref. 28)
and this procedure has been subjected to independent technical review by DOE staff, personnel at
DOE sites, and technical consultants. Section 10.3.1 on underground tanks and Section 10.1.2 on
unaergrouna p1p1ng are based on a DOE report that was aevelopea at Brookhaven National
Laooratory (KCI 29 ) and has been reviewed oy DOE staff, personne1 at DOE sites, technical

consuitants, and the American Society of uvu nnglneers uynarmc Ana1y81s of Nuclear Structures
Committee. An ind ep ndent of S 10.5.1 on unreinforced masonry walls was
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Additional information for the development of the DOE Seismic Evaluation Procedure has come
from trial applications of the September 1995 Draft at the SRS, Rocky Flats Environmental
Technology Center (RFETC), the Los Alamos National Laboratory (LANL), the Stanford Linear
Accelerator Center (SLAC) and LLNL. Feedback from these applications of the DOE procedure
have been incorporated as appropriate.

The technical review of the DOE Seismic Evaluation Procedure and the endorsement of its use for
the DOE is summarized in a letter (Ref. 30) from a technical review committee consisting of Robert
Budnitz, Robert Kennedy, and Loring Wyllie. This letter is attached at the end of the Foreward
with the following three review comments:

(1) the use of the DOE Seismic Evaluation Procedure is endorsed for the seismic evaluations of

existing DOE facilities,

(2) the use of additional equipment categories beyond those in the SQUG GIP is supported for
the DOE Seismic Evaiunation Procedure, and

(3) the use of the DOE Seismic Evaluation Procedure for new equipment is supported with
caution.

It is intended that the DOE Seismic Evaluation Procedure will be revised and updated as
appropriate. As screening procedures are developed and reviewed for other classes of equipment,
Al . TNATY o :

these procedures can be added to the DOE procedure. Section 2.1.3.4 discusses some of the other
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A1.1). S
on licensing, the SQUG GIP, and site-specific topics. Portions of the SRS-developed SEP are
used in the DOE Seismic Evaluation Procedure.

=2
—

The SRS seismic evaluation program was judged to be a success with roughly 60% of the items
that were evaluated to be seismically adequate as-is. For the others, about 11% were resolved by
additional evaluation and the remainder were resolved by upgrade. The typical upgrades consisted
of anchorage enhancement and elimination of seismic interaction concerns by providing restraint or



removal of the interaction source. The use of the experience-based evaluation approach enabled
efficient identification of realistic seismic concerns at SRS. Maximum safety enhancement was
achieved with a reasonable engineering effort.

The seismic experience-based approach is currently being used at SRS to evaluate non-reactor
facilities. According to Reference 31, seismic qualification using experience data is a technical
necessity and is the most economically attractive of the options to qualify existing equipment at
SRS. At two SRS facilities, representative costs for seismic qualification using the methodology

in the SRS SEP-6 demonstrate costs are 70% lower than the costs for qualification using
conventional methods such as seismic testing or detailed engineering analyses.

Similar benefits from use of experience data were realized at the High Flux Isotope Reactor (HFIR)
at Oak Ridge National Laboratory. Prior to facility restart, seismic verification of essential systems
and components had to be demonstrated. Experience-based screening evaluations were used as a
key part of the seismic evaluation and upgrade program. Several items were determined to be
acceptable in their as-instalied configuration. Backfit modifications were instalied to increase
seismic adequacy as needed. This inciuded providing anchorage for some components, additional
restraint for items where deflection considerations governed capacity, and correction of potential
seismic systems interaction hazards.
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An important element of the development of the DOE Seismic Evaluation Procedure has been post-
earthquake investigations after significant earthquakes. Each significant earthquake provides
important lessons that reemphasize and provide new information about designing and retrofitting
equipment for strong seismic motion. Since a major component of the EPRI / SQUG methodology
is experience data, the data must be appropriately augmented and enhanced with information from
recent and significant earthquakes. In many cases, recent earthquakes have provided information
which emphasizes the procedures and screens already developed for the EPRI/ SQUG
methodology.

Post-earthquake investigations are vital to determine if any part of the methodology should be
modified or developed further. With each significant earthquake, the experience database will be



updated to reflect the results of post-earthquake investigations. Since the DOE Seismic Evaluation
Procedure contains classes of equipment and distribution systems that are not included in the
SQUG GIP, post-earthquake investigations sponsored by the DOE will focus on these classes of
equipment. As data is gathered on these classes of equipment, rigorous procedures for
determining equipment capacity can be developed based on the collected information.

Recent earthquakes have provided valuable information about the performance of equipment during
seismic strong motion. Details about the performance of industrial facilities and their associated
equipment during recent earthquakes are contained in many documents including References 33
and 34. Information in these references emphasizes the response of equipment similar to the types
of equipment included in the DOE Seismic Evaluation Procedure. Figures 1.4-1 to 1.4-9 show
examples of the performance of equipment, systems, and architectural features subjected to
relatively strong seismic motion during recent earthquakes that are similar to the classes of
equipment discussed in Chapters 8, 9, 10, and 11.

As appropriate, data from recent earthquakes can be incorporated into the DOE Seismic Evaluation
Procedure. In Section 12.2, a potential method for resolving outliers, or equipment that does not
meet the intent of the caveats in the DOE Seismic Evaluation Procedure, involves expanding the
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earthquake experience database to include the equipment or specific features of the equipment. The
scope of the earthquake experience data documented in References 19 and 35 represents only
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Figure 1.4-1a

March 1997 i-13




Figure 1.4-1b

March 1997 1-14



Figure 1.4-2 On the roof of a six-story hospital, a plenum pulled loose from its
fan enclosure during the 1994 Northridge Earthquake.
(Reference 33)
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Figure 1.4-5 As aresult of the pounding between the wings of a six-story
building during the 1994 Northridge Earthquake, a fan came off of
its support frame inside a penthouse. (Reference 33)
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Figure 1.4-6b
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Figure 1.4-7a This vertical, ﬂat—bottom tank expenenced the 199
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March 1997

Shown is a ductwork trapeze that is partially collapsed. During
the 1995 Kobe Earthquake, one of the expansion anchors for the
threaded rod support pulled out of the reinforced concrete

ceiling. (Reference 34)
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1.5 DOE LICENSE FOR EPRI/ SQUG MATERIAL

An important step toward development of the comprehensive natural phenomena hazard evaluation
guidelines for systems and components at DOE facilities was obtaining the proprietary reference

- documents and procedures developed by SQUG and EPRI. This was a key element of the DOE
evaluation program because it allows DOE to take advantage of all the work performed to-date for
several classes of equipment at commercial nuclear reactors. The EPRI/ SQUG material is
arranged into six volumes and copies of the material have been distributed throughout the DOE.
Within the volumes there are twelve key reference reports (Ref. 35 and 40 to 50) that cover the
technical areas of 20 classes of equipment, anchorage, electrical raceways, relays, and tanks and
heat exchangers. A document which develops a methodology for assessment of nuclear power
plant seismic margin (Ret. 18) 1s also available to the DOE. In addition, the SQUG GIP is
contained in the volumes of material as a basis document for the DOE Seismic Evaluation
Procedure. There are several documents in the volumes that summarize the SSRAP and NRC
review of the EPRI / SQUG methodology (Ref. 2, 19, and 50) and provide additional information
for piping and ducting systems (Ref. 39 and 51 to 55).
The EPRI/ SQUG Seismic Assessment Material is available for use when performing seismic
evaluations of DOE facilities under a written licensing agreement between EPRI and LLNL.
Control and use of the EPRI / SQUG Material is by a procedure (Ref. 56) that applies to ail DOE
staff; Management and Operations (M&O) contractor staff; and subcontractors, who are currently
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