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Applicant Private Fuel Storage, L.L.C. (“Applicant” or “PFS”) moves, pursuant to
10 C.F.R. § 2.749, for summary disposition of Part B of State of Utah’s (““State”) Con-
tention L (Geotechnical) (“Part B of Utah L).! Summary disposition is warranted be-
cause there exists no genuine issue as to any relevant material fact and PFS is entitled to a
decision as a matter of law. This motion is supported by a Statement of Material Facts on
Which No Genuine Dispute Exists (“Statement”), the Joint Declaration of Krishna P.
Singh, Alan L. Soler and Everett L. Redmond II (“Holtec Dec.”), the Declarations of C.
Allin Cornell (“Cornell Dec.”) and Bruce E. Ebbeson (“Ebbeson Dec.”), and relevant dis-

covery materials, including the depositions of State witnesses for Part B of Utah L.
L STATEMENT OF THE ISSUE
Part B of Contention Utah L, as admitted by the Board in this proceeding, asserts

that;

B. Relative to the PFS seismic analysis supporting its application and the
PES April 9, 1999 request for an exemption from the requirements of
10 C.F.R. § 72.102(f) to allow PFS to employ a probabilistic rather than a

! Part B of Utah L was admitted by the Atomic Safety and Licensing Board (“Board” or “ASLB”) as a
contention on June 15, 2001, pursuant to a Commission order. See Memorandum and Order (Requesting
Joint Scheduling Report and Delineating Contention Utah L) (June 15, 2001). Part A of Utah Contention L
is subject to a pending motion for summary disposition filed by PFS. See Applicant's Motion for Summary
Disposition of Utah Contention L, dated December 30, 2000.

7}”’?/&7‘?: SEC}/‘-OI// SEcy-0a



R4

November 9, 2001

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of )
) Docket No. 72-22
PRIVATE FUEL STORAGE L.L.C. )
) ASLBP No. 97-732-02-ISFSI
(Private Fuel Storage Facility) )
APPLICANT’S MOTION FOR

SUMMARY DISPOSITION OF PART B OF UTAH CONTENTION L

Applicant Private Fuel Storage, L.L.C. (“Applicant” or “PFS”) moves, pursuant to
10 C.F.R. § 2.749, for summary disposition of Part B of State of Utah’s (“State””) Con-
tention L (Geotechnical) (“Part B of Utah L”).! Summary disposition is warranted be-
cause there exists no genuine issue as to any relevant material fact and PFS is entitled to a
decision as a matter of law. This motion is supported by a Statement of Material Facts on
Which No Genuine Dispute Exists (“Statement”), the Joint Declaration of Krishna P.
Singh, Alan I. Soler and Everett L. Redmond II (“Holtec Dec.”), the Declarations of C.
Allin Comell (“Cornell Dec.”) and Bruce E. Ebbeson (“Ebbeson Dec.”), and relevant dis-

covery materials, including the depositions of State witnesses for Part B of Utah L.

L STATEMENT OF THE ISSUE
Part B of Contention Utah L, as admitted by the Board in this proceeding, asserts

that:

B. Relative to the PFS seismic analysis supporting its application and the
PFS April 9, 1999 request for an exemption from the requirements of
10 C.F.R. § 72.102(f) to allow PFS to employ a probabilistic rather than a

! Part B of Utah L was admitted by the Atomic Safety and Licensing Board (“Board” or “ASLB”) as a
contention on June 15, 2001, pursuant to a Commission order. See Memorandum and Order (Requesting
Joint Scheduling Report and Delineating Contention Utah L) (June 15, 2001). Part A of Utah Contention L
is subject to a pending motion for summary disposition filed by PFS. See Applicant's Motion for Summary
Disposition of Utah Contention L, dated December 30, 2000.



deterministic seismic hazards analysis, PFS should be required either to use a
probabilistic methodology with a 10,000-year return period or comply with
the existing deterministic analysis requirement of section 72.102(f), or, alter-
natively, use a return period significantly greater than 2000 years, in that:

1. The requested exemption fails to conform to the SECY-98-126
(June 4, 1998) rulemaking plan scheme, i.e., only 1000-year
and 10,000-year return periods are specified for design earth-
quakes for safety-important systems, structures, and compo-
nents (SSCs) -- SSC Category 1 and SSC Category 2, respec-
tively -- and any failure of an SSC that exceeds the radiological
requirements of 10 C.F.R. § 72.104(a) must be designed for
SSC Category 2, without any explanation regarding PFS SSC
compliance with section 72.104(a).

2. PFS has failed to show that its facility design will provide ade-
quate protection against exceeding the section 72.104(a) dose
limits.

3. The staff’s reliance on the reduced radiological hazard of
stand-alone ISFSIs as compared to commercial power reactors
as justification for granting the PFS exemption is based on in-
correct factual and technical assumptions about the PFS facil-
ity’s mean annual probability of exceeding a safe shutdown
earthquake (SSE), and the relationship between the median and
mean probabilities for exceeding an SSE for central and eastern
United States commercial power reactors and the median and
mean probabilities for exceeding an SSE for the PFS facility.

4. In supporting the grant of the exemption based on 2000-year
return period, the staff relies upon the United States Depart-
ment of Energy (DOE) standard, DOE-STD-1020-94, and spe-
cifically the category-3 facility SSC performance standard that
has such a return period, notwithstanding the fact the staff
categorically did not adopt the four-tiered DOE category
scheme as part of the Part 72 rulemaking plan.

5. Insupporting the grant of the exemption based on the 2000-
year return period, the staff relies upon the 1998 exemption
granted to DOE for the Idaho National Engineering and Envi-
ronmental Laboratory (INEEL) ISFSI for the Three Mile Is-
land, Unit 2 (TMI-2) facility fuel, which was discussed in
SECY-98-071 (Apr. 8, 1998), even though that grant was based
on circumstances not present with the PFS ISFSI, including (a)
existing INEEL design standards for a higher risk facility at the
ISFSI host site; and (b) the use of a peak design basis horizon-



tal acceleration of 0.36 g that was higher than the 2000-year
return period value of 0.30 g.

6. Because (a) design levels for new Utah building construction
and highway bridges are more stringent; and (b) the PFS return
period is based on the twenty-year initial licensing period
rather than the proposed thirty- to forty-year operating period,
the 2000-year return period for the PFS facility does not ensure
an adequate level of conservatism.

Part B of Utah L attacks PFS’s reliance on a probabilistic seismic hazard analysis
(“PSHA”) as the basis for designing the PFSF, and the sufficiency of using a 2,000 year
return period earthquake as the design basis earthquake (“DBE”) for the facility. The
NRC Staff granted a PFS request from an exemption from the requirements of 10 C.F.R.
§72.102(f) to allow the PFSF to be designed using a PSHA methodology and a 2,000
year return period DBE. The State’s contention challenges the Staff’s granting of this
exemption request. However, the PSHA methodology, as discussed below, is widely
recognized as representing the state-of-the-art in the assessment of seismic hazards.
Moreover, the NRC has selected this dominant methodology for use in the design of new
nuclear power plants, whose safety requirements are greater than those for independent
spent fuel storage installations (“ISFSIs”) such as the PFSF.

There is also ample support for the use of a 2,000 year return period earthquake as
the DBE for the PFSF. This support includes: (a) current NRC policy and practice, (b)
proposed draft rulemaking plans by the NRC, (c) current industry practices, (d) the cur-
rent state of scholarly research, and (e) U.S. Department of Energy (“DOE”) facility de-
sign criteria and practices. In addition to these general sources of support, it can be dem-
onstrated (as discussed below) that utilization of a 2,000-year return period earthquake as
the DBE for the PFSF provides an adequate level of protection for the health and safety
of the public, consistent with established NRC safety objectives and procedures.

Even though designed on the basis of the 2,000 year return period earthquake, the

systems, structures and components (“SSCs”) that are important to safety at the PFSF in-



corporate such conservatism in their design that they are capable of surviving, as de-
manded by the State in Part B of Utah L, an earthquake with “a return period signifi-
cantly greater than 2000 years.” Indeed, the storage casks to be used at the PFSF have
been demonstrated by analysis to be able to withstand, without tipping over, the accel-
erations imparted by the 10,000-year return period earthquake called for in Part B of
Utah L.

The State raises six bases in support of is contention that the 2,000 year return pe-
riod earthquake is the wrong standard to use, and hence the NRC Staff should not have
granted the exemption from 10 C.F.R. § 72.102(f) sought by PFS. However, the asserted
bases are incorrect or inconsequential, and do not invalidate the granting of PFS’s ex-
emption request. Accordingly, there is no genuine dispute of material fact warranting a
hearing, and the Board should order the summary disposition of Part B of Utah L.

II. LEGAL STANDARDS

The Board has previously stated the applicable standards for motions for sum-
mary disposition in this proceeding.” The legal requirements concerning expert opinions
in support of a contention are particularly relevant here. These requirements include
1) demonstration that the affiant is an expert and 2) an explanation of facts and reasons in
the affidavit supporting the affiant’s expert opinion.” Mere unsupported conclusions or
assertions are insufficient to support a contention.” As the Supreme Court has held, reli-
able expert opinion must be based on “more than subjective belief or unsupported specu-

lation.””

? See Private Fuel Storage, L.L.C. (Independent Fuel Storage Installation), LBP-99-23, 49 NRC 485, 491
(1999); Applicant’s Motion For Summary Disposition of Utah Contention C — Failure to Demonstrate
Compliance With NRC Dose Limits,” dated April 21, 1999, at 4-16.

3 Id. at 10-15; Mid-State Fertilizer Co. v, Exchange Nat’l Bank, 877 F.2d 1333, 1339 (7" Cir. 1989); Caro-
lina Power & Light Co, (Shearon Harris Nuclear Plant, Units 1 and 2), LBP-84-7, 19 NRC 432, 447 (1984).

* Public Service Co. of New Hampshire (Seabrook Station, Units 1 and 2), LBP-83-32A, 17 NRC 1170,
1177 (1983); Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation), LBP-99-35, 50
NRC 180, 194 (1999).

’ Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 590 (1993).




These admonitions are particularly relevant with respect to Part B of Utah L, be-
cause the “experts” tendered by the State in support of its contention are either not ex-
perts at all on the topics they purportedly address, or have expertise that is circumscribed
to only discrete aspects of the areas of their proposed testimony.6 Accordingly, the alle-
gations made by the State in Part B of Utah L, and those that the State can be anticipated
to make in response to the instant motion, are insufficiently supported by expert opinions
to create issues of fact that need to be litigated.

III. DISCUSSION

A. NO MATERIAL DISPUTE EXISTS REGARDING THE APPLICA-
BILITY OF THE PROBABILISTIC SEISMIC HAZARDS ANALY-
SIS METHODOLOGY TO THE PFSF DESIGN

In Part B of Utah L, the State suggests that the seismic analyses conducted by PFS
are flawed because they do not use the deterministic analysis methodology specified in
10 CFR § 72.102(f). This claim, however, does not give rise to a litigable contention.
The State has failed to provide any basis for a ruling that the PSHA methodology used by
PFS is inadequate for the seismic design of the facility. In fact, the PSHA methodology
is being adopted by the NRC in its current policy and practices, and is widely used and
well-established in the technical community. Cornell Dec. §{7-10.

The NRC has adopted the PSHA methodology in 10 C.F.R. § 100.23 and Regu-

latory Guide 1.165, which call for the use of PSHA in the seismic design of new nuclear

® For example, State witness Dr. Resnikoff asserts that he will evaluate the potential for the concrete in the
HI-STORM storage casks to crack under seismic loads, even though he has never evaluated before the po-
tential cracking of concrete. Deposition of Marvin Resnikoff (“Resnikoff Dep.”) at 43-44, 50. Similarly,
he asserts that he will evaluate the potential for thermal degradation of the concrete under postulated cask
tipover conditions, though he has never done such an evaluation. Id. at 44-47. When asked how he
planned to undertake these and other related evaluations, he acknowledged that he had no idea. Id. at 70-
75, 80-82, 90-93. Further, with respect to the major point at issue in Part B of Utah L, the establishment of
appropriate design standards, none of the State’s expert witnesses have previous experience in the setting of
standards, the development of codes and standards, or the selection of appropriate margins of safety.
Deposition of Walter J. Arabasz (“Arabasz Dep.”) at 21-23, 31, 40, 99; Deposition of Farhang Ostadan
(“Ostadan Dep.”) at 81-82; Deposition of Steven Barlett (“Barlett Dep.”) at 20-21. In contrast, PFS expert
Dr. Cornell has extensive experience in developing codes and standards in a wide variety of settings. Cor-
nell Dec. q{1-3.




power plants. Id. §10. The NRC is also using PSHA procedures in other regulatory ar-
eas. Id. This move towards probabilistic analyses is consistent with the NRC’s policy of
risk-informed regulations and decision making. Id.

Moreover, use of the PSHA methodology has been widely adopted in a variety of
other technical settings; it has, for example, been incorporated in the design of buildings,
offshore structures, and other facilities. Id. §i1. Even the State’s expert agrees that
PSHA is the appropriate methodology to use for the seismic analyses of the PFSF. Ara-
basz Dep. at 44-45. Thus, the State’s claim that a deterministic methodology should be

used is without support and raises no litigable contention.

B. USE OF A 2,000 YEAR RETURN PERIOD EARTHQUAKE AS
THE BASIS OF THE PFSF DESIGN IS SUFFICIENTLY PROTEC-
TIVE OF PUBLIC HEALTH AND SAFETY

Use of the PSHA methodology to perform the seismic design of facilities such as
the PFSF requires: (1) adopting a risk-graded approach to safety, under which the prob-
ability of failure of a facility or structure is deemed acceptable or not depending on the
gravity of the consequences of such a failure, and (2) taking into consideration that the
risk of failure of a facility or structure depends on both the probability of occurrence of
the seismic event (often expressed as the mean annual probability of exceedence or
“MAPE” of a given earthquake level) and the level of conservatism incorporated in the
design procedures and criteria. Cornell Dec. 13.

Adoption of a risk-graded approach to the seismic analysis and design have been
endorsed by the NRC Staff, the U.S. Department of Energy (“DOE”), the Federal Emer-
gency Management Agency and other national and international standard-setting organi-
zations. Id. §15. Applying a risk-graded approach to the seismic design of ISFSIs such
as the PFSF means that such facilities can be allowed to have a higher probability of fail-
ure than nuclear power plants, for which the consequences of failure are far more severe.

Id. 1716, 17.



The U.S. Department of Energy, in its Standard 1020, has implemented the risk-
graded approach to seismic analysis and design by dividing its facilities into four “per-
formance categories,” with increasing performance goals (that is, decreasing probability
of failure) depending on the potential consequences of facility failure. 1d. §20. ISFSIs
are classified as Performance Category (“PC”)3 facilities; critical facilities such as nu-
clear reactors are classified as PC4 facilities. Id. DOE has set performance goals for PC3
and PC4 facilities of, respectively, 10 and 10, (This means that the performance goal
for a PC3 category is to have an annual probability of failure of one in ten thousand or
10*) Id. 921. DOE has also set MAPEs for the design basis ground motions of 5 x 10™
for PC3 facilities and 1 x 10™ for PC4 facilities. Id. The 5 x 10 MAPE for PC3 facili-
ties under DOE Standard 1020 is identical to the DBE for PFSF under the exemption
granted by the Staff; that is, a 2,000 return period earthquake.

In order to achieve the desired performance goals given the postulated MAPEs,
DOE 1020 provides “risk reduction ratios” (Rgs) for each facility category. The risk re-
duction ratios measure the conservatisms incorporated into the design of a facility by
which the desired performance goals are achieved. Id. 924, 44. For PC3 facilities, the
DOE 1020 standard sets a Rg of 5; for PC4 facilities, the Ry is 10. Id. 922 and Table 1.

Although the NRC has not set explicit performance goals or risk reduction ratios
for ISFSIs or nuclear power plants, its standards and guidelines also contain many con-
servatisms that result in risk reduction factors as large as or larger than those specified in
DOE 1020. Id. §25. The “performance goal” for nuclear power plants is a probability of
seismic “failure” (core damage) of approximately 107, the same set by DOE for PC4 fa-
cilities. Id. §27. The typical safe shutdown earthquake for a nuclear power plant has a
MAPE of 107, Id. 1927, 38. From those two values, it is possible to infer that nuclear
power plants design standards, set forth in the Standard Review Plan (“SRP”), achieve a

risk reduction ratio Rg of approximately 10. Id. This Rg figure is independently con-



firmed by NRC studies that show that components designed to NRC SRP standards have
risk reduction ratios in the range of 5 to 20, or greater. Id. §25.

The important-to-safety SSCs of an ISFSI such as the PFSF are subject to essen-
tially the same SRP design requirements as nuclear power plants. See Holtec Dec. |{11-
13 (storage casks and canisters); Ebbeson Dec. 412 Canister Transfer Building (“CTB”),
13 (structural steel members), 14 (cranes). Accordingly, the design of a facility like the
PFSF would provide a risk reduction factor of approximately S to 20. Since the MAPE
for the PFSF is 5 x 10™, the annual probability of failure of PFSE’s SSCs is in the range
0f2.5x 107 to 10™ or lower (i.e., mean return periods of failure of 10,000 to 40,000
years or more). These figures are at least as conservative, or more so, than the perform-
ance goal set by DOE 1020 for comparable PC3 facilities, which is 10™. Cornell Dec.
q26. Accordingly, the DBE selected for the PESF, with a 2,000 year return period, pro-
vides a level of protection against failure which is comparable to or greater than that pro-
vided by DOE standards. Id. |

Moreover, the level of protection against failure (2.5 x 10”° to 10*) for an ISFSI is
appropriate in comparison to the level of protection against failure for a nuclear power
plant (10”), under the risk-graded approach to PSHA design. Id. §27. It is consistent
with a risk-graded approach that an ISFSI such as the PFSF have a probability of failure 4
to 10 times greater than that of a nuclear power plant.

The risk reduction ratios achieved by the conservatisms in the designs of the IFSF
SSCs are confirmed by analyses recently conduced by PFS contractors and vendors,
which show that the facility’s SSCs can survive earthquakes with return periods signifi-
cantly greater than the 2,000 years of the PFSF DBE; specifically, the storage casks and

canisters and the CTB have been shown to be able to survive, without loss of safety

" The State’s expert witness Dr. Arabasz acknowledged that he was not familiar with the risk reduction
factors achieved for facilities designed to the NRC SRPs. Arabasz Dep. at 83, 116-117.




function, the ground motions of a 10,000 year return period earthquake. Thus, they easily
meet or surpass the 10 performance goal set in DOE 1020. Id. §29.

These results demonstrate, both in absolute terms and by comparison to nuclear
power plant standards, that the PFSF seismic design basis consisting of a 2,000 year re-
turn period earthquake and compliance with SRP design procedures and criteria provide
an appropriate and consistent level of protection to public health and safety. I1d. §30.

The PFSF seismic designs, therefore, “are sufficiently protective of public safety and
property,” as called for by the Commission in CLI-01-12.

C. THE BASES ASSORTED BY THE STATE IN SUPPORT OF ITS
CONTENTION ARE INCORRECT AND RAISE NO MATERIAL
ISSUES OF FACT

In addition to advocating the use of a deterministic analysis methodology, the
State also alleges that, should a PSHA be used in the seismic analyses of the PFSF, the
return period of the design basis earthquake should be 10,000 years or “a return period
significantly greater than 2000 years.” However, the State and its experts have provided
no valid reason for imposing a requirement to analyze the PFSF against a seismic event
with a longer return period than 2,000 years, and the specific bases cited in support of the

State's contention are erroneous and unpersuasive.

1. The Failure of the Staff to Conform the Seismic Exemption to
the Rulemaking Plan in SECY-98-126 Does Not Create a Liti-

gable Issue

The State’s first basis for contesting the use of a 2,000 year return period earth-

quake as the DBE for the PFSF is that a 10,000 year earthquake was specified in the
rulemaking plan for 10 C.F.R. Part 72 developed by the NRC Staff in 1998.% This con-
tention, however, raises no factual or legal issue fit for adjudication. A rulemaking plan

is only a planning tool by the Staff that is subject to modification in the course of devel-

$ SECY-98-126, from L. Joseph Callan ("EDO") to the Commissioners, “Rulemaking Plan: Geological and
Seismological Characteristics for Siting and Design of Dry Cask Independent Spent Fuel Storage Installa-
tions, 10 C.F.R. Part 72," dated June 4, 1998.




oping a proposed rule, and which can be set aside in individual cases if circumstances
warrant.” The Commission’s order that admitted Part B of Utah L for litigation recog-
nized that there was no obligation to comply with the rulemaking plan in seeking or
granting an exemption. The NRC stated that all an applicant need do “in seeking an ex-
emption from [its] existing regulations . . . [is] only to justify the seismic hazard analysis
and design standards it proposes to use.” Private Fuel Storage, L1.C (Independent Spent
Fuel Storage Installation), CLI-01-12, 53 NRC 459, 471 (2001).

Moreover, the State’s assertion that failure to comply with the draft rulemaking
plan should be of some import in this proceeding is mooted by the fact that the NRC Staff
has recommended to the Commission a modification of the rulemaking plan in SECY-98-
126 that would use a 2000-year mean return period design basis earthquake as the basis
for ISFSI design; this is the same DBE approved by the Staff in the exemption it granted
for the PFSF. SECY-01-0178 (September 26, 2001). Therefore, the grounds asserted by
the State in this basis are no longer valid, if they ever were.

Finally, the showing that the Commission required of the PFSF is that "the 2000
year design standard is sufficiently protective of public safety and property." CLI-01-12,
53 NRC at 472. As discussed in Subsection B above, such a showing has been suffi-
ciently made. Therefore, nothing remains to be litigated with respect to this basis of the
State's contention.

2. The State Has Raised No Disputed Issues of Fact Regarding
the Ability of the PFSF’s Design to Provide Adequate Protec-
tion Against Exceeding Regulatory Dose Limits

The State asserts in Basis 2 of Part B of Utah L that PFS has failed to show that
the facility design will provide adequate protection against exceeding the 10 C.F.R.
§72.104(a) dose limits. As observed by the Licensing Board, this claim is “an adjunct” to

Basis 1 in which the State claims that the use of a 2,000-year mean return period design

® See, e.g., Yankee Atomic Electric Co. (Yankee Nuclear Power Station), CLI-96-7, 43 NRC 235 (1996).
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basis earthquake is improper because it fails to conform to the rulemaking plan in SECY-
98-126. Private Fuel Storage, LL.C (Independent Spent Fuel Storage Installation), LBP-
01-03, 53 NRC 84, 96 (2001). Thus, this basis is insufficient for the same reasons that
Basis 1 is inadequate. In fact, PFS has shown that the design of the PFSF, on the basis of
the 2000 year return period earthquake and the SRP guidelines, provides adequate pro-
tection against exceeding the regulatory dose limits, because the important-to-safety
SSCs at the PFSF have a high likelihood of surviving without loss of safety function a
significantly more severe earthquake than the 2,000 year return period DBE. Ebbeson
Dec. §27; Holtec Dec. 34. In fact, critical components and structures, such as the spent
fuel storage casks and fuel canisters and the Canister Transfer Building, have been shown
by analysis to be able to withstand the forces imparted on them by a 10,000 year return
period earthquake, such as the one postulated by the State. Holtec Dec. §34; Ebbeson
Dec. 919.

In reality, the State is once again trying to get its often-raised geotechnical claims
into litigation through the back door, by alleging that the PFSF seismic design has not
been shown to provide adequate protection against a 2,000 year return period seismic
event. The State has attempted on several occasions to attack the adequacy of certain as-
pects of the PFSF seismic design: it sought, in an untimely manner, to expand the scope
of Contention Utah L'°, and it has sought repeatedly to have admitted into this proceed-
ing its late-filed Contention QQ.'! This is the State’s third untimely attempt to raise a

seismic design contention. However, Part B of Utah L is about whether the exemption

1% State of Utah’s Response to Applicant’s Motion for Summary Disposition of Utah Contention L (January
30, 2001).

' See State of Utah’s Request for Admission of Late-Filed Contention Utah QQ (May 16, 2001); State of
Utah’s Request to Modify the Bases of Late-Filed Contention Utah QQ in Response to further Revised
Calculations from the Applicant (June 19, 2001); State of Utah’s Second Request to Modify the Bases of
Late-Filed Contention Utah QQ in Response to More Revised Calculations for the Applicant (August 23,
2001); State of Utah’s Objections and Responses to Applicant’s Seventh Set of Formal Discovery Re-
quests, response to Interrogatory No. 4(b); Ostadan Dep. 55-65; Barlett Dep. 66-70.

11



allowing PFES to utilize PSHA and a 2,000 year MRP DBE was appropriate. This con-
tention does not concern whether the design of the PFSF to satisfy the design basis earth-
quake requirements is adequate. Therefore, the State’s arguments against the design are

irrelevant here.

3. The State Has Failed to Raise a Valid Factual Dispute Re-

garding the Staff’s Differentiation Between Radiological Haz-
ards Associated with ISFSIs and Those Associated with Nu-
clear Power Plants

In Basis 3 of Part B of Utah L, the State challenges the Staff’s justification for
granting the PFS exemption request by claiming that the Staff’s reliance on the reduced
radiological hazard of stand-alone ISFSIs in comparison to commercial power reactors is

3

based on “incorrect factual and technical assumptions.” The incorrect factual and tech-
nical assumptions referred to by the State appear to stem from the State’s assertion that
the Staff used an improper standard for comparing the probability of exceeding a design
basis safe shutdown earthquake ("SSE") at a nuclear power plant versus the probability
that the DBE for the PFSF will be exceeded. The State claims that for a nuclear power
plant the “design ground motions would have to correspond to a median annual probabil-
ity of exceedance of 10™.” State of Utah’s Request for Admission of Late-Filed Modifi-
cation to Basis 2 of Contention Utah L at 8 (November 9, 2000). This assertion, how-
ever, is demonstrably incorrect.

Regulatory Guide 1.165, relied on by the State, provides that the annual probabil-
ity level of the SSE may be based on a median estimate of 10°. However, the State fails
to recognize that the typical SSE at existing nuclear power plants across the country has a
mean annual probability of exceedance of 10™. Cornell Dec. §38. While the Staff re-
ferred to using median estimates in Regulatory Guide 1.165, the Staff currently would
use mean estimates because they provide a better way to deal with uncertainty in prob-

abilistic estimates. Id. 35. Indeed, the Staff has recently made statements and drafted

regulations that reflect a preference for using a mean estimate. Id. §37.

12




Furthermore, the Staff’s use of the mean probability estimate of 10 in granting
PFS’s exemption request is appropriate. This value represents the average mean annual
probability of exceeding the SSE at existing nuclear power plants. Id. at §38. Therefore,

there was no error in the Staff's analysis, and the State's challenge to it in Basis 3 is with-

out merit.
4. The Staff’s Reliance on the DOE Standard is Appropriate

Basis 4 of Part B of Utah L attacks the Staff’s reliance on DOE Standard 1020
and its PC3 facility category to characterize ISFSIs such as the PFSF, because the SECY-
98-126 Rulemaking Plan did not adopt the various DOE facility performance categories.
Yet, the State has asserted no grounds -- other than the reference to the 1998 Rulemaking
Plan -- for disregarding the DOE standard, which uses a 2,000 year DBE for facilities
comparable to the PFSF. See Cornell Dec. §920-22.

As indicated above, the DOE 1020 standard employs different design procedures
and evaluation criteria for each category of facility, reflecting the differences in facility
importance and acceptable earthquake risk. The State does not show why using an
analogous approach for the PFSF would be improper. To the contrary, the State's own
expert witness acknowledges that reliance on the DOE 1020 standard is appropriate, and
that such a standard, as it pertains to PC3 structures, should be applied at the PFSF. Ara-
basz Dep. at §0-81.

The State, in its responses to PFS interrogatories, claims that PFS has not demon-
strated that its use of a 2000-year DBE would meet the DOE-1020 performance goal for
Performance Category 3 (i.e., a mean annual probability of failure of 10*). As discussed
in Subsection B above, however, the DOE-1020 performance goal for PC3 facilities
would be met and even bettered at the PFSF, because compliance with the SRP provides
a level of conservatism equal to or greater than that achieved using DOE 1020 risk re-

duction ratios.

13



For these reasons, the State's challenge to the Staff's reliance on DOE 1020 is un-

founded and Basis 4 does not set forth issues requiring adjudication.

5. The Staff appropriately relied on the TMI-2
ISKFSI facility exemption

Basis 5 of Part B of Utah L asserts that the Staff improperly relied on the prece-

dent set by the exemption it granted in1998 to DOE’s Idaho National Engineering and
Environmental Laboratory ("INEEL") for the ISFSI for Three Mile Island Unit 2 ("TMI-
2"). The ground for the State's challenge is the allegation that factual differences between
the TMI-2 ISFSI facility and the PFSF make it improper for the Staff to rely on the TMI-
2 exemption as precedent. The two factual differences asserted in the contention are: (a)
the existing INEEL design standards are for a higher risk facility at the ISFSI host site;
and (b) INEEL used a peak design basis horizontal acceleration of 0.36 g, which was
higher than the 2000-year return period value of 0.30 g used at PFSF. The State has
never explained the significance of these differences and has retreated to the unpersuasive
assertion that “an exemption does not prove the rule...” State of Utah’s Objections and
Response to Applicant’s Seventh Set of Formal Discovery Requests to Intervenor of State
of Utah, Answer to Interrogatory No. 7. However, there is no doubt that at the time the
INEEL exemption was approved, the NRC Staff and the Commission expected (and in-
tended) that it would serve as a precedent towards the granting of similar exemptions in
the future. The NRC Staff’s final statement to the Commission in SECY-98-071 states:
“If the staff grants the exemption to 10 CFR 72.102 (f)(1), this may impact the licensing
process for other ISFSIs in the western United States. Until the ISFSI seismic require-
ment in Part 72 is amended by rulemaking, the staff may receive similar exemption re-
quests for other ISESIs to be sited west of the Rocky Mountain front.” This language
shows that the Staff intended that the exemption it was granting for INEEL would be re-
lied upon as precedent for other exemption applications, as was done in the case of the

PFSF.
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Moreover, as the State recognizes, the TMI-2 exemption shows that the use of a
2,000-year return period earthquake is not unprecedented. The State has failed to give
any explanation why it is necessary to litigate over the undisputed precedential value of

the INEEL exemption. As such, there is no material dispute of relevant fact.

6. Use of the PSHA with a 2,000-Year Return Period Ensures
Adequate Conservatism

Finally, the State attacks the 2,000-year return period earthquake exemption by
asserting that design levels for new Utah buildings and highway bridges are more strin-
gent than the standards allowed by the exemption. The State bases this assertion on stan-
dards such as the International Building Code (“IBC”) 2000, which will require a return
period of approximately 2500 years for the design basis earthquake when it goes into ef-
fect. This return period is longer than the one proposed for the PFS. The State argues
that the difference in the definition of DBE implies a lower probability of failure for
SSCs designed under IBC-2000 than an ISFSI designed against a 2,000 year return period
earthquake. However, the State overlooks that the design procedures and criteria used by
IBC-2000 are much less conservative than those under the NRC’s SRP that govern the
design of the PFSF. Comell Dec. §46. As discussed above, the level of safety achieved
depends on both the earthquake threat definition and the design procedures and criteria
utilized to protect against that threat; thus, looking only at the earthquake return period is
incorrect.

Indeed, the model building codes cited by the State are much less conservative
than the SRP. For example, the building codes permit more liberal allowances for the
benefits of post-elastic behavior than the SRP. Cornell Dec. §47. The net result is that,
because the procedures used for the design of the PFSF are far more conservative, typical
PFSF SSCs have a mean annual probability of failure several times lower than buildings
designed to model building code standards. Id. §49. In addition, as discussed above, a

number of key SSCs in the PFSF have great robustness and/or fractional operating peri-
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ods, which reduces their failure probabilities even further. Id. §47. Therefore, the alle-
gation that model building codes provide greater protection against the effects of earth-
quakes is simply not true.

The State further claims in Basis 6 that the 2,000-year mean return period for the
PES facility does not ensure an adequate level of conservatism because the return period
was chosen based on the twenty-year initial licensing period rather than a potential thirty
to forty-year operating period. This claim ignores the fact that the length of the license at
issue is immaterial, since in virtually all areas of public safety, hazards are measured as
annual probabilities (or frequencies) of occurrence, regardless of the length of the license.
Cornell Dec. 49. This is also the case with respect to risk acceptance guidelines prom-
ulgated by the NRC. Id. Therefore, this portion of Basis 6 also fails to raise a material
issue of fact needing adjudication.

D. THE DESIGN OF THE PFSF RESULTS IN SAFETY STRUC-
TURES CAPABLE OF WITHSTANDING EVEN THE SEVERE
SEISMIC EVENTS POSTULATED BY THE STATE

The main thrust of the allegations in Part B of Utah L is that designing the PFSF
against a 2,000 year return period DBE is insufficiently conservative, and that the im-
portant-to-safety SSCs at the facility should be able to meet the accelerations produced
by a 10,000 year seismic event, or at least one having a return period “significantly
greater than 2000 years.” However, even taking the contention’s allegations at face
value, they do not set forth an issue of material fact requiring litigation at a hearing be-
cause the SSCs at the PFSF are capable of accommodating the higher earthquake load-
ings that the State contends should be applied.

The HI-STORM storage casks and canisters are designed to have excellent resis-
tance against seismic events, being designed to the same industry codes used for the

manufacture of reactor pressure vessels, primary systems piping, and supports. Holtec
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Dec. 999, 11-13. As a result, their design is extremely conservative and has very high
margins against failure. Id. §{11-13.

Indeed, the cask manufacturer has demonstrated by analysis that the storage casks
will not overturn when subjected to the forces imparted by a 10,000 year return period

earthquake. Id. §16. Even if one assumes hypothetically that the casks do tip over, the

accelerations imparted upon the casks are within design allowables and do not signifi-
cantly affect the integrity of the casks or the canisters containing spent fuel. Id. §18.
Moreover, the margins in the design of storage casks and fuel canisters are so large that it
is highly unlikely that the canisters would be breached even under significantly more se-
vere conditions than those resulting from a 10,000 year return period earthquake. Id. 920.

From the standpoint of radiation doses at the PFSF site boundary, under normal
conditions with all storage casks upright, extremely conservative dose calculations per-
formed by the storage cask vendor show that the annual radiation doses at the site bound-
ary are 5.85 mrem/year, only a fraction of the dose limit of 25 mrem/yr set by 10 C.F.R.
§72.104(a) for normal operations and an even smaller fraction of the allowable dose of 5
rem/yr set in 10 C.F.R. §72.106(b) for accident conditions. See Section 7.3.3.5 and Table
7.3.7 of the PFSF SAR; Holtec Dec. 923, 31.

The occurrence of a 10,000 year return period earthquake does not materially alter
these dose calculation results. In fact, if one assumes a storage cask tips over as a result
of such an earthquake and remains in a horizontal position, the doses at the site boundary
are less than if the cask had remained upright. Holtec Dec. 428. Indeed, the radiation
doses at the boundary remain essentially unchanged regardless of whether one assumes
that a single cask, a number of them, or all of the casks tip over, and regardless of the
length of time the casks remain tipped over. Id. 32, 33.

Another accident scenario that could be postulated involving fuel storage canisters

is the potential drop of one such canister due to the occurrence of a beyond-design basis
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earthquake (such as the 10,000 year return period seismic event) while the canister is in
the process of being transferred from a shipping cask to a storage cask in the CTB.

The occurrence of such an event is extremely improbable, due to the very high
margins incorporated into the design of components whose failure could cause the drop,

such as the CTB cranes. These cranes are single-failure-proof and are capable, due to the

conservative nature of their designs, to withstand the loadings of an earthquake far more
severe than the 2,000 year return period DBE. See Holtec Dec. §21; Ebbeson Dec. §25.
Nonetheless, assuming a postulated failure of one of these components causes a canister
to drop a distance of 25 feet into an unyielding surface, analyses by the canister manu-
facturer demonstrate that the canister will readily survive the drop, because the strain to
which it will be subjected is only 41% of the failure limit for the material. Holtec Dec.
q22.

Finally, analyses of other important SSCs in the CTB, such as the building itself,
its roof, and the seismic struts that provide restraints for the casks during canister transfer
operations, demonstrate that these components have a high likelihood of surviving with-
out loss of safety function a significantly more severe earthquake than the design basis
2,000 year return period event. See Ebbeson Dec. 916-27. These analyses do not even
include margins inherent in the designs of the structures and components that are known
to exist but are not easily quantifiable, such as the reserve capacity that exists in steel
structures above the onset of yielding. Ebbeson Dec. §21.

For these reasons, the use of a 2,000 year return period DBE, coupled with the
conservatisms inherent in the design of SSCs to NRC standards, assure that the impor-
tant-to-safety SSCs at the PFSF will be capable of surviving the extreme loadings postu-
lated by the State in Part B of Utah L. Therefore, there is no material issue of fact re-

maining with respect to the contention that requires adjudication.
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IV. CONCLUSION
For the above reasons, the Board should grant summary disposition of Part B of

Contention Utah L.

Respectfully submitted,

Faul) Yyl

Jay E. Silberg
Ernest L. Blake, Jr.
Paul A. Gaukler
Matias F. Travieso-Diaz
SHAW PITTMAN LLP
2300 N Street, N.W,
Washington, DC 20037
Dated: November 9, 2001 Counsel for Private Fuel Storage L.L.C.
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November 9, 2001

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of
Docket No. 72-22
PRIVATE FUEL STORAGE L.L.C.
ASLBP No. 97-732-02-ISESI

(Private Fuel Storage Facility)

STATEMENT OF MATERIAL FACTS
ON WHICH NO GENUINE DISPUTE EXISTS

Applicant submits, in support of its motion for summary disposition of Part B of Utah
Contention L (Geotechnical) (“Part B of Utah L"), this statement of material facts as to which

the Applicant contends there is no genuine issue to be heard.

I BACKGROUND

1. Part B of Utah L was admitted by the Atomic Safety and Licensing Board
(“Board” or “ASLB”) as a contention on June 15, 2001, pursuant to a
Commission order. See Memorandum and Order (Requesting Joint Scheduling
Report and Delineating Contention Utah L) (June 15, 2001). As admitted, Part B
of Utah L asserts:

B. Relative to the PFS seismic analysis supporting its
application and the PFS April 9, 1999 request for an exemption
from the requirements of 10 C.F.R. § 72.102(f) to allow PFS to
employ a probabilistic rather than a deterministic seismic hazards
analysis, PFS should be required either to use a probabilistic
methodology with a 10,000-year return period or comply with the
existing deterministic analysis requirement of section 72.102(f), or,
alternatively, use a return period significantly greater than

2,000 years, in that:

1. The requested exemption fails to conform to the SECY-98-126
(June 4, 1998) rulemaking plan scheme, i.e., only 1000-year



and 10,000-year return periods are specified for design
earthquakes for safety-important systems, structures, and
components (SSCs) — SSC Category 1 and SSC Category 2,
respectively — and any failure of an SSC that exceeds the
radiological requirements of 10 C.F.R. § 72.104(a) must be
designed for SSC Category 2, without any explanation
regarding PFS SSC compliance with section 72.104(a).

. PFS has failed to show that its facility design will provide
adequate protection against exceeding the section 72.104(a)
dose limits.

. The staff’s reliance on the reduced radiological hazard of
stand-alone ISFSIs as compared to commercial power reactors
as justification for granting the PFS exemption is based on
incorrect factual and technical assumptions about the PFS
facility’s mean annual probability of exceeding a safe
shutdown earthquake (SSE), and the relationship between the
median and mean probabilities for exceeding an SSE for
central and eastern United States commercial power reactors
and the median and mean probabilities for exceeding an SSE
for the PFS facility.

. In supporting the grant of the exemption based on 2,000-year
return period, the staff relies upon the United States
Department of Energy (DOE) standard, DOE-STD-1020-94,
and specifically the category-3 facility SSC performance
standard that has such a return period, notwithstanding the fact
the staff categorically did not adopt the four-tiered DOE
category scheme as part of the Part 72 rulemaking plan.

. In supporting the grant of the exemption based on the 2,000-
year return period, the staff relies upon the 1998 exemption
granted to DOE for the Idaho National Engineering and
Environmental Laboratory (INEEL) ISFSI for the Three Mile
Island, Unit 2 (TMI-2) facility fuel, which was discussed in
SECY-98-071 (Apr. 8, 1998), even though that grant was based
on circumstances not present with the PFS ISFSI, including (a)
existing INEEL design standards for a higher risk facility at the
ISFSI host site; and (b) the use of a peak design basis
horizontal acceleration of 0.36 g that was higher than the
2,000-year return period value of 0.30 g.

. Because (a) design levels for new Utah building construction
and highway bridges are more stringent; and (b) the PFS return
period is based on the twenty-year initial licensing period
rather than the proposed thirty to forty-year operating period,




10.

the 2,000-year return period for the PFS facility does not
ensure an adequate level of conservatism.

The current regulations for the seismic design of Independent Spent Fue] Storage
Installations (“ISFSIs”) at sites west of the Rocky Mountains (10 C.F.R. § 72.102)
provide for a seismic assessment of the design basis seismic ground motions
based on the deterministic procedures formerly used for nuclear power plant
design (Appendix A, 10 CFR Part 100).

On April 2, 1999 PFS filed an exemption request with the NRC to use a
probabilistic seismic hazard analyses (“PSHA”) for determining the seismic
design basis of the Private Fuel Storage Facility (“PFSF”) instead of the
deterministic approach currently provided for by 10 C.F.R. § 72.102.

In its Safety Evaluation Report for the PFSF, the NRC Staff found the use of the
PSHA methodology with a 2,000-year return period for the seismic design basis
of the PESF to be acceptable.

The PSHA methodology is better able to incorporate risk considerations and
uncertainties in establishing seismic design bases than is the deterministic
methodology and therefore is in accordance with the Commission’s movement
toward risk-informed regulation. Declaration of C. Allin Cornell (“Cornell Dec.”)
9 8-10; Deposition of Walter I. Arabasz (“Arabasz Dep.”) at 44-45.

The use of the PSHA methodology for establishing seismic design basis ground
motions is the dominant and favored methodological choice in other fields.
Current regulations and guidelines based on probabilistic principles include those
governing the design of buildings, offshore structures, and DOE facilities.
Comell Dec. § 11; see also Arabasz Dep. at 44-45.

In 1997, the Commission amended Parts 50 and 100 of its regulations to provide
for the use of the PSHA methodology for the seismic design of new nuclear
power plants. 100 C.F.R. § 100.23.

Thus, use of a PSHA to characterize the seismic hazard at the PFSF site and to set
the seismic design basis of the PFSF is appropriate and fully consistent with both
NRC and broader engineering policy and practice. Cornell Dec. 99 8-12; Arabasz
Dep. at 44-45.

Most modern seismic design criteria are based on a graded approach to seismic
safety, permitting facilities or structures with less severe failure consequences to
have larger mean annual probabilities of failure. Cornell Dec. Y 14-15; Arabasz
Dep. at 59-60.

Dry cask ISFSIs, such as the PFSF, are recognized by the NRC as being
inherently less hazardous than operating nuclear power plants and less vulnerable
to earthquake-initiated accidents than an operating nuclear power plant. See, e.g.,



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

60 Fed. Reg. 20,883 (1998); 45 Fed. Reg. 74,697 (1980). See also Cornell Dec.
99 16-17; Arabasz Dep. at 58-59.

Because of the lower radiological hazards posed by dry cask ISFSIs, it is
appropriate to allow a higher probability of failure for such facilities due to an
earthquake than for operating nuclear power plants. Cornell Dec. § 16; Arabasz
Dep. at 59.

Two factors are relevant to determining the likelihood of seismic failure of a
facility or structure due to an earthquake event. These are (1) the seismic design
basis earthquake (“DBE”) for the facility or structure and (2) the conservatisms
embodied in the codes and standards applicable to its seismic design. Cornell
Dec. ] 18-19; see also Arabasz Dep. at 41-42, 81-84, 115-117.

The average mean Safe Shutdown Earthquake (“SSE”) for the seismic design
basis for nuclear power plants located in the Eastern and Central part of the
United States has been calculated to be 1x10 ™, or a return period earthquake of
10,000 years. Cornell Dec. § 38, Arabasz Dep. at 61-62, 70.

The average mean SSE for the seismic design basis for nuclear power plants
located in the Western United States has been calculated to be 2x10 ™, or a return
period earthquake of 5,000 years. Cornell Dec. Exhibit 3; Arabasz Dep. at 69-71.

Accordingly, using an average mean SSE of 1x10 ~ approximately represents the
seismic design basis for nuclear power plants in the Eastern, Central and Westemn
regions of the United States. Arabasz Dep. at 70-71; Cornell Dec. q 38.

The mean estimate is generally preferred to the median estimate when making
decisions based on uncertain annual probabilities and frequencies because the
mean estimate better captures and reflects uncertainties than the median estimate.
Cornell Dec. 4] 37; Arabasz Dep. at 62-63.

The NRC has chosen as a general matter to use mean estimates to express
uncertain annual probabilities and frequencies. Cornell Dec. § 36.

The use of a median estimate in Regulatory Guide 1.165 was based on a
discrepancy in the mean estimates for nuclear power plant SSEs in the Central
and Eastern United States between two major studies at the time of its issuance.
This discrepancy has since been resolved. Cornell Dec. q 36.

The State’s argument for the use of a median estimate in lieu of the mean estimate
for the design of nuclear power plants, and similarly for ISFSIs, would lead to
inconsistent mean SSE probabilities across the country for such facilities because
the ratio of the mean to the median is not constant across all regions of the
country. Cornell Dec. ¥ 38; see also Arabasz Dep. at 60-63.

The Department of Energy Standard 1020 (“DOE-1020") provides a good
example of a graded approach to seismic safety using both factors referred to in
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22.
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26.

27.

28.

29.

30.

31

Material Fact Statement No. 12 for determining seismic safety. Comell Dec.
9 20; Arabasz Dep. at 59-60, 70.

DOE-1020 has four performance categories for seismically designed facilities and
structures with increasing consequences of failure and decreasing probabilities or
seismic failure as their performance goals. Comell Dec. ] 20-22; Arabasz Dep.
at 74-78.

Under DOE-1020 the seismic performance goals, i.e., the probability of seismic

failure are less than the probability of exceedance of the ground motions for the
DBE. Cornell Dec. §f 21-22; Arabasz Dep. at 80-81.

Under DOE-1020, the PFSF would be classified as a PC3 facility. Cornell Dec.
9 26; Arabasz Dep. at 80-81.

Under DOE-1020, PC3 structures systems and components have a seismic
performance goal or failure probability of 1x10™. This is a rationale and
appropriate performance goal for the PFSF. Cornell Dec. { 21-22, 26-27,
Arabasz Dep. at 80-81.

The difference between the mean probability of exceedance of the DBE and the
performance goal is obtained by conservatisms incorporated into the applicable
design procedures and criteria. Cornell Dec. Y 19, 22.

The conservatisms in DOE-1020 embodied in the risk reduction factor Ry for PC3
structures systems and components is 5. Together with the mean probability of
exceedance of the DBE in DOE 1020-94 for category PC3 of 5x10™, this R
meets the performance objectives for PC3 structures, systems and components of
1x10*. Cornell Dec. §4 21-22.

The risk reduction factor for DOE-1020 category PC4 facilities, such as nuclear
reactor facilities, is 10. Comell Dec. §{21-22.

In DOE-1020, the required risk reduction levels, Rg, are achieved through use of
the DOE design and evaluation criteria specified in Chapter 2 of the Standard and
related appendices. Cornell Dec. § 24.

The design guidelines provided by NRC Standard Review Plans (“SRPs”) contain
numerous conservatisms that result in risk reduction factors as large as, or larger
than, those provided for PC4 facilities under DOE-1020. Cornell Dec. § 25 and
Attachment A.

The State’s expert witness Dr. Arabasz acknowledge that he was not familiar with
the risk reduction factors achieved for facilities designed to NRC SRPs. Arabasz
Dep. at 83, 116-117.

Important to safety structures systems and components at the PFSF are designed
in accordance with the NRC SRPs and other nuclear industry standards that
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33.

34.

35.

36.

37.

38.

39.

40.

provide comparable conservatisms. Cornell Dec. 4§ 13, 26; Joint Declaration of
Krishna P. Singh, Alan I. Soler, and Everett L. Redmond, II. (“Holtec Dec.”)
(November 9, 2001) 4 11-13, 21; Declaration of Bruce E. Ebbeson (“Ebbeson
Dec.”) (November 9, 2001) § 12-16.

Designing the PFSF important to safety structures, systems and components
(“SSCs”) using the NRC SRPs means that the PFSF important to safety
structures, systems and components have seismic failure probabilities 5 to 20 or
more times lower than the 2,000 mean return period DBE, i.e., seismic failure
mean return periods of 10,000 to 40,000 years or more. Cornell Dec. § 25-26
and Attachment A.

Further, certain PFSF important-to-safety SSCs - the seismic support struts and
the Canister Transfer Building (“CTB”) cranes - are in an important safety
operational mode only approximately 20% of the time or less. Ebbeson Dec.
8-11, 27. For such intermittent use components, the annual probability of failure
is at least five times smaller. Comell Dec. q 29.

Based on Material of Fact Statements 29-33 above, the PFSF would meet the
performance objective of DOE-1020 1x10™ for PC3 facilities. This performance
objective for the PFSF is consistent with the NRC’s performance objective which
pose higher radiological consequences than ISFSI. Cornell Dec. Y 26-27.

Both in absolute terms and by comparison to nuclear power plant standards, the
proposed PFSF seismic design basis of a 2,000 MRP DBE and SRP design
procedures and criteria provide an appropriate and consistent level of protection
to the Public health and safety. Cornell Dec. q 30.

The design procedures and acceptance criteria for the International Building Code
2,000 are significantly less conservative than those in the NRC’s SRPs. Cornell
Dec. §47.

PFSF important-to-safety structures, systems and components will have a mean
annual probability of failure approximately 2.5 or more lower than “essential
structures” designed to IBC-2,000 standards. Cornell Dec. Y 46-47.

Assuming that a 2500-mean return period earthquake is used in the design of
certain essential bridges in Utah, the design of the PFSF using a 2,000-year return
period earthquake and NRC seismic SRP design criteria will provide higher level
of safety, than that for the bridges. Comell Dec. ] 48.

The proper focus in making facility safety decisions is on annual probabilities or
frequencies of occurrence. Cornell Dec. § 49; see also Arabasz Dep. at 51-52.

The HI-STORM Storage casks and multi-purpose canisters have significant built-
in conservatisms and design margins that assure their ability to perform beyond
design requirements and to resist very large earthquake induced forces. Holtec
Dec. §§ 11-13.
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43,
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51.

Loaded HI-STORM storage casks will not tipover under a beyond design basis,
10,000 year return period seismic event postulated to occur at the PFSF site.
Holtec Dec. q 15-17.

Even assuming hypothetical cask tipover under 10,000 earthquake return period
conditions, there would be no breach of the multipurpose canister confinement
boundary and no risk of radioactivity release. Holtec Dec. [ 18, 20.

The concrete of the HI-STORM storage casks will not crack under accelerations
produced by the 2,000 year design basis earthquake for the PFSF. Holtec Dec.
q24.

The concrete of the HI-STORM storage casks will not crack under accelerations
produced by a 10,000 year beyond design basis event at the PFSF. Holtec Dec.
9 24.

The localized damage to the radial concrete shield and outer steel shell of the HI-
STORM storage cask in an hypothetical tipover event would result in no
noticeable increase in radiation dose at the ISFSI site boundary. Holtec Dec.

99 25-28.

The dose rate at the PFSF site boundary will remain essentially unchanged
regardless of whether one assumes that a single cask, any number of casks, or all
the casks tipover. Holtec. Dec. ] 25-32.

There are significant conservatisms in the calculated dose rate of 5.85 mrem per
year at the PFSF boundary. Holtec Dec. § 31.

Taking one of the many conservatisms into account reduces the calculated dose
rate of 5.85 mrem per year by more than 50%. Holtec Dec. § 31.

Potential thermal degradation of the HI-STORM storage cask in a tipover
condition would have no significant effect on the radiation shielding function of
the storage cask. Holtec Dec. § 33.

The important-to-safety structures, systems and components of the CTB posses
for greater seismic loading capacities than the seismic loads imposed by the 2,000
year mean return period earthquake. Ebbeson Dec. §{ 16-26.

Directly quantifiable margins in the capacity of the CTB roof to withstand
accelerations well in excess of those produced by the 2,000 year return period
earthquake include the following:

a. The maximum calculated bending moment of a typical
girder is only 71% of the code allowable stresses.




52.

53.

54.

55.

56.

57.

b. The ultimate bending moment capacity of the roof is more
than 50% greater than the bending moment capacity based
on code allowable stresses.

C. Composite behavior of the studs on the beams and girders
would allow the design to resist vertical accelerations of at

least 3g.

d. The load carrying capacity of the girders is increased by
about 30% because of the connection of the girders to the
roof slab and the integrated construction of the roof slab
with the walls.

Ebbeson Dec. 9 23.

Directly quantifiable margins in the CTB cranes include:

a. The ultimate strength of the mechanical component
materials is five times that required to support the lifted
load.

b. If failure of a mechanical component could cause a load to

drop, the ultimate strength of the material is ten times that
required to support the lifted load.

Ebbeson Dec. § 25; see also Holtec Dec. § 21.

Even assuming a hypothetically postulated drop of a MPC canister being lifted by
the CTB cranes from a height of 25 feet, the MPC confinement boundary integrity
would be maintained with no radioactive release. Holtec Dec. §22.

The ultimate capacity of the seismic support struts are 45% greater than the
seismic loads imposed by the 2,000 year return period earthquake. Ebbeson Dec.

1 26.

In addition to the directly quantifiable or conservatisms in Material Fact
Statements 50-53 above, other significant non-quantifiable conservatisms are also
present with respect to important-to-safety CTB structures systems and
components. Ebbeson Dec. 9§ 12-15, 21.

The combination of quantifiable and non-quantifiable margins establish that CTB
important to safety SSCs can withstand an earthquake with a return period
significantly greater than the 2,000 year DBE. Ebbeson Dec. § 27.

The State’s witnesses have confirmed that the issues identified in State's Response
to Applicant's Seventh Set of Formal Discovery Requests, Interrogatory No. 4(b)
have been raised previously by the State in Proposed Contention Utah QQ and
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were not intended to introduce any new issues. Deposition of Farhang Ostadan
(“Ostadan Dep.”) at 55-65; Deposition of Steven F. Bartlett (“Bartlett Dep.”) at
66-70.
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November 9, 2001

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of )
)
PRIVATE FUEL STORAGE L.L.C. ) Docket No. 72-22
)
(Private Fuel Storage Facility) ) ASLBP No. 97-732-02-ISFSI

DECLARATI E LL EL
C. Allin Cornell states as follows under penalty of perjury:
I WITNESS CREDENTIALS AND SCOPE OF TESTIMONY

1. I am currently a professor (research) at Stanford University in Stanford,
California and an independent engineering consultant. In the former capacity I perform
research and supervise a Senior Research Associate and several Ph.D.-level graduate
students in the areas of probabilistic analysis of structural engineering and earthquake
engineering. As a consultant, I assist engineering and earth sciences firms, industrial
concerns, and government agencies in developing and applying methodologies and
standards for probabilistic seismic hazard analysis, engineering safety assessments,
natural hazards analyses, and earthquake engineering. Through my teaching, research
and consulting activities (described below) I have developed an expertise in earthquake
engineering, probabilistic engineering analysis of seismic loads on structures and
structural responses to such loads, and the development of structural design guidelines
and codes. I am providing this declaration in support of Applicant’s Motion for
Summary Disposition of Part B of Contention Utah L in the above captioned proceeding
concerning the Private Fuel Storage Facility (“PFSF”).



2. My professional and educational experience is summarized in the
curriculum vitae attached as Exhibit 1 to this declaration. My graduate education was in
civil structural engineering. After nearly two decades as a faculty member at M.I.T., I
entered about twenty years ago into an arrangement with Stanford University whereby I
could continue conducting research and supervising advanced graduate students while
devoting half-time to a professional practice as an independent consultant. A primary
objective of this arrangement was to use my consulting activities to encourage and guide
the rapidly emerging practice of employing probabilistic methods in engineering
applications, while also being able to return to the university to study at an academic
level some of the challenging technical problems identified in that practice. A focus of
my efforts has been to address, through the common language of probability, the
problems that arise at the interface between the scientists who characterize the natural
hazards that threaten facilities and the structural and other engineers responsible for
designing those facilities in a safe and cost-effective way. The majority of this work has

been with earth scientists and structural engineers engaged in earthquake engineering.

3. I have been studying structural engineering since about 1956 as an
undergraduate in architecture, methods of probability and statistics since graduate school,
and the earth sciences through almost four decades of research and practice. My Ph.D.
dissertation, which was entitled “Stochastic Process Models in Structural Engineering,”
included studies of earthquake engineering. I have subsequently published more than
150 papers in both engineering and scientific journals and conference proceedings. In
1970 I co-aunthored the first textbook designed to educate civil engineers in probability,
statistics and decision theory under uncertainty. Major recognition for my professional
contributions includes election to the National Academy of Engineering in 1981, several
medals of the American Society of Civil Engineering, a number of invited annual lectures
(for example, that of the Earthquake Engineering Research Institute in 1999) and, most
recently announced, the 2002 Medal of the Seismological Society of America. Various

other accomplishments and studies relevant to this matter include the following:



o In 1968 1 published a seminal paper in the Bulletin of the Seismological Society on
characterizing earthquake hazards using probabilistic seismic hazard analysis
(“PSHA”). Improved and elaborated by more than thirty years of subsequent
application and research (by myself and by many others), PSHA has become the
standard method for earth scientists to characterize and report the earthquake threat
at a site. For example, the USGS has used the method for two decades to study the
entire US and to produce maps of seismic hazard that appear in all model building
codes.

. I have participated directly, commonly as a senior advisor, in many prominent
PSHA studies. These include the PSHA for the Diablo Canyon Nuclear Power
Plant (“NPP”), the major EPRI Seismic Owners Group PSHA of the Central and
Eastern US (“CEUS”) NPP sites, the Caltrans-sponsored PSHA studies of all major
California bridges, and PSHAs for the INEEL and LLNL DOE national lab sites
and the Yucca Mountain site. I was also a member of the Senior Seismic Hazard
Analysis Committee (sponsored jointly by NRC, EPRI and DOE) to establish
“standards” for conducting PSHAs at nuclear facility sites.

. I was one of the originators of seismic probabilistic risk analysis (“SPRA”) for
nuclear power plants, beginning with informal advice to MIT colleague Norman
Rasmussen who directed the first PRA, WASH 1400. I was co-author with Nathan
Newmark of the first published SPRA paper (presented by invitation at the annual
meeting of the American Nuclear Society); this was then followed by a second
paper (co-authored by several structural and nuclear engineers) based on the first
practical application to a specific plant (Oyster Creek). I have been involved in a
number of SPRA studies for nuclear facilities, including the Diablo Canyon NPP,
and was a member of the NRC-sponsored Senior Seismic Margins Research Project
committee responsible for directing a major project conducted by the LLNL
studying the fragility curves of NPP SSCs.

' SPRA couples the results of a PSHA with seismic “fragility curves” (that is, curves that depict
the vulnerability of plant structures, systems, and components (“SSCs”) to various levels of
earthquake excitation) and a PRA model of the plant SSC interactions to produce results such as
the mean annual seismically-induced core damage frequency (CDF). (The CDF is used as a
subsidiary safety goal by the NRC.)



J I have had extensive involvement in the research and development of industry

codes and standards. This involvement has included activities as:

Developer of methods to facilitate the introduction of probabilistic safety
assessment directly into professional engineering codes of practice,
including development of the methodology adopted by the American
Institute of Steel Construction (“AISC”) in the first probability-based
structural code introduced in the US.

Co-author of report for specifying loads for building design that became
the basis for the American National Standards Institute (“ANSI’") model
building loads code.

Member of an NRC-sponsored committee that produced the recommended
guidelines for conducting the seismic margins studies of existing NPPs in
the IPEEE (Individual Plant Evaluation for External Events) program.

Member of an advisory committee to the NRC on replacement of Part 100
Appendix A with 10 C.F.R. 100.23 and Regulatory Guide 1.165,
providing for probabilistic seismic standards for NPPs and setting the
recommended annual probability level.

Member of a DOE committee responsible for producing guidelines for
seismic evaluation of the high-level radioactive waste tanks at DOE
nuclear weapons facilities. This group worked in parallel with the DOE
committee that produced DOE Standard 1020-94 for seismic evaluation of
all DOE facilities. The two committees shared a key member, Robert P.
Kennedy, and co-authored many concepts.

Member of a four-person panel of senior earthquake engineers requested
by the American Petroleum Institute to prepare the bases and
recommendations for the selection of the mean return period of the design
basis earthquake for offshore structures.

Developer of new probability-based seismic code procedures adopted for
use in the 2000 FEMA -sponsored guidelines for the design and assessment
of steel-moment resisting frame buildings (a common structural system
that behaved unexpectedly badly in the 1994 Northridge earthquake);

Co-author of 2000 draft of the International Standards Organization
guidelines for seismic design of offshore 0il production platforms.



. Member of a National Science Foundation-sponsored, multi-university
earthquake engineering research center that is studying “performance-
based earthquake engineering,” which will couple PSHA, modern
scientifically-based predictions of highly nonlinear dynamic building
behavior, and risk-cost-benefit analysis.

. I'have also served as an engineering consultant on the seismic safety assessment of
major individual structures, including recently the Golden Gate Bridge, the new
Pac Bell baseball park in San Francisco, the Keenleyside Dam in British Columbia,
and offshore platforms in California and around the world.

4, In Contention Utah L Part B, as admitted,” the State of Utah asserts that:

B. Relative to the PFS seismic analysis supporting its
application and the PFS April 9, 1999 request for an
exemption from the requirements of 10 C.F.R. § 72.102(f)
to allow PES to employ a probabilistic rather than a
deterministic seismic hazards analysis, PFS should be
required either to use a probabilistic methodology with a
10,000-year return period or comply with the existing
deterministic analysis requirement of section 72.102(f), or,
alternatively, use a return period significantly greater than
2,000 years, in that:

1. The requested exemption fails to conform to the SECY-
98-126 (June 4, 1998) rulemaking plan scheme, i.e.,
only 1000-year and 10,000-year return periods are
specified for design earthquakes for safety-important
systems, structures, and components (SSCs) --- SSC
Category 1 and SSC Category 2, respectively --- and
any failure of an SSC that exceeds the radiological
requirements of 10 C.F.R. § 72.104(a) must be designed
for SSC Category 2, without any explanation regarding
PFS SSC compliance with section 72.104(a).

2. PFS has failed to show that its facility design will
provide adequate protection against exceeding the
section 72.104(a) dose limits.

? Private Fuel Storage, L.L.C. (Independent Fuel Storage Installation), Memorandum and Order
(Requesting Joint Scheduling Report and Delineating Contention Utah L) (June 15, 2001).



3. The staff’s reliance on the reduced radiological hazard
of stand-alone ISFSIs as compared to commercial
power reactors as justification for granting the PFS
exemption is based on incorrect factual and technical
assumptions about the PFS facility’s mean annual
probability of exceeding a safe shutdown earthquake
(SSE), and the relationship between the median and
mean probabilities for exceeding an SSE for central and
eastern United States commercial power reactors and
the median and mean probabilities for exceeding an
SSE for the PFS facility.

4. In supporting the grant of the exemption based on
2,000-year return period, the staff relies upon the
United States Department of Energy (DOE) standard,
DOE-STD-1020-94, and specifically the category-3
facility SSC performance standard that has such a
return period, notwithstanding the fact the staff
categorically did not adopt the four-tiered DOE
category scheme as part of the Part 72 rulemaking plan.

5. In supporting the grant of the exemption based on the
2,000-year return period, the staff relies upon the 1998
exemption granted to DOE for the Idaho National
Engineering and Environmental Laboratory (INEEL)
ISFSI for the Three Mile Island, Unit 2 (TMI-2) facility
fuel, which was discussed in SECY-98-071 (Apr. 8,
1998), even though that grant was based on
circumstances not present with the PFS ISFSI,
including (a) existing INEEL design standards for a
higher risk facility at the ISFSI host site; and (b) the use
of a peak design basis horizontal acceleration of 0.36 g
that was higher than the 2,000-year return period value
0f0.30 g.

6. Because (a) design levels for new Utah building
construction and highway bridges are more stringent;
and (b) the PFS return period is based on the
twenty-year initial licensing period rather than the
proposed thirty- to forty-year operating period, the
2,000-year return period for the PES facility does not
ensure an adequate level of conservatism.



5. In this declaration, I will address the appropriate standard for earthquake
design of the PFSF. I will discuss the appropriateness of using a probabilistic seismic
hazard analysis as the basis for designing the PFSF and the sufficiency of the 2,000 year
return period earthquake and the seismic related design procedures and criteria contained
in NRC guidance documents such as the Standard Review Plans (“SRPs”) applicable to
NRC-licensed facilities such as the PFSF (hereinafter "NRC SRPs") [e.g., Ref. 1
(NUREG-1567) and Ref. 2 (NUREG-0800)]? as the standard for the PFSF seismic
design. I shall also address specific issues raised by the State in Part B of Utah

Contention L.

6. In connection with the preparation of this declaration, I read relevant
filings in this proceeding, reviewed a variety of related technical documents (such as
DOE Standard 1020-94, NUREG/CR-6728, etc., as cited herein), attended the deposition
of the State’s expert witness Dr. Walter Arabasz, and reviewed the declarations being
filed simultaneously with mine by Dr. Krishna P. Singh et al. of Holtec International
(“Holtec”) and Mr. Bruce Ebbeson of Stone & Webster, Inc. (“Stone & Webster™).

IL APPROPRIATENESS OF USING A PROBABILISTIC SEISMIC

HAZARDS ANALYSIS METHODOLOGY FOR THE
EARTHQUAKE DESIGN OF THE PFSF

7. The current regulations for the seismic design of ISFSIs at sites west of
the Rocky Mountains (10 C.E.R. § 72.1029(b)) call for the assessment of the design basis
seismic ground motions based on the deterministic procedures formerly used for nuclear
power plant design (Appendix A, 10 CFR Part 100). Deterministic assessments of the
seismic hazard at a site lead to one or a small set (of magnitudes and locations) of
representative earthquakes and a corresponding set of ground motion response spectra.
Private Fuel Storage (“PFS”) has requested an exemption to these regulations in order to
base the design ground motions for the PFSF on the probabilistic seismic hazard analysis

methodology that I helped develop. A PSHA of a site takes into account the entire range

3 Complete citations to cited references are provided at the end of this Declaration.



of potential events and resulting site ground motions (as measured by peak ground
acceleration and spectral acceleration) with their corresponding frequencies of occurrence
and uncertainties. The result is a curve of estimated annual probability of exceedance
versus level of ground motion. This curve can be used to select the design ground motion
at a level corresponding to a pre-specified mean annual probability of exceedance. PFS
proposes to set the design basis motions for the PFSF at a mean annual probability of
exceedance (“MAPE”) of 5x107. Another way of referring to these design basis motions
is to say that they correspond to the 2,000 year mean return period (“MRP”) level, or “the
2,000-year MRP earthquake”. This PSHA approach has replaced Appendix A, 10 CFR
Part 100 in the design of nuclear power plants. See 10 C.F.R. §100.23.

8. The use of a PSHA methodology for establishing structural design basis
ground motions is today the dominant industry practice. The proposed use by PFS of a
PSHA both to characterize the seismic hazard at the site and to set the seismic design
basis of the PFSF is fully consistent with current NRC policy and practices. Use of
PSHA methodology is also prevalent in the design of other engineering facilities
including buildings, bridges, offshore structures and U.S. Department of Energy (“DOE”)

facilities.

9. The advantages of using a probabilistic approach to establish design
ground motions are widely recognized. The probabilistic approach: (1) captures more
fully the current scientific understanding of earthquake forecasting than the deterministic
method; (2) is capable of reflecting the uncertainties in professional knowledge of key
elements of the seismic hazard; and (3) can be used to set design criteria that are
consistent among different regions and among different failure consequences, thus

allowing an equitable and effective allocation of seismic safety resources.

10.  The NRC has recognized the advantages of the probabilistic approach and
has revised the regulations and guidance for the seismic design of new nuclear power
plants to be based on PSHA [Ref. 3 (10 C.F.R. §100.23) and Ref. 4 (Regulatory Guide
1.165)]. The NRC has also used probabilistic seismic procedures in areas such as re-

evaluation of existing nuclear power plants and norms for high-level waste geological



repository design. This move towards probabilistic methodologies is consistent with the
NRC’s general policy of risk-informed regulations and decision making. [e.g., Ref. 5,
(Reg. Guide 1.174 on Risk Informed Decisions) and Ref. 6 (Commission Direction
Setting Issue 12, “Risk-Informed, Performance-Based Regulation™)]. In accordance with
this use of probabilistic procedures, the Commission is considering a proposed
rulemaking to modify the current provisions of 10 C.F.R. § 72.102 to employ
probabilistic procedures for the seismic design of ISFSIs [Ref. 7 (SECY-01-0178)].

11.  Use of a PSHA methodology and probabilistic seismic structural design
bases is also the overwhelming methodological choice in other fields. Current
regulations and guidelines based on probabilistic principles include those governing the
design of buildings [Ref. 8 (97 Uniform Building Code (“UBC”), p. 2-17, § 1631.2) and
Ref. 9 (International Building Code (“IBC”), p. 353 § 1615.2.1], offshore structures [Ref.
10 (APIRP2A, p. 125, § C.2.3.6b)}, and DOE facilities [Ref. 11 (DOE-STD-1020, Table
2.1, pp. 2-4)].* In the building and offshore area, the use of PSHA-based designs dates to
the early 1980s.

12. Thus, use of a PSHA to characterize the seismic hazard at the site and set
the seismic design basis of the PFSF is appropriate and fully consistent with both NRC
and broader engineering policy and practice. The State’s expert witness in this
proceeding agrees that a PSHA should be used for the seismic analyses of the PFSF,
rather than the deterministic procedures of 10 C.F.R. § 72.102. Deposition of Walter J.
Arabasz (“Arabasz Dep.”) (October 31, 2001) at 44-45.

III. APPROPRIATENESS OF USING A 2,000 YEAR RETURN PERIOD
EARTHQUAKE FOR THE SEISMIC DESIGN OF THE PFSF

13.  PFS has performed the seismic analysis and design of important-to-safety
structures, systems, and components at the PFSF using design basis earthquake (or

“DBE”) ground motions associated with a mean annual probability of exceedance of

4 Portions of DOE-STD-1020 are attached as Exhibit 2 to my declaration.



5x10™ (i.e., a 2,000-year mean annual return period, or 2,000-year MRP) and applying
the design procedures and criteria of the NRC’s SRPs. It is my opinion that, taken
together, use of this DBE earthquake and the SRP design procedures and criteria will
achieve a level of seismic safety that is appropriate for a facility such as the PFSF. In the
discussion that follows I will present the general principles of risk-informed seismic
design and explain how their application to the PFSF demonstrates the validity of my

opinion. The general principles that I will discuss further below are:

. In accordance with risk-informed principles, there should be a risk-graded approach
to seismic safety, permitting facilities and structures with lesser failure
consequences to have larger mean annual probabilities of failure.

. The seismic failure probability of a facility or structure is dictated by the
combination of both the MAPE of the DBE and the level of conservatism
incorporated into the design procedures and criteria.

A. Risk-Graded Approach to Seismic Safety

14. Most modem seismic design criteria are based on the principle that the
probability of SSC failure (where failure is defined as exceeding a behavior limit state
that may preclude the SSC from fulfilling its intended function) that needs to be
addressed in the design is inversely related to the consequences of such failure. In other
words, the less severe the anticipated consequences of SSC failure, the larger the
probability of failure that can be tolerated. Thus, SSCs or facilities whose seismic failure
would cause less severe consequences are designed to allow for higher probabilities of
failure. The State’s expert witness in this proceeding agrees that it is appropriate to use
the risk-graded approach underlying the use of PSHA for the seismic analysis and design
of structures and facilities. Arabasz Dep. at 59-60.

15.  The fundamental reasons supporting the use of a risk-graded approach to
seismic analysis and design are notions of equity and efficiency: the public should be
provided comparable levels of safety for various societal activities, and the greatest
overall safety is obtained if seismic safety resources are distributed rationally among

different projects [Ref. 12 (Paté-Cornell, —Structural Safety Journal)]. Examples of
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seismic standards that explicitly use this principle include the draft International
Standards Organization (“ISO”) guidelines for offshore structures [Ref. 13 (Banon et al.,
OMAE 2001 on ISO)], Federal Emergency Management Agency (“FEMA”) guidelines
for building assessment [Ref. 14 (FEMA 273 pp. 2-5)], and DOE Standard 1020 [Ref. 11
(Table C-3, p. C-5)]. Further, the NRC staff has stated, with respect to the seismic design
of nuclear facilities: “The use of probabilistic techniques and a risk-graded approach are
compatible with the direction provided by the Commission on Direction Setting 12,
‘Risk-Informed, Performance-Based Regulation.”” [Ref. 15 (SECY-98-071 pp. 3-4)].

16.  Under the risk-graded approach to the seismic design, ISFSIs such as the
PESF, can be assigned a higher probability of failure than a nuclear power plant because
the potential consequences of seismic failure of ISFSIs are much less severe than those
for nuclear power plants. The radioactive inventory that potentially could be released to
the environment from an ISFSI is less because the spent fuel has decayed significantly
and because a spent fuel canister is under much lower pressures than a reactor’s coolant
boundary; higher pressures will disperse any released radioactivity farther from the
source. The NRC has rejected the notion that licensing standards should be as high for
ISFSIs as for nuclear power plants, noting that “[t]he potential ability of irradiated fuel to
adversely affect the public health and safety and the environment is largely determined
by the presence of a driving force behind dispersion. Therefore, it is the absence of such
a driving force, due to the absence of high temperature and pressure conditions at an
ISFSI (unlike a nuclear reactor operating under such conditions that could provide a
driving force), that substantially eliminate the likelihood of accidents involving a major
release of radioactivity from spent fuel stored in an ISFSL.” [Ref. 16 (60 Fed. Reg.
20,883 (1995))1.

17.  Further, an ISFSI facility as a whole is inherently less vuinerable to
earthquake-initiated accidents than a nuclear power plant. An ISFSI is largely passive; it
does not have active cooling and safe-shutdown systems necessary for maintaining the
integrity of the high-pressure reactor coolant boundary and for shutting down after a large

earthquake, as does a nuclear power plant. The NRC has recognized the reduced seismic
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vulnerability of an ISFSI by stating that for ISFSIs, such as dry storage casks, which do
not involve massive storage structures, “the required design earthquake will be
determined on a case-by-case basis until more experience is gained with licensing these
types of units.” [Ref. 17 (45 Fed. Reg. 74,697 (1980), as cited in Ref. 15 (SECY-98-071

p.2).]

B. Factors Determining Failure Probability for Facilities and

Structures

18.  While the risk-graded approach is implemented in somewhat different
ways in the various fields of seismic design, the standards of practice almost invariably
utilize a DBE defined at some mean annual probability of exceedance and a set of design
procedures and acceptance criteria. Both the procedures and the acceptance criteria
include conservatisms that, implicitly or explicitly, are intended to implement
“performance goals” (e.g., target levels of the seismic failure probability for the facility
or structure), which are defined in a manner reflecting the anticipated consequences of
the failure. These conservatisms are typically embedded in the various codes and

standards pursuant to which the design of a structure or facility is accomplished.

19.  Both the MAPE of the DBE and the level of conservatism incorporated in
the design procedures and criteria affect the failure probability of seismically-designed
facilities and structures. A lower (or higher) failure probability can be achieved by
keeping the design procedures and criteria fixed while reducing (or increasing) the
MAPE of the DBE; or, alterhatively, by fixing the MAPE while making the design
procedures more or less conservative; or by adjusting both elements simultaneously.
Whichever choice is made among these alternatives, it is important to understand that
both the MAPE and the level of conservatism in the design procedures and criteria must
be considered when assessing and comparing the safety implications of various seismic
design standards. One fact remains true, however: because of the conservatisms
incorporated in all seismic design procedures and criteria, the probability of failure of a
seismically-designed facility or structure is virtually always less than the MAPE of the
DBE. In other words, virtually facilities and structures designed against a given DBE

have a mean return period to failure that is longer than the mean return period of the
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earthquake for which they are designed. In practical terms, this means that seismically-
designed facilities and structures are able to withstand a more severe, i.e., more

infrequent, earthquake than that used as the DBE.

20.  The application of these principles of risk-graded seismic design is
perhaps most clearly and explicitly seen in the U.S. Department of Energy's Standard
1020. The basis for DOE Standard 1020 is a set of “performance categories™ (1 to 4) for
seismically designed facilities and structures with increasing consequences of failure, and
thus decreasing probabilities of failure as their performance goals [Ref. 11 (DOE 1020, p.
1-2 and p. C-2)]. DOE is responsible for (1) facilities such as ordinary buildings
(Performance Category 1 or PC1) designed to protect occupant safety, (2) essential
facilities and buildings that should continue functioning after an earthquake with minimal
interruption (PC 2), (3) important facilities such as ISFSIs that contain hazardous

materials (PC3), and (4) critical facilities such as those involving nuclear reactors (PC4).

21.  The performance goals for DOE structures, systems and components in
the four performance categories PC1 to PC4 are set as mean annual failure probabilities
of 103, 5x10™, 10™, and 107, respectively [Ref. 11 (DOE 1020, p. C-5)] reflecting the
increasing consequences of failure. On the other hand, MAPEs for the design basis
ground motions are set as 2x10~, 10?, 5x10, and 10, respectively. These values are

uniformly larger than the performance goals.

22.  To bridge the gap between the performance goals and the DBE MAPEs,
the DOE 1020 standards call for design procedures and evaluation criteria that vary
among the categories, ranging from those “corresponding closely to model building
codes” for PC1 and PC2 , to those for PC4 which “approach the provisions for
commercial nuclear power plants” [Ref. 11 (DOE 1020, p. 2-2, C-4 to C-5)]. The
quantitative effect, in terms of reducing earthquake risk, of applying the conservatisms
built into these various design procedures and criteria is reflected in the ratios between
the MAPE of the design basis ground motions and the corresponding performance goal
probabilities. These ratios are 2, 2, 5 and 10, respectively [Ref. 11 (DOE 1020, p. C-5)].
The ratios are called “Risk Reduction Ratios”, Rg, in DOE 1020. The following table
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summarizes these three parameters, the DBE MAPE, the Performance Goal, and the Ry
for the four performance categories PC1 through PC4 in DOE 1020:

Table 1: DOE Std. 1020-94 Seismic Performance Goals, DBE MAPEs and Rgs’

Performance Target Seismic DBE Exceedance Risk Reduction

Category Performance Goal (Py) | Probability (MAPE) | Ratio (Rg)

PCl1 (e.g., office | 1x10° 2x107 2

building)

PC2 (e.g., essential | 5x10™* 1x10° 2

building that should

remain operational,

such as hospital or

police station)

PC3 (e.g., 1x10™ 5x10 5

hazardous waste

facilities such as (except 1x10°* for (except 10 for Western

ISFSIs) Western sites near sites near tectonic
tectonic boundaries) boundaries)

PC4 (e.g., nuclear | 1x10” 1x10™ 10

reactor facility)
(except 2x10™ for (except 20 for
Western sites near Western sites near
tectonic boundaries) tectonic boundaries)

* A revised draft version of DOE Standard 1020 was released in August of this year for comment
[Ref. 18 (DOE-1020-2001)]. The primary change is that PC1 and PC2 will be based on the IBC
2000 instead of the UBC model building code. As a result, this table would differ under the
proposed standard in that the MAPE of PC1 and PC2 categories would change to 4x10™. To be
consistent, the MAPE of PC3 is modified slightly to the 4x10™ value. The performance goals
remain the same in all categories. The Ry for PC3 would therefore be changed from 5 to 4,
although no change would be made to the design procedures and criteria for PC3. The Ry column
is left blank for PC1 and PC2, but it can be shown that the Ry, is still about 2, using the
information in NERHP Recommended Provisions for Seismic Regulations for New Buildings and
Other structures [Ref. 19 (FEMA-303, at p. 37)] and the procedures outlined in Attachment A
hereto. These proposed revisions to DOE 1020, if adopted, would not in any way alter the
analyses and conclusions in this Declaration.
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23.  The actual value of Ry obtained from the design conservatisms for a given
SSC is dependent on the shape or slope of the ground motion hazard curve. For example,
the PC4 value of 10 cited in the table is representative of locations in the Central and
Eastern United States. However, higher risk reduction ratios, e.g., 20 for PC4 facilities,
are achieved in western US sites near tectonic boundaries, where hazard curves are
steeper [Ref. 11 (DOE 1020, Table 2-1 p. 2-4)]. The higher achievable Ry values have
allowed the DOE to specify that higher DBE MAPE levels can be used for PC4 facilities

as well as for PC3 facilities in these regions.

24,  In DOE 1020, the overall conservatism levels are controlled through
acceptance criteria to achieve specific Rg levels [Ref. 11 (DOE 1020, pg. 1-5)]. The
document states: “These design and evaluation criteria have been developed such that the
target performance goals of the [Natural Phenomenom Hazard] Implementation Guide
[set forth in Table 1 above] are achieved” [Ref. 11 (DOE 1020, p. 2-1)]. In other words,
the risk reduction levels in DOE 1020 are achieved through use of the DOE design and
evaluation criteria specified in Chapter 2 of DOE Standard 1020 and related appendices.®

For PC4 facilities the risk reduction factor achieved is 10 in most regions.

25.  The design guidelines provided by the NRC SRPs also contain many
conservatisms that result in risk reduction factors as large as, or larger than, those for PC4
category facilities designed to DOE 1020. NRC SRP standards share with DOE’s PC3
and PC4 categories many procedures leading to design conservatism [Ref. 11 (DOE

1020, pp. C-5, C-6)]. These conservatisms are introduced through prescribed analysis

® The State’s witness has suggested that the risk reduction ratio does not measure the
conservatism in a DOE PC category’s design procedures and criteria, but rather that it is simply
defined as the ratio of the DBE MAPE to the Performance Goal, and hence it is only the ratio
required to achieve the goal. Although one might arguably draw that conclusion from the
statement in DOE 1020 that the "required degree of conservatism in the deterministic acceptance
criteria is a function of the specified risk reduction ratio,” [Ref. 11 (DOE 1020, p. C-5)], the
quote in the body of the text clearly confirms that, upon selecting the required ratio DOE then
established the prerequisite design and evaluation criteria in Chapter 2 of the DOE-1020 to
achieve the goals. Therefore, the ratio also becomes a measure of the conservatism provided for
by the design and evaluation criteria set forth in Chapter 2 of DOE Standard 1020 and the related
appendices.
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methods, specification of material strengths, limits on inelastic behavior, etc. The
conservatism levels in NRC seismic SRPs are not explicitly keyed to values of Ry,
Nonetheless, the risk reduction factors achieved through the use of NRC guidelines for
typical SSCs have been found in application to be equal to, or higher than, those called
for in DOE 1020 for PC4 facilities, since they are greater than 10 in most regions. DOE
1020 acknowledges the higher Ry levels provided by the NRC SRPs by stating that the
“[c]riteria for PC4 approach the provisions for commercial nuclear power plants”.

[Ref. 11 (DOE 1020, p. 2-2, C-4 to C5). There is recent independent technical support
both for the general conclusion that NRC SRPs provide equal or greater levels of
conservatism than DOE 1020, and for the quantitative finding that the Ry levels for
typical systems, structures, and components designed to NRC SRPs are in the range 5 to
20 or greater [Ref. 20 (NUREG/CR-6728 at Chapter 7)].”

C. Application of General Principles to the PFSF

26. At the PESF, designing for the 2,000-year MRP DBE ground motion and
using the NRC SRPs means that typical important-to-safety systems, structures and
components can be expected to have seismic failure probabilities 5 to 20 or more times
lower than the DBE MAPE, i.e., 2.5x107 to 1x10™ or lower (i.e., seismic failure MRPs of
10,000 to 40,000 years or more). Therefore, the PFSF would easily meet the DOE
performance objectives of 1x10 for PC-3 facilities under which ISFSIs, such as the
PFSF, would fall. The State’s expert witness, Dr. Arabasz, agreed that ISFSIs, such as
the PFSF, would appropriately be classified PC-3 facilities under DOE-1020 and that the
performance objective of 1x10™ for the PFSF would be an appropriate standard on which

to determine the acceptability of its seismic design. Arabasz Dep. at 80-81.

27.  Applying a risk-graded seismic approach, a performance objective of
1x10™* for ISFSIs such as the PFSF is consistent with the NRC’s performance objectives

for operating nuclear plants, which pose higher radiological hazard consequences than

"Demonstration of these conclusions requires a somewhat detailed technical discussion, which is
presented in Attachment A to this Declaration.
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ISFSIs. While the NRC seismic performance goals and the quantitative effects of their
design criteria are less explicit than those in DOE Standard 1020, inferences can be made
from existing NRC standards. The NRC’s quantitative safety objective with respect to
core damage is a mean annual frequency of 10™ [Ref. 21 (SECY-00-0077 at p. 6)]
(“Mean annual frequency” and “mean annual probability” are effectively equivalent).
Some undefined fraction of this “budget” is available for seismicaily induced core
damage. Past NRC seismic standards for nuclear power plants have provided a mean
annual seismically-induced core damage frequency of about 10, [Ref. 22 (NUREG/CR-
5501 (1989) at p. 26)] In NUREG/CR-5501, a study prepared for the NRC, the mean
annual seismic core damage frequency of seven existing plants was estimated to range
from about 4x10° to about 1x10™, with most lying between 0.6 and 1x10™. Thus, in
order to achieve a probability of seismic “failure” (core damage) of 10”, and noting that
the typical safe shutdown earthquake for a nuclear power plant has an MAPE of 10 (see
discussion of Basis 3 of Part B of Utah L below), a risk reduction ratio of 10 or more is
implied for most U.S. nuclear power plant sites. This number is consistent with the Ry of
5 to 20 or more cited above for the conservatism inherent in NRC SRP design procedures
and criteria. Also, the use of a higher probability of seismic failure goal for the PFSF
(i.e., 10™) than that for nuclear power plants (10”) is consistent with the risk-graded

approach of the probabilistic approach.

28. The Ry levels for the PFSF SSCs cited above are confirmed by the
beyond-design-basis analyses and margins descriptions provided in the Declarations of
Bruce Ebbeson and Holtec for critical PFSF structures, systems and components The dry
storage casks used to store spent fuel at the facility are stubby cylindrical weldments of
steel and concrete designed to tolerate significant earthquake induced forces, including
those resulting from their tipping over. The spent fuel canisters for the HI-STORM
storage system are designed for transportation as well as storage, giving them a
ruggedness that allows them to resist earthquake accelerations. The transfer casks
associated with the transfer of spent fuel canisters from transportation to storage casks are
in use only a fraction of the time and, if damaged in an earthquake, can be repaired or

replaced without adverse safety consequences.
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29.  I'understand that analyses performed by the cask manufacturer
demonstrate that the storage casks used at the PFSF will not tip over if subjected to the
ground motions caused by an earthquake with an MAPE of 10 (that is, a 10,000 year
return period earthquake). In addition, even if they should tip over, the conservatisms in
the design of casks and canisters will prevent the release of radioactivity. Other SSCs at
the PFSF, including the Canister Transfer Building (“CTB”) and the important-to-safety
SSCs therein, are also likely, due to their conservative design to the NRC SRPs, to be
able to survive the ground motions from a 10,000 year return period earthquake. Further,
some of those SSCs (such as the CTB crane and the seismic struts) are in use only a
fraction of the time, thus a canister would be exposed to potential risk of damage due to
their failure only a fraction of the time. For such intermittent use components, the annual
likelihood of failure during a safety-important operation is reduced further. For example,
even if the fraction of time they are used is as high as 20%, the annual probability of
failure causing release due to earthquake ground motions is at least 5 times smaller. This
implies that, even if their Rgs were only unity instead of the factors of 5 to 20 or more
estimated above, their relevant frequencies of failure would be better than a 10™ goal.
With the predicted Ry of 5 to 20 or more, this estimated failure frequency reduces to
about 107,

30.  The foregoing analysis demonstrates, both in absolute terms and by
comparison to nuclear power plant standards, that the proposed PFSF seismic design
basis of a 2,000-year MRP DBE and the SRP design procedures and criteria provide an
appropriate and consistent level of protection to public health and safety.

IV.  DISCUSSION OF SPECIFIC ISSUES RAISED IN THE STATE’S
CONTENTION

31.  InPart B of Contention Utah L, the State raises several challenges to the
use of a 2,000 year MRP earthquake as the basis for the PFSF seismic design. The
State’s contentions are generally responded to by the analysis presented in Section III

above. Nonetheless, I will next address each of the State’s specific arguments.
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32.  InBasis 1 to Part B of Utah L, the State challenges the exemption granted
by the NRC Staff to PFS authorizing the use of a 2,000 year return period DBE on the
grounds that such an exemption fails to conform to the rulemaking plan set forth in
SECY-98-126 (June 4, 1998). That plan proposed a 1000-year mean return period design
basis earthquake for Category 1 SSCs and a 10,000-year mean return period design basis
earthquake for Category 2 SCCs, with SCCs whose failure would results in radiological
doses exceeding the requirements of 10 C.F.R. § 72.104(a) being designated Category 2
SCCs. The State’s challenge appears to be legal rather than technical, in that the State is
contending that it was inappropriate for the NRC Staff to grant the exemption in view of
the existing rulemaking plan. However, the NRC Staff has now recommended to the
Commission a modification of the rulemaking plan that would use a 2,000-year mean
return period earthquake as the basis for ISFSI design, the same DBE as that provided for
by the proposed exemption for the PFSF. [Ref. 7 (SECY-01-0178 (September 26,
2001))]). Therefore, the grounds asserted by the State in this objection to the granting of
the exemption to PFS are no longer valid. Moreover, as I discussed in Section III above,
use of a 2,000-year MRP together with the NRC SRP design procedures and criteria
provide sufficient protection of the public health and safety. This result satisfies the
rulings of both the Licensing Board and the Commission to the effect that neither PFS
nor the NRC Staff were bound by the SECY-98-126 rulemaking plan and could use a
2,000-year mean return period for the PFSF provided that it was demonstrated that a
design based on a 2,000-year return period earthquake was sufficiently protective of
public health and safety. [Ref. 23 (CLI-01-12 at Section I1.C.1 (June 14, 2001))].

33.  InBasis 2 to Part B of Utah L, the State challenges the exemption granted
by the Staff to PFS on the grounds that “PFS has failed to show that its facility design
will provide adequate protection against exceeding the section 72.104(a) dose limits.” As
observed by the Licensing Board, this claim is “an adjunct” to Basis 1 in which the State
claims that the technical basis for a 2,000-year mean return period design basis
earthquake has not been adequately established in light of SECY-98-126. [Ref. 24 (LBP-
01-03, slip op. at 15)]. The discussion in Section III and the response to Basis 1 above
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demonstrate that, given the design bases and the inherent ruggedness of the SSCs in the
PFS facility, the PFSF design will provide appropriate seismic safety.

34. In Basis 3 to Part B of Utah L, the State challenges the exemption on the
grounds that the Staff’s reliance on the reduced radiological hazard of stand-alone ISFSIs
as compared to commercial power reactors as justification for granting the PFS
exemption is based on “incorrect factual and technical assumptions.” This statement
apparently alludes to the State’s assertion that for a nuclear power plant “design ground
motions would have to correspond to a median annual probability of exceedance of 10"
[Ref. 25 (State’s Request for Admission of Late-Filed Modification to Basis 2 of
Contention Utah L, pp. 8- 11)].

35.  This assertion is incorrect. Regulatory Guide 1.165 provides general
guidance to applicants as to procedures that the Staff would deem acceptable for
satisfying the NRC’s new probabilistic seismic criteria in 10 C.F.R. § 100.23. It does
state that the annual probability level of the SSE may be based on a median estimate of
107, [Ref. 4 (Reg. Guide 1.165, Appendix B, p. 1.165-12)]. However, there is ample
evidence that the staff today would both select and prefer an SSE based on a mean
estimate of 107, Moreover, it has been shown that the typical SSE at existing plants
across the country has a mean annual probability of exceedance of 10, The mean

estimate is a preferred measure in the face of the uncertainty in the estimate.

36.  The provision in Regulatory Guide 1.165 that a median value of 10~ could
be used is only the result of historical circumstances. At the time of preparation of the
probabilistic NRC criteria in 10 C.F.R. § 100.23 and Regulatory Guide 1.165, there was a
significant discrepancy in the assessment of the mean estimates between the two major
CEUS seismic hazard studies then available. While both studies provided similar median
estimates, they differed with respect to the mean estimates. Therefore, the median
estimate was adopted for the purposes of establishing in Regulatory Guide 1.165 an
acceptable quantitative basis for satisfying 10 C.F.R. § 100.23. The discrepancy between
two studies has, however, since been resolved and the two studies now provide similar

mean estimates of the SSE earthquakes for nuclear plants located in the CEUS.
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37.  The mean estimate is preferred to the median when making decisions
based on uncertain annual probabilities or frequencies. When faced with uncertain

probability estimates, the NRC has accordingly chosen as a general matter to use the

mean probability estimate. For example, the Commission’s “Safety Goals for Operations
of Nuclear Power Plants; Safety Policy Statement” states: “The Commission has adopted
the use of the mean estimates for purposes of implementing the quantitative objectives of
this safety goal policy (i.e., the mortality risk objectives).” [Ref. 30 (51 Fed. Reg.
28,044, 28,046 (1996)]. The NRC’s choice of the mean estimate for all such risk
objectives, including the subsidiary core melt damage frequency, is discussed in
Regulatory Guide 1.174, “An Approach for Using PRA in Risk-Informed Decisions on
Plant-Specific Changes to the Licensing Basis”, at pg. 14 [Ref. 5] and in SECY-00-0077,
“Modifications to the Reactor Safety Goal Policy Statement” at pg. 6 [Ref. 22]. Thus, in
accordance with well accepted practices, the Commission has clearly stated its preference
for the use of mean estimates. Given this preference along with the fact that the
underlying reason for using the median rather than the mean in Regulatory Guide 1.165 is
no longer applicable, the Commission can reasonably be expected to revert to its
preferred use of the mean estimate. In this respect, both the original 10 CFR part 72
rulemaking plan (SECY-98-126) and the modified plan (SECY-01-0178) call for the use

of mean probability estimates.

38.  The mean annual probability of exceeding the SSE at existing nuclear
power plants is on the average about 10™. For CEUS sites, this is demonstrated in DOE
1020 at p. C-17 [Ref. 11], in NUREG/CR-6728 at p. 7-15 [Ref. 20], and in DOE Topical
Report for Yucca Mountain TR-003 at App. C [Ref. 26]. These were the sites used in the
preparation of Regulatory Guide 1.165. It has also been demonstrated more recently in
the DOE Topical Report II TR-003 at App. C [Ref. 26] that this same number is also
representative of Western US nuclear power plant sites.® Therefore, if the Staff were to
repeat today the calibration procedure used in Appendix B of Regulatory Guide 1.165 to

establish the median value of 10, it would likely conclude that a mean of 10 was more

8 Portions of DOE Tropical Report TR-003 are attached as Exhibit 3 to my declaration.
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appropriate. Indeed, if the NRC were to adopt the State’s argument and decided to use a
median 10 value, would lead to inconsistent mean SSE probabilities across the country
because, as the State has correctly pointed out, the ratio of mean to median is not constant
across all regions. Because the mean is the preferred estimate in risk-consistent

procedures, this lack of uniformity in the mean SSE probabilities would be inappropriate.

39. Thus, under the circumstances described above, it is to be expected that
the NRC would today not only accept but prefer that a new nuclear power plant, whether
in the Eastern or Western United States, have an SSE value based, not on the median 10
, but on the mean 10" annual frequency of exceedance. There is evidence to this effect
in recent NRC actions and writings. In SECY-98-071 at pg. 2, the Staff states “Based on
10 CFR 100.23 requirements, as described in Regulatory Guide 1.165, . . ., a future
nuclear power plant in the western United States can use as a safe shutdown earthquake
the 10,000-year return period mean ground motion.” [Ref. 15]. SECY-01-0178 (at pg. 6)
states: “The present design earthquake (equivalent to the SSE for an NPP) has a mean
annual probability of exceedance of approximately 1.0E-04” [Ref. 7]. The NRC has
accepted the use of the mean 10™* ground motions as a basis for (Category 2 SSCs) at the
Yucca Mountain high level waste storage facility [Ref. 7] (SECY-01-0178, pg. 5).

40.  For these reasons, the argument raised by the State in Basis 3 is
inconsequential and irrelevant to the issue whether a 2,000-year earthquake should be
used at the PFSF.

41.  InBasis 4 to Part B of Utah L, the State challenges the exemption granted
to PFS on the grounds that the Staff inappropriately relied on DOE-STD-1020-94 (or
DOE 1020), given that the Staff did not adopt this Standard in SECY-98-126. The
exemption is, however, consistent with the Staff’s proposed amendment to the
Rulemaking Plan set forth in SECY-01-0178. In any event, the document is relevant in
that it represents the considered judgement of a major federal agency, and the PSFS

design basis meets and surpasses the PC3 performance goals.
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42.  DOE 1020 is an important seismic standards document. It has been
carefully prepared, with the support of recognized experts in the field, by a major federal
agency that has experience with a broad spectrum of nuclear facilities, has authority to set
standards, and has responsibility for public safety. The document is considered a model
of explicit, graded, risk-consistent seismic criteria. It was for this reason that I used it to
illustrate the use of such standards in Section III above. DOE 1020 is therefore a relevant
document that supports the exemption. Its Performance Category 3 represents a facility
like the PFSF ISFSI, and the PFSF — with a 2,000-year MRP DBE and use of the NRC’s
SRPs — will meet the performance criteria of DOE 1020 for PC-3 facilities. The State’s
expert witness, Dr. Arabasz, has stated that he supports the use at the PFSF of a DOE
1020 PC3 performance goal. Arabasz Dep. at 80-81.

43.  The State, in its September 28, 2001 discovery responses [Ref. 27] to PFS
Interrogatory No. 6 claims, however, that PFS has not demonstrated that its use of a
2,000-year DBE would meet the DOE-1020 performance goal for Performance Category
3 (i.e., a mean annual probability of faiture of 10™*). To recapitulate, my previous
discussion, I showed that the DOE-1020 performance goal for Performance Category 3
facilities will be met and even bettered at PFSF. In Section III, I showed that the mean
annual failure probability depends on both the DBE MRP and the level of conservatism
in design procedures and criteria. 1then demonstrated that for typical SSCs the NRC
SRPs provide a level of conservatism equal or better than DOE 1020°s PC4 criteria,
which are in turn more conservative than DOE 1020°s PC3 criteria. It was shown that the
design to the NRC SRPs produces Ry values of 5 to 20 or more; the lowest value in this
range, 5, is sufficient to meet the performance goal of 10, Wholly independently, I next
discussed that specific important-to-safety SSCs have been shown to meet the goal. For a
storage cask the 10 goal is confirmed simply by noting that it will not tip until it
experiences an earthquake with an annual probability of less than 10 and, furthermore,
its probability of radiation release assuming tipping is very small, given the
conservatisms in the design of the cask and the canisters. For some other important to
safety SSCs, such as the CTB crane, I pointed out that their annual probability of seismic
failure leading to release is less than the product of the MAPE of the DBE (5x10) and
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the fraction of time they are operating. I am informed that this fraction at the PSF IFSFI
is approximately 20% or less, yielding a product of 1x10™. In fact the actual annual
failure rate leading to release will be less than this number by the a factor equal to Rg,

which is 5 to 20 or more, yielding a value of about 107,

44.  Inthe same discovery response (September 28, 2001 discovery response
to PFS Interrogatory No. 6 [Ref. 27]) the State claims that “[I]n the context of DOE-
STD-1020-94, PFS has not demonstrated for its proposed ISFSI facility that use of a
2,000-year return period would achieve DOE’s target performance goal, which requires
consideration of such factors as the slope of the site-specific hazard curve over the annual
probability range of 10 to 107, seismic fragility curves, and quantified uncertainties in
the fragility curves. (DOE-STD-1020-94) at section C.” This assertion is not true. In the
context of DOE-1020, to meet the performance goal one has only to follow the design
procedures and acceptance criteria specified in Chapter 2 of the document; these
procedures and criteria have been specifically established to meet the desired goal. No
hazard curve slopes or fragility curves or quantification of uncertainty are required.
Therefore, Section C of DOE Standard 1020 cited by the State is in fact merely an
appendix which demonstrates, by using these slopes, fragility curves, etc., that the
procedures and criteria set forth in Chapter 2 of the Standard do achieve the desired
performance goal. Ihave further demonstrated in Attachment A that, because of the
generally greater conservatism of the NRC SRP design procedures and acceptance
criteria used at the PFSF, the PFSF will meet or surpass the performance goal of PC3 in
DOE Standard 1020.

45.  InBasis 5 to Part B of Utah L, the State challenges the grant of the PFSF
exemption claiming that the Staff’s reliance on the 1998 exemption granted to DOE for
the Idaho National Engineering and Environmental Laboratory (“INEEL”) ISFSI for the
Three Mile Island, Unit 2 (“TMI-2”) facility fuel is misplaced because the grant of the
exemption there was based on circumstances not present with the PFS ISFSI, including
(a) existing INEEL design standards for a higher risk facility at the ISFSI host site; and
(b) the use of a peak design basis horizontal acceleration of 0.36 g that was higher than
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46.  the 2,000-year return period value of 0.30 g. However, this decision by
the Staff and Commission was not intended to be so narrowly interpreted. This is evident
in the NRC Staff’s final statement to the Commissions in SECY-98-071, pg. 4 [Ref. 15]:
“If the staff grants the exemption to 10 CFR 72.102 (f)(1), this may impact the licensing
process for other ISFSIs in the western United States. Until the ISFSI seismic
requirement in Part 72 is amended by rulemaking, the staff may receive similar
exemption requests for other ISFSIs to be sited west of the Rocky Mountain front.”

Thus, the Staff was advising the Commission that the granting of the exemption for
INEEL would be relied upon as precedent for other exemption applications, as was done
in the case of the PFSF.

47.  In Basis 6 to Part B of Utah L, the State claims that the 2,000-year mean
return period for the PFS facility does not ensure an adequate level of conservatism
because design levels for certain new Utah building construction and highway bridges are
more stringent. As set forth in the State’s September 28, 2001 discovery response [Ref.
27] to Interrogatory No. 8, this conclusion was based on the observation that, for
example, the International Building Code 2000 (or [Paul; OK?]*“IBC-2000”) will, when
in effect in the future, require a MRP of approximately 2500 years for the DBE, which is
greater than the 2,000-year MRP DBE proposed for PFS. One should not draw the
€IToneous conchision, however, that this difference in the definition of the DBE implies a
lower probability of failure for SSCs designed to IBC-2000 versus those, such as the
PFSF, designed to the 2,000-year MRP and the NRC’s SRP design procedures and
criteria. As described in detail in Section III, the safety achieved depends on both the
DBE MRP and on the design procedures and criteria utilized. The design procedures and
criteria of the IBC-2000 are much less conservative than those of the SRP. For example,
as described by the State, a first step of the IBC-2000 design procedures and criteria is to
multiply the DBE by two-thirds, which at the PFSF site would reduce the effective IBC-
2000 DBE MRP from 2500 years to about 800 years. Only in the case of those “essential
structures” that merit the IBC-2000 “importance factor” of 1.5 is this two-thirds

reduction, in effect, recovered.

48.  Further, the model building codes’ design procedures and acceptance

criteria are significantly less conservative than those in the SRP. The IBC-2000 and



UBC model building codes permit much more liberal allowances for the benefits of post-
elastic behavior than either DOE 1020 PC-3 and PC-4 criteria or the NRC SRPs. As
shown in Table 1, the net effect of the UBC design and acceptance criteria, which are
quite similar to those in IBC-2000 and to DOE 1020 PC1 and PC2, is a risk reduction
ratio Ry of only 2, versus a value of 10 for DOE-1020 (PC-4) and typically 5 to 20 or
more for the facilities designed to the NRC SRP. This represents a factor of 2.5 to 10 or
more in increased conservatism in the design procedures of the latter standards over
model building codes, even if the multiplier of two-thirds in the IBC-2000 is ignored.
Therefore, even though the use of IBC-2000 for essential or hazardous buildings will
imply a DBE with a 25% larger MRP than that for the PFSF (assumes applicability of the
effective 2500 MRP for “essential structures” in IBC-2000), the more conservative
design procedures and criteria of the SRP will provide that the typical PFSF SSCs have a
mean annual probability of failure several times (2.5 to S or more) lower than buildings
designed to IBC-2000 standards. In addition, as discussed above, a number of key
safety-to-important SSCs in the PFSF have great robustness and/or fractional operating

periods, which reduce their failure probabilities even further.

49.  While I am less familiar with bridge codes, it is my general understanding
that they have design procedures and criteria similar to those of model building codes
such as UBC and IBC-2000. Therefore, assuming that a 2500-MRP DBE is used in the
design of certain essential bridges in Utah, my discussion of IBC-2000 standards is
equally applicable to bridges; the design of the PFSF under a 2,000-year return period
earthquake and NRC seismic SRP design criteria provides higher safety levels than those
available in the design of these special Utah bridges.

50.  The State also claims in Basis 6 to Part B of Utah L that the 2,000-year
mean return period for the PFS facility does not ensure an adequate level of conservatism
because the return period was chosen based on the twenty-year initial licensing period
rather than a potential thirty to forty-year operating period. This contention is unfounded
because in virtually all areas of public safety hazards are measured as annual probabilities
(or frequencies) of occurrence, regardless of the length of the activity in question, the

exposure time, the estimated facility life, or the licensing duration [Ref. 12 (Paté-Cornell
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paper )]. This is also the case with respect to the risk acceptance guidelincs promulgated
by the NRC where the subsidiary performance objectives are the risk metrics Core
Damage Frequency (CDF) and Large Early Release Frequency (I.LERF). [Ref, 5 (Reg.
Guide 1.174 at p. 10)] and [Ref. 22 (SECY-00-0077 at p. 6)]. The reasons for focusing
on annual risks in making facility safety decisions include the fact that any facility
providing a needed service will, at the end of its operating life, most likely be replaced by
some other facility used for the same purposes with its own, similar risks. The spent fuel
to be stored at the proposed PFSF is currently being stored in or near nuclear power
plants, and after leaving the PFSF it will likely be stored at the proposed Yucca Mountain
facility.

V. SUMMARY

50. In this Declaration 1 have explained why the usc of probabilistic seismic
hazard analysis to establish the design basis ground motions at the PFSF site is consistent
with current NRC practice and that in other technical fields. T have showed that the
2000-ycar mean return period ground motions (i.e., those with mean annual probabilities
of exceedance of 5x107%) together with the NRC SRPs design procedures and acceptance
criteria will provide an appropriate level of public safety for the PFS ISFSi. Finally, I
have addressed each of the bases asserted by the State in support of Part B of Contention

Utah L and established that they do not undercut or controvert my conclusions.

T declare under penalty of perjury that the foregoing is true and correct.

Executed on November 9, 2001.

Aflin Cornell
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ATTACHMENT A
DETERMINATION OF RISK REDUCTION FACTORS FOR SSCs AT FACILITIES
DESIGNED USING NRC SEISMIC SRP STANDARDS
The objective of this Attachment is to show the analytical process used to determine

quantitatively the degree of conservatism inherent in the design procedures and acceptance criteria
found in both DOE Standard 1020 and the NRC SRPs. This level of conservatism is captured in
the risk reduction factor or ratio Rg. By calculating the values of Ry resulting from DOE Standard
1020 and the NRC SRPs, the risk reduction factors implicit in the SRP design procedures and
criteria can be compared to risk reduction factors expressly provided for in DOE 1020. The
precise calculated value of Rg depends on several technical parameters (defined below) whose
values may vary from site to site and from SSC to SSC. Accordingly, one can produce only a
representative range of Ry values for both the SRP and DOE 1020. (As an example, Figure C-4
on page C-11 of DOE-1020 [Ref. 11] shows the range of Rr values for SSCs designed to the

criteria specified for category PC4 SSCs in DOE-1020.)

The risk reduction ratio, Ry, is defined in NUREG/CR-6728 [Ref. 21 pp. 7-9] by the

equation:

1
—E(Knm’

—_ Ky xB Y\ Ky
R=E"(e")"e
A different formulation of this same equation appears also in DOE-1020 at page C-9. In this

equation, the variables are as follows:

e Ky, a measure of the slope of the PSHA seismic hazard curve;

e P, a measure of the degree of uncertainty in the response and capacity of SSCs;



e Fg, a measure of the margin (achieved by the procedures and criteria) between the
level of the DBE and a reference SSC capacity; and
* X, a measure of the margin between this reference capacity and the median value of
the SSC capacity.
These variables are defined in more detail in both of the references cited above (DOE 1020 at

Appendix C.2 and NUREG/CR-6728 at Section 7.2).

For the purposes of this comparison, I will use for both the SRP and the DOE 1020 Ry
determinations a range of values for the hazard curve slope Ky= 2.1 to 3.3 (NUREG/CR-6728 at
pg. 7-6). These values are representative of the relevant hazard interval (10 to 10°) for nuclear
power plants at CEUS sites (DOE 1020 at pg. C-8-9, and C-12)", and also of the relevant hazard
interval (10 to 10™) for DOE PC3 (i.e., ISFSI) SSCs at the PFSF site (e.g., the Ky at the PSFF
site for peak ground acceleration is 2.8, as determined from [Ref. 28 (Revised Geomatrix
Appendix F at Fig. 6-11 _ )]. For simplicity, I use here a typical value of f =0.4. (The
conclusions are quite insensitive to § as shown in DOE 1020 at Figure C-4 on page C-11.) These
values for Ky of 2.1 to 3.3 and for B of 0.4 are common to the calculations below of the Ry for

both DOE 1020 and the NRC SRP.

First, I consider the DOE 1020 Ry standards. For these standards, the appropriate value of
Xp 15 1.28 and the appropriate value of Fy is 1.5 SF, both of which appear in DOE 1020 at Eq. C-6,
ﬁg. C-9. For PC4 the value of the “scale factor” SF is set at 1.25 (and for PC3 it is set at 1.0) in
order to achieve the desired risk reduction ratio Rg [DOE 1020 at pg. 2-13]. Substitution of the

above values for Ky, 3, Xp, and Fr into the equation for Rr leads to a range of values of Rg from 8

! For clarity, if one uses this reference, it needs to be pointed out that the Ky range above corresponds precisely to the
Ag range of 2 to 3 that will be found at this citation; Ag is an alternative hazard curve slope measure, DOE 1020, at

pg. C-8).



to 17 for DOE 1020 category PC4, as can be seen on Figure C-4 on page C-11 of DOE 1020. The
results of these and similar calculations were used in DOE 1020 to confirm the conclusion that the
DOE 1020 design procedures and acceptance criteria set forth in Chapter 2 would achieve a value

of Rg of about 10, as required to meet the PC4 performance goal. DOE 1020 at p. C-12.

Unlike DOE 1020, the NRC SRPs have not been “tuned” to give a particular Rg (or more
precisely a representative value, such as 10 above, applicable to a range of sites). Accordingly, it
has been necessary to depend on the numerous engineering evaluations of safety margins and
“fragility curves” of SSCs designed to the SRP that have been conducted over the last 20 years in
the course of research by the industry and NRC contractors, and on the seismic probabilistic risk
assessments and seismic margins studies that have been undertaken at virtually all nuclear power
plants in the US (via the NRC IPEEE program). These evaluations have been made by earthquake
engineers familiar with nuclear power plant SSC designs prepared to the NRC SRP procedures
and criteria, and with the actual behavior of such SSCs in earthquakes as observed in the field and
tested in the lab. This experience is summarized in NUREG/CR-6728 at pg. 7-3 by the
conclusion: “For nuclear power plant design the factor of safety has typically been 1.25 to 1.5.”
NUREG/CR-6728 (at pg. 7-4). This “factor of safety” is the variable Fy in the above equation.
This factor is, however, coupled with a value of x, of 2.33. NUREG/CR-6728 (at Ch. 7), which
determines the definition of the reference capacity (referred to as a “HCLPF” or C;) used in
engineering evaluations of SRP conservatisms. This value of x, is much more conservative than

that used in DOE-1020.

Using this value of x,, and this range of Fy values one finds (for the same B value and range
of Ky values used for the DOE 1020 calculations above) that the Ry for the SRP is in the range 8

to 32. Compared to the range of 8 to 17 calculated for DOE 1020, this result confirms that the

-3-



DOE 1020 PC4 standard does indeed only “approach” those of the NRC SRP, as stated in DOE-

1020 at page C-5.

If one looks, not at the range of hazard curve slope values of 2.1 to 3.3 used for Ky in the
above calculations, but rather at the specific value Ky = 2.8 associated with peak horizontal
ground acceleration at the PFSF site, the range of NRC SRP Ry values is 12 to 21. For the subset
of SSCs sensitive to 1 second spectral accelerations, the ratios range from 8 to 12 based on the

reduced slope of the hazard curve for this period. Revised Geomatrix Appendix F at Fig. 6-11.

For simplicity in the body of the declaration and in the [Ref. 29] Applicants Response to
the State’s Int. 15, Item 9, I have summarized such detailed results in the statement that “the Ry’s

for typical components SSCs designed to the NRC SRP are in the range 5 to 20 or greater”.
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EXHIBIT 1

Resume of C. Allin Cornell



C. ALLIN CORNELL
EDUCATION:
Stanford University, Architecture AB 1960
Stanford University, Civil Engineering (Structures) MS 1961
Stanford University, Civil Engineering (Structures) PhD 1964
Doctoral Thesis: "Stochastic Process Models in Structural Engineering"
PROFESSIONAL EMPLOYMENT:
Stanford University : Acting Assistant Professor 1963-1964
Universidad Nacional Autonoma de Mexico : Visiting Professor Summer 1966
University of California, Berkeley : Visiting Associate Professor 1970-1971
Basler and Hofmann, Zurich: Research Engineer Summer 1972
Laboratorio Nacional de Engenharia Civil, Lisbon: Visiting Research Investigator 1974-1975
Massachusetts Institute of Technology: Assistant Professor and Ford Post-Doctoral Fellow 1964-1966
Assistant Professor 1966-1968
Associate Professor 1968-1974
Holder of Gilbert Winslow Career
Development Chair 1971-1974
Professor 1974-1983
Stanford University : Visiting Professor 1981-1983

Professor (Research) - Half-Time
Co-Director, Reliability of Marine
Structures Program
Fellow, SU-USGS Institute on Earthquake
Engineering and Seismology

Consulting Practice: Part-Time
Half-Time
Cygna, Inc., San Francisco Senior Vice President
C. Allin Cornell, Co. President

PROFESSIONAL ORGANIZATIONS AND COMMITTEES (Current and Former):

American Iron and Steel Institute:
Advisory Committee on Load-Factor Building Design

American National Standards Institute:
Building Loads Code Committee A58

American Society of Civil Engineers:
Committee on Structural Safety
Committee on Nuclear Power Plant Safety
Committee on Bridge Safety

1983-present
1988-present
1986-1996
1965-1981
1981-present

1984-1985
1981-present



Committee on Offshore Structure Safety
Earthquake Engineering Research Institute:

Editorial Board: Earthquake Spectra, 1991-1993

Seismic Risk Committee

Planning Committee, 50" Anniversary Annual Meeting, 1998-99
Joint European Committee on Structural Safety

National Academy of Engineering (Elected 1981)

Phi Beta Kappa

Seismological Society of America:  Board of Directors, 1984-1987
Vice-president 1985-1986
President 1986-1987

Sigma Xi

Society of Risk Analysis:

Senior Advisory Board, 1991 P.S.A.M. Conference
JOURNAL EDITORJAL BOARDS:
Structural Safety; Risk Abstracts; Probabilistic Engineering Mechanics; Engineering Structures;

Earthquake Spectra, Uncertainties in Structural Mechanics

GOVERNMENT COMMITTEES AND SERVICE:

NBS, Consultant 1967-1975
USGS, Advisory Committee to Seismicity and Risk Analysis Branch 1974
UNESCO, Working Group on Definition of Seismicity and Ground Motion 1974
USGS, Workshop on Earthquake Prediction and Engineering Hazards 1977
NAE/NRC-Marine Board

Committee on Offshore Technology 1979-1981

Committee on Marine Structures,

Loads Advisory Group 1986-1987

Parent Committee 1987-1989
NAS Committee on Seismology 1981-1984

Panel on Science of Earthquakes 1996-2001

NAS-Water Board
Committee on Techniques for Estimating Probabilities of Extreme Floods 1986-1988

NAE/NRC-Geotechnical Board - Comm. for Workshop on Reliability Methods for
Risk Mitigation in Geotechnical Engineering 1992-1994



é

NRC Seismic PRA Seminar Technical Coordinator 1982
OECD-CSNI Specialist Meetings: Probabilistic Methods in SRA for NPP's
Chairman 1980
Technical Organizing Committee 1983

NATO, Advanced Study Institute,

Reliability of Structures and Soils, Lecturer, (Seismic Safety of NPP's) 1982
AWARDS RECEIVED:
Huber Research Prize, American Society of Civil Engineers 1971
Guggenheim Fellowship 1974-1975
Fulbright-Hayes Advanced Research Grant 1974-1975
Moisseiff Award, American Society of Civil Engineers 1977
Norman Medal, American Society of Civil Engineers 1983
(First) ICASP Award, Committee of Inter. Conference on Applications of Statistics
and Probability in Soils and Structures 1987

Fruedenthal Medal, American Society of Civil Engineers 1988
Offshore Technology Research Center Honors Lecture, OTC 1995
EERI Distinguished Lecturer 1999

EERI OQutstanding Paper of 1998 (Earthquake Spectra)
(Co-authors: Shome, Bazzurro, and Carballo) 2000

SOME REPRESENTATIVE RECENT SPONSORED UNIVERSITY RESEARCH CONTRACTS:
SPONSOR:
NSF Stochastic Models of Structural Loads.
Spatial and Temporal Memory in Earthquake Recurrence and Hazard.
Nonlinear Seismic Assessment Procedures for Buildings
Probabilistic Prediction of Near-Source Strong Ground Motion and Nonlinear Structural Response
PEER (NSF Earthquake Engineering Center): Technical Foundation for Performance-Based Design
SAC  Nonlinear Seismic Demands in Fracturing Steel Moment-Resisting Frames

ONR  Reliability Analysis of Moored Marine Structures.

EPRI  Multi-site Wind Record Analysis for Transmission Lines Structural Loads.




Effectiveness of Strong Ground Motions.
MMS Probability-Based Design Procedures for Offshore Structures
NRC  Hazard-Consistent Nonlinear Analysis of Structures and Soils
JOINT INDUSTRY PROJECT

(36 company consortium, managed by Amoco Production Company)

Structural Systems Reliability Analysis for Offshore Structures.

INDUSTRIAL AFFILIATES PROGRAM 1986-present
Reliability of Marine Structures.

[resumes\argeparts\log.vitae\04\00]



1999

1998

1997

REPRESENTATIVE CONSULTING PROJECTS

Seismic Studies (Seismic Hazard Analysis;

Seismic Probability Risk Assessment;

Seismic Margins; Criteria Development,;

Policy Advising, etc.):

DOE/Woodward-Clyde (Yucca Mountain PSHA Peer Review)

NRC/REI (Ground Motions Procedures Peer Review Panel)

SAC (Reliability-based Building Assessment Guidelines)

BP Amoco/EQE (ISO Offshore Seismic Guidelines)

Westinghouse (Savannah River Seismic Review)

NRC/ICF (Advisory Committee: New Dry Storage Cask Guidelines)
Offshore Platform Structures/Marine Reliability

REIJIP (Riser Reliability)

E&P Forum JIP/REI (Low Probability Storm Assessment)

ABS (M.O.B.: Probability-based Design Procedures)

BP-Amoco (Prob. Asses. Of Extreme Ice Effects)
Other

DOE/Geomatrix (Design Decision Process: Yucca Mtn.)

BC Hydro (Dam Safety Guidelines; review)

WES/Ben Gerwick (Dam PRA Methodology)

Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
DOE/Woodward-Clyde (Yucca Mountain PSHA Peer Review)
DOE/Geomatrix (Yucca Mountain Volcano Hazard Analysis)
NRC/REI (Ground Motions Procedures Peer Review Panel)
B.C. Hydro (Keenleyside Dam Seismic Risk, Peer Review Panel)
Bechtel (Hanford Vitrification Plant PSHA)
Offshore Platform Structures/Marine Reliabiity
REI/JIP (Riser Reliability)
ABS (Risk-Based Ship Criteria)
Mobil (Seismic Design Frequency)
E&P Forum JIP/REI (Low Probability Storm Assessment)
EPR (Reliability Tutorial)
ABS (M.O.B.: Probability-based Design Procedures)
Other
DOE/Geomatrix (Design Decision Process: Yucca Mtn.)
BC Hydro (Dam Safety Guidelines; review)

Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
DOE/Woodward-Clyde (Yucca Mountain PSHA Peer Review)
DOE/Geomatrix (Yucca Mountain Volcano Hazard Analysis)
NRC/REI (Ground Motions Procedures Peer Review Panel)
NRC/Waterways Exper.Sta. (Probabilistic Liquefaction Analysis)
B.C. Hydro (Keenleyside Dam Seismic Risk, Peer Review Panel)



DOE/Pacific Engineering (Probabilistic Scil Amplification; Savannah River Site)
Cal. Earthquake Authority (Expert testimony)
Offshore Platform Structures/Marine Reliabiity
Amoco (Offshore Reliability)
REIL/JIP (Riser Reliability)
ABS (Risk-Based Ship Criteria)
Bechtel (M.O.B.: Extreme Environment Characterization; Reliability)
ABS (M.O.B.: Probability-based Design Procedures)
Exxon Production Research (Seismic Criteria)
Other
EPRI/Sargent and Lundy (Temporary Loads Reliablity)
BC Hydro (Dam Safety Guidelines; review)

1996 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment,;
Seismic Margins,; Criteria Development;
Policy Advising, etc.):
USGS/DOE (Review of U.S. Hazard Maps)
DOE/Woodward-Clyde (Yucca Mountain PSHA Peer Review)
DOE/Geomatrix (Yucca Mountain Volcano Hazard Analysis)
NRC/REI (Ground Motions Procedures Peer Review Panel)
NRC/Waterways Exper.Sta. (Probabilistic Liquefaction Analysis)
Warburg Pincus (Seismic Insurance Risk Methods)
Aon Insurance Services (Seismic Insurance Risk Analysis)
Seattle Seahawks (King Dome Seismic Review)
B.C. Hydro (Keenleyside Dam Seismic Risk, Peer Review Panel)

Offshore Platform Structures/Marine Reliabiity

Chevron (Hurricanes)
Amoco (Offshore Reliability)
REL/JIP (Riser Reliability)
Shell/PMB (Maui A and B Seismic Reliability)
ABS (Risk-Based Ship Criteria)

1995 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
DOE/Woodward-Clyde (Yucca Mountain PSHA Peer Review)
DOE/Geomatrix (Yucca Mountain Volcano Hazard Analysis)
DOE/BNL (Short-term Seismic Exposure)
MMS/LLNL (Santa Barbara Channel PSHA )
B.C. Hydro (Seismic Risk Methods)
NRC/LLNL (Seismic Source Characterization)
EQE (Review of Cal. Eq. Auth. Analysis)
USGS/ATC (Paper/Workshops on PSHA)
Offshore Structures Reliability
Exxon Pro.Res. (Seismic Hazard and Response: Caspian Sea/Sakalin Island)
Mobil (Seismic Hazard and Response: Holly Platform)
PMB/JIP (Hurricane Andrew Bayesian Update of
Structural Loads and Capacities II)

1994 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;



Policy Advising, etc.):

DOE/LLNL (Senior Hazard Advisory Committee;
site hazard revisions)

DOE/BNL (Tanks Seismic Expert Panel; site reviews)

NRC/LLNL (Appendix B Revision; expert committee)

DOE/High-Level Waste Review Board

Commonwealth Edison Co. (Short-Term Criteria)

Woodward-Clyde (Hazard Methodology Update)

SRI/EDF (France) (SPRA Methodology)

Westinghouse Hanford (Safety Class Definition)

REI/DOE (SHA review)

Guy Carpenter Inc. (Loss estimation review)

ISEC/Golden Gate Bridge Retrofit

Offshore Structures Reliability:

PMB/JIP (Hurricane Andrew Bayesian Update of
Foundation Capabilities)

PMB/JIP (Hurricane Andrew Bayesian Update of
Structural Loads and Capacities II)

REI/HP (Reliability Software Development Advice)

Chevron (Hurricane Statistics)

Exxon Production Research (Response Analysis)

Statoil (Failure Probability Bases}

1993 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins, Criteria Development;
Policy Advising, etc.):
DOE/LLNL (Senior Seismic Hazard Advisory Committee; site reviews)
DOE/BNL (Tanks Seismic Expert Panel)
Woodward-Clyde (SHA)
San Diego Gas & Electric (SHA Review)
EPRI (Max. Magnitude Project)
NRC/CNWRA (HLW Seismic Criteria)
ISEC/Golden Gate
REI/NRC(Seismic Motions/PRA)
EPRI (Max. Magnitude Project)
Ofshore Structures Reliability:
PMB/JIP (Hurricane Andrew Bayesian Update of
Structural Loads and Capacities)
Unocal (Seismic safety review; SHA reviews)
Chevron (Extreme Wave Reliability-Methodology)
Statoil (Norway) (North Sea SHA review)
PMB/JIP (Dynamic Capacity)

1992 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins, Criteria Development;
Policy Advising, etc.):
DOE/LLNL (NPR Senior Advisory Committee; Interim Criteria, site reviews)
DOE/BNL (TSEP; site SHA reviews)
NRC/LLNL (Appendix B Revision, expert panel)
EPRI (Maximum Magnitude Project)
Geomatrix (CalTrans SHA reviews)
Woodward-Clyde (CalTrans SHA reviews)
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Portland General Electric (Senior Seismic Panel)
ISEC/Golden Gate

REI/NRC (Seismic Motions/PRA)

ESA (Aqueduct Analysis)

REI/NSF (Loma Prieta Motions Analysis)

Offshore Structures Reliability:
Unocal (SHA review; SHA and criteria)
REI (TLP-LRFD JIP)
PMB/USN
PMB/IIP (Dynamic Capacity)
PMB/JIP (Andrew Bayesian Update)
Chevron (Reliability Methodology)
API (Seismic Requalification Criteria)

1991 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc,):
DOE/LLNL (Natural Hazards; NPR Senior Advisory Committee;
Interim Criteria, site reviews)

BC Hydro (Seismic Hazard Committee)
Portland General Electric (Senior Seismic Panel)
EPRI (Maximum Magnitude Project)
NRC
REI/CGMG (Seismic Motion Analysis)
REI/NRC (Seismic Motions/PRA)

Offshore Structures Reliability:
PMB/USN (Underwater Array Reliability)
EPR (Seismic Review)
API (Seismic Requalification Criteria)

Other:
Paul, Hastings, Janofsky and Wal (Fiber Pipe Reliability)

1990 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins, Criteria Development;
Policy Advising, etc.):
DOE/LLNL/BNL (NPR Senior Advisory Committee; Interim Criteria;
Site Reviews; High-Level Waste Tanks)
EPRI/NUMARC/IPEEE
Exxon Production Research (Reliability)
USGS/NEPEC (Bay Area Seismic Hazard)
NRC/ACNW
Portland General Electric
Woodward-Clyde Consultants
Offshore Structures Reliability:
Exxon Production Research (EPR) (reliability software)
PMB/NCEL
ELF Aquitaine (France)/LRFD Development
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Other:
NASA/Veritas Research (Structural Reliability)

1989 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
DOE/LLNL (Senior Review Group: External Events Assessment
and Criteria; NPR Criteria)
Pacific Gas and Electric
Portland General Electric
Electric Power Research Institute
(Severe Accident Policy, Seismic Hazard, High Frequency
Ground Motion Effects)
Nuclear Regulatory Commission/ANL
Woodward Clyde Consultants
Risk Engineering, Inc.
Geomatrix
Offshore Structures Reliability:
Joint Industry Project (12 sponsors); Full-scope
Reliability ("MCAPS"); Amoco Production Co., Manager.
ELF Aquitaine (France)
Exxon Production Research
Statoil (Norway)

1988 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
Pacific Gas and Electric Co. (Diablo Canyon Long-Term
Seismic Program, Advisory Board and Consultant)
Electric Power Research Institute (Senior Advisory Group:
Eastern U.S. Seismic Hazards Project)
Risk Engineering, Inc.
U.S. Nuclear Regulatory Commission/ANL
Portland General Electric (Senior Seismic Panel)
Bechtel Corporation
Canada Qil and Gas Administration
Statoil (Norway)
Offshore Structures Reliability:
Joint Industry Project (36 sponsors); Structural Systems
Reliability; Amoco Production Co., Manager
Joint Industry Project (12 sponsors): Full-Scope Systems
Reliability ("MCAPS"); Amoco Production Co., Manager
ELF Aquitaine (France)
Amoco Production Co.
Exxon Production Research
Bridge Loadings:



Representative Consulting Activities
Page 6

NCHRP (Jointly with Imbsen and Associates, Inc.)

1987 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
Pacific Gas and Electric Co. (Diablo Canyon Long-Term Seismic
Program, Advisory Board and Consultant)
Electric Power Research Institute (Senior Advisory Group:
Eastern U.S. Seismic Hazards Project)
(Non-Poissonian Earthquake Recurrence Analysis Project)
U.S. Nuclear Regulatory Commission
Geomatrix
Offshore Structural Reliability:
Joint Industry Project (36 sponsors); Systems Reliability;
Amoco Production Co., Manager
Joint Industry Project (12 sponsors): Full-Scope Systems
Reliability ("MCAPS"); Amoco Production Co, Manager
ELF Aquitaine (France)
Site-Specific Bridge Loads:
NCHRP (Jointly with Imbsen and Associates, Inc.)

1986 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
Pacific Gas and Electric Co. (Diablo Canyon Long-Term
Seismic Program, Advisory Board and Consultant)
Electric Power Research Institute (Senior Advisory Group:
Eastern U.S. Seismic Hazards Project)
Woodward-Clyde
Impell
Bechtel Corp.
Yankee Atomic Electric Co.
U.S. Nuclear Regulatory Commission
Offshore Structures Reliability:
Joint Industry Project (36 sponsors); Systems Reliability;
Amoco Production Co., Manager
Joint Industry Project (12 sponsors): Full-Scope Systems
Reliability ("MCAPS"); Amoco Production Co., Manager
ELF Aquitaine (France)
Amoco Production Co.

1985 Seismic Studies (Seismic Hazard Analysis;
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development;
Policy Advising, etc.):
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Pacific Gas and Electric Co. (Diablo Canyon Long-Term
Seismic Program, Advisory Board and Consultant)
Electric Power Research Institute (Senior Advisory Group:
Eastern U.S. Seismic Hazards Project)
(Non-Poissonian Earthquake Recurrence Analysis Project)
Maine Yankee Power Co.
Yankee Atomic Electric Co.
U.S. Nuclear Regulatory Commission (Design Margins and
SPRA Validation Senior Advisory Committees)
Bechtel Corp.
Sandia (Long-Term Nuclear Waste Disposal)
Electricite de France
Structural Systems Reliability:
G.A. Technologies (through DOE) (HTGR Probability-Based
Design Criteria Advisory Board)
Offshore Structures Reliability:
ELF Aquitaine (France)
Joint Industry Project (36 sponsors); Structural
Systems Reliability; Amoco Production Co., Manager
Joint Industry Project (12 sponsors): Full-Scope Systems
Reliability ("MCAPS"); Amoco Production Co., Manager
Statistical Analysis of Construction Quality Sampling:
Anolik et al (Shelter Ridge Condominiums)
Fairfield et al (Hunters Point Housing Project)

1984 Seismic Studies (Seismic Hazard Analysis;

Seismic Probability Risk Assessment;

Seismic Margins; Criteria Development;

Policy Advising, etc.):

Maine Yankee Power Co. (Maine Yankee)
Lawrence Livermore National Laboratory

Pacific Gas and Electric Co. (Diablo Canyon)
Yankee Atomic Electric Co. (Yankee Rowe, et al)
Niagara Power (through Dames and Moore)

NRC (Design Margins and SPRA Validation Senior
Advisory Committees)

Dames and Moore (Millstone)

Electric Power Research Institute (Senior Advisory Group:

Eastern U.S. Seismic Hazards Project)
Probabilistic Extreme Precipitation and Flood Analysis:
Yankee Atomic Electric Co.
Risk Analysis Tutorials, Short Courses, etc.:

Woodward-Clyde Consultants

ACTA, Inc.

Offshore Structures Design Criteria:
PMB Systems (SOHIO, Shell)

1983 Seismic Studies (Seismic Hazard Analysis:
Seismic Probability Risk Assessment;
Seismic Margins; Criteria Development; Policy Advising, etc.):
Maine Yankee Power Co. (Maine Yankee)
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1982

1980-81

Lawrence Livermore National Laboratory
NRC, (ACRS)
Yankee Atomic Electric Company
Cygna, Inc.
Boston Edison (through Yankee Atomic Electric Co.)
Pickard, Lowe & Garrick, Inc. (Seabrooke)
Niagara Power (through MPR, and Dames and Moore)
Electric Power Research Institute (Research through Yankee Atomic Electric Co.)
Electric Power Research Institute (Eastern Seismic
Hazard Project Senior Advisory Committee)
Law Engineering and Testing Co. (Duke Power Co.)
Office of Naval Research
A. Anolik (Westborough Housing Study)
Structural Code Development:
Electric Power Research Institute/Col. State Univ. (Transmission Lines)
ACTA, Inc.
Probabilistic Extreme Precipitation and Flood Analysis:
Yankee Atomic Electric Co.
Risk Analysis Tutorials, Short Courses, etc.:
Woodward-Clyde Consultants (Probabilistic Methods)
ACTA, Inc. (Extreme Events)
Offshore Structures Design Criteria (Waves, Ice, System Reliability, etc.):
PMB Systems (SOHIO, Shell)

Seismic Studies (NPP Sites):
Pickard, Lowe and Garrick (Zion, Indian Point, Seabrooke)
Yankee Atomic Electric Co. (Yankee Rowe)
Maine Yankee Power Co. (Maine Yankee)
Woodward-Clyde Consultants
Stone and Webster Corp. (Millstone)
Dames and Moore (Millstone)
Electric Power Research Institute (through Yankee
Atomic Electric Co.: Development of Historic SHA)
NRC, Lawrence Livermore National Laboratory
Pile Foundation System Reliability:
NUCLEN, (Brazil)
Structural Code Development:
Electric Power Research Institute/Colorado State Univ.
ACTA, Inc.
Load Combination Analysis:
Lawrence Livermore National Laboratory
Risk Analysis Tutorials, Short Courses, etc.:
NRC (through Sandia National Laboratory)
Woodward-Clyde Consultants

Seismic Studies:
Pickard, Lowe and Garrick
Yankee Atomic Electric Power Co.
Lawrence Livermore National Laboratory
Pile Foundation System Safety:
NUCLEN, (Brazil)
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1979-80

1978-79

1977-78

1976-77

1975-76

Load Combination Analysis:
Lawrence Livermore National Labortory

Seismic Studies:
Pickard, Lowe and Garrick
Weston Geophysical Research
Woodward-Clyde Consultants
Lawrence Livermore National Laboratory/NRC
Yankee Atomic Electric Co.
Air Pollution Hazard Study:
Pickard, Lowe and Garrick
Structural Safety Short Course:
Raytheon Co.
Load Combination Analysis:
G.E. Mark II Reactor Owners Group (through N.M. Newmark)

Seismic Studies:
T.V.A.
Weston Geophysical Research
Southern California Edison Co.
Woodward-Clyde Consultants
Lawrence Livermore National Labortory/NRC
Load Combination Studies:
G.E. Mark II Reactor Owners Group (through N.M. Newmark)

Seismic Risk Analysis and Ground Motion Predictions:
T.V.A.
Pacific Gas and Electric Co.
Woodward-Clyde Consultants
Seismic Reliability Studies of Nuclear Power Plant Systems:
Southern California Edison Co. Pacific Gas and Electric Co.
Pickard, Lowe and Garrick
Technical Chairman; one-week seminar for German Government (BAM)
Nuclear Regulatory Commission and Lawrence Livermore National Laboratory;
Senior Advisory Group: Seismic Safety Margins Research Project

Seismic Risk Analysis and Ground Motion Consultation
Bell Laboratories
Pacific Gas and Electric Co.
Law Engineering
U.S. Army Corps of Engineers
Boston Edison Co.
Weston Geophysical Research, Inc.
Statistical Analysis of Fires:
NFPA

Probadbilistic Systems Analysis; Dutch Oosterschelde Closure Project:
T. W. Lambe and Associates

Seismic Risk Analysis and Ground Motion Consultation:
Nuclear Fuel Services
Dames and Moore
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Weston Geophysical Research, Inc.
Boston Edison Co.
Basler and Hofmann
Advisory Committee on NFPA Project on Probabilistic Fire Safety Analysis
1974-75 Seismic Risk Analysis Consultation:
Dames and Moore
Weston Geophysical Research, Inc.
Aircraft Crash Risk Consultation:
Pickard and Lowe
1973-74 Aircraft Crash Risk Studies for Nuclear Power Plants
for PEPCO and Stone and Webster through Weston Geopysical Research, Inc. and others
Seismic Risk Analyses and Artificial Design Motions
for Several Engineering Projects
Assorted Hazard Study Reviews
for Pickard and Lowe
Refinement and Documentation of Seismic Risk Analysis Programs
for J. A. Blume and Associates
Wind-Loading Studies on Boston's John Hancock Building
for Hansen, Holley and Biggs
National Bureau of Standards Building Live Loads Survey
Report Preparation; and (through J. H. Wiggins and Company)
Survey Implementation Review
1972-73 Through Weston Geophysical Research, Inc., American Electric Power; Stone and Webster; et al..
Design Response Spectra and Probabilistic Artificial Motions for Several
Nuclear Power Plant Projects
For Pickard and Lowe:
Wind-Induced Wave Risks on Great Lakes
Review of Seismic Risk Analysis for Dames and Moore
Consultation to NBS on Live Load Survey Implementation
Aircraft Crash Risk Analysis for Nuclear Power Plants
for Oregon Nuclear and Thermal Energy Council
1971-72 Design of a Building Live Loads Survey

for National Bureau of Standards
Through Weston Geophysical Research, Inc.:
a) Response Spectra and Seismic Design Criteria for Several Nuclear Power Plants
b) Development of Seismic Risk Map for American Electric Power
Retained as Seismic Consultant to Environmental Research, Inc., Las Vegas, Nevada
Through Hansen, Holley and Biggs:
Seismic Design Levels and Response Spectra for Drydock Sites on West Coast
for Crandall Drydocks, Inc.
Wind Dispersion Analysis
for Pickard and Lowe
Advisor to University of Mexico Earthquake Engineering Project
for UNESCO

1970-71 Review of Fire Loads Survey Analysis for CEACM, Paris
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Through Weston Geophysical Research, Inc.: Seismic Design Criteria
for several Nuclear Power Plants
Aircraft Crash Risk Analysis for Pickard and Lowe
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PUBLICATIONS

Book:

Benjamin, J. R. and Cornell, C. A., Probability, Statistics, and Decision for Civil Engineers, McGraw-Hill Book
Company, 1970.

Papers in Referred Journals:

Torres, G. G. B., Brotchie, J. R., and Cornell, C. A., “A Program for the Optimum Design of Prestressed Concrete
Highway Bridges”, Journal of the Prestressed Concrete Institute, Vol. 11, No. 3, June, 1966.

Reinschmidt, K. F., Cornell, C. A., and Brotchie, J. R., “Iterative Design and Structural Optimization”, Journal of the
Structural Division, ASCE, Vol. 92, No. ST6, December, 1966, pp. 281-318.

Sturman, G. M., Albertson, L. C., Cornell, C. A., and Roesset, J. M., “A Computer-Aided Bridge Design System”,
Journal of the Structural Division, ASCE, Vol. 92, No. ST6, December, 1966, pp. 141-165.

Cornell, C. A., “Bounds on the Reliability of Structural Systems”, Journal of the Structural Division, ASCE, Vol. 93,
No. ST1, February, 1967, pp. 171-200.

Ayer, F. and Cornell, C. A., “Grid Moment Maximization by Mathematical Programming”, Journal of the Structural
Division, ASCE, Vol. 94, No. ST2, February, 1968, pp. 529-549.

Cornell, C. A. and Vanmarcke, E. H., “Some Practical Implications of Elementary Safety Analysis”, Journal of the
Boston Society of Civil Engineers, Vol. 55, No. 3, July, 1968.

Cornell, C. A., “Engineering Seismic Risk Analysis”, Bulletin of the Seismological Society of America, Vol. 58, No. 5,
October, 1968, pp. 1583-1606.

Comnell, C. A., “A Probability-Based Structural Code”, Journal of the American Concrete Institute, No. 12, Proc. Vol
66 December, 1969, pp. 974-985.

Corotis, R. B., Vanmarcke, E. H., and Comell, C, A., “First Passage of Non-Stationary Random Processes”, Journal
of the Engineering Mechanics Division, ASCE, No. EM2, April, 1972, pp. 401-414.

Peir, J. C. and Cornell, C. A., “Spatial and Temporal Variability of Live Loads", Journal of the Structural Division,
ASCE, Vol. 99, No. ST5, May, 1973, pp. 923-943.

McGuire, R. K. and Comell, C. A., “Creep of Concrete Under Stochastic Live Load”, Journal of the Structural Division,
ASCE, Vol. 99, No. STS5, May, 1973, pp. 923-943.

Merz, H. A. and Cornell, C. A., “Seismic Risk Analysis Based on a Quadradic Magnitude-Frequency Law”, Bulletin
of Seismological Society of America, Vol. 63, No. 6, December, 1973, pp. 1999-2006.

McGuire, R. K. and Cornell, C. A., “Live Load Effects in Office Buildings”, Journal of the Structural Division, ASCE,
Vol. 100, No. ST7, July, 1974, pp. 1351-1366.

Ang, A. H. S. and Cornell, C. A., “Reliability Bases of Structural Safety Design", Journal of the Structural Division,
ASCE, Vol. 100, No. ST9, September, 1974, pp. 1755-1770.
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Whitman, R. V., et al., "Seismic Design Decision Analysis", Journal of the Structural Division, ASCE, Vol. 101, No.
ST5, May, 1975, pp. 1067-1084,

Garson, R. C., Morla-Catalan, J., and Comell, C. A., “Tornado Design Winds Based on Risk”, Journal of the Structural
Division, ASCE, Vol. 101, No. ST9, September, 1975, pp. 1883-1897.

Comnell, C. A. and Merz, H. A., “Seismic Risk Analysis of Boston”, Journal of the Structural Division, ASCE, Vol. 101,
No. ST10, October, 1975, pp. 2027-2034.

Morla-Catalan, J. and Comell, C. A., “Earth Slope Reliability by a Level-Crossing Method", Journal of the
Geotechnical Division, ASCE, Vol. 102, No. GT3, June, 1976.

Veneziano, D., Grigoriu, M., and Corell, C. A., “Vector-Process Models for System Reliability”, Journal of the
Engineering Mechanic Division, ASCE, Vol. 103, No. EM3, Proc. paper 12981, June, 1977, pp. 441-460.

Ravindra, M. K., Cornell, C. A., and Galambos, T. V., “Wind and Snow Load Factors for Use in LRFD", Journal of
the Structural Division, ASCE, Vol. 104, No. ST9, Proc. Paper 14006, September, 1978, pp. 1443-1457.

Fardis, M. N. and Cornell, C. A., “Containment Liner Seismic Reliability Under Statistical Uncertainty”, Nuclear
Engineering and Design, Vol. 49, No. 3, September, 1978, pp. 279-294.

Fardis, M. N. and Cornell, C. A., “Seismic Soil-Containment Interaction: Pipe Safety”, Journal of the Engineering
Mechanics Division, ASCE, Vol. 104, No. EM6, Proc. Paper 14218, December, 1978, pp. 1353-1370.

Fardis, M. N., Comell, C. A., and Meyer, J. E., “Accident and Seismic Containment Reliability”, Journal of the
Structural Division, ASCE, Vol. 10§, No. ST1, Proc. Paper 14305, January, 1979, pp. 67-83.

Larrabee, R.D. and Cornell, C.A., “Upcrossing Rate Solution for Load Combinations”, Journal of the Structural
Division, ASCE, Vol. 105, No. ST1, Proc. Paper 14329, January, 1979, pp. 125-132.

Cornell, C. A., Shakal, A., and Banon, H., “Seismic Motion and Response Prediction Alternatives”, Earthquake
Engineering and Structural Dynamics, Vol. 7, 1979, pp. 295-315.

Millman, R., Kilcup, R., and Cornell, C. A., “Design Temperature for Structural Elements”, Journal of the Structural
Division, ASCE, Vol. 106, No. ST4, Proc. Paper 15364, April, 1980, pp. 877-895.

Kennedy, R. P., Cornell, C.A., Campbell, R.D., Kaplan, S. and Perla H.F., “Probabilistic Seismic Safety Study of an
Existing Nuclear Power Plant”, Nuclear Engineering and Design, Vol. 59, No. 2, August, 1980, pp. 315-338.

Cormell, C. A., “Some Thoughts on Systems and Structural Reliability”, Nuclear Engineering and Design, Vol. 60, No,
1, September, 1980, pp. 115-116.

Cormmell, C. A., “Utilization of Present Knowledge of Probabilistic Structural Reliability in Analyses of Nuclear Power
Plants”, Nuclear Engineering and Design, Vol. 60, No. 1, September, 1980, pp. 33-36.

Larrabee, R. D. and Cornell, C. A., “Combination of Various Load Processes”, Journal of the Structural Division, Vol.
107, No. ST, January, 1981, pp. 223-239.

Fardis, M. N. and Cornell, C. A., “Analysis of Coherent Multistate Systems”, IEEE Transactions on Reliability, Vol.
R-30, No. 2, June, 1981, pp. 117-122.
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Galambos, T.V., Ellingwood, B., MacGregor, J.G. and Cornell, C.A., “Probability-Based Load Criteria: Assessment of
Current Design Practice", Journal of the Structural Division, ASCE, Vol. 108, No. ST5, May, 1982, pp.
959-977.

Galambos, T, V., Ellingwood, B., McGregor, J.G. and Cornell, C.A., "Probability-Based Load Criteria: Load Factors
and Load Combinations”, Journal of the Structural Division, ASCE, V. 108, No. ST5, May, 1982, pp. 978-997.

Winterstein, S. R. and Comnell, C. A. “Load Combinations and Clustering Effects”, Journal of the Structural Division,
ASCE, Vol. 110, No. 11, November, 1984, pp. 2690-2708.

Winterstein, S. R. and Comnell, C. A., “The Energy Fluctuation Scale and Diffusion Models”, Journal of Engineering
Mechanics, ASCE, No. 2, February, 1985, pp. 125-142.

Toro, G. R., and Comnell, C. A., “Extremes of Gaussian Processes with Bimodal Spectra”, Journal of Engineering
Mechanics, ASCE Vol. 112, No. 5, pp. 465-484, May, 1986.

Comell, C. A., “On the Seismology - Engineering Interface”, Presidential Address, Bulletin of the Seismological Society
of America, April, 1988, Vol. 78, No. 2.

Bjerager, P., Loseth, R., Winterstein, S. R. and Cornell, C. A., “Reliability Method for Marine Structures Under
Multiple Environmental Load Processes,” Proceedings of the 5th International Conference on Behavior of
Offshore Structures, BOSS, N.I.T., Trondheim, Norway, June, 1988.

Comnell, C. A., and Winterstein, S. R., “Temporal and Magnitude Dependence in Earthquake Recurrence Models”,
Bulletin of the Seismological Society of America, August, 1988, Vol. 78, No. 4.

Karamchandani, A., and Cornell, C. A., “Sensitivity of Simulation Estimates to Changes in Distribution Parameters”,
Submitted to ASCE, 1990,

De, R. 8., Karamchandani, A., and Cornell, C. A., “Offshore Structural System Reliability Under Changing Load
Pattern”, Applied Ocean Research, V. 13, No. 3, June, 1991.

Karamchandani, A., and Cornell, C. A., "An Event-to-Event Strategy for Non-Linear Analysis of Truss Structures”,
ASCE Structural Division, Vol. 118 No. 4, April, 1992, pp. 895-925,

Karamchandani, A., and Cornell, C. A., “Reliability Analysis of Truss Structures with Multi-State Elements”, Jo. of Str.
Engrg., Vol. 118, No. 4, April, 1992.

Karamchandani, A., and Comell, C. A., “Adaptive Hybrid Conditional Expectation Approaches for Reliability
Estimation”, Structural Safety, Vol. 11, No. 1, November, 1992, pp. 59-74.

Karamchandani, A., and Comell, C. A., “Sensitivity Estimation Within First and Second Order Reliability Methods”,
Structural Safety, Vol. 11, No. 2, 1992, pp. 95-108.

Comell, C.A., Wu, S.C., Winterstein, S.R., Dieterich, J.H., and Simpson, R.W., “Seismic Hazard Induced by
Mechanically Interactive Fault Segments”, BSS4, Vol. 83, No. 2, pp. 436-449, April, 1993.

Bea, R.G., Cornell, C.A., Vinnem, J.E., Geyer, J.F., Shoup, G.J., and Stahl, B., “Comparative Risk Assessment of

Alternative TLP Systems: Structure and Foundation Aspects”, Jour. of OMAE, ASME, Vol. 116, pp. 86-96,
May, 1994,
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Bazzurro, P. and Cornell, C.A., “Seismic Hazard Analysis for Non-Linear Structures. I: Methodology”, Jo. of Str.
Engrg., ASCE, Vol. 120, No. 11, November, 1994.

Bazzurro, P. and Comnell, C.A., “Seismic Hazard Analysis for Non-Linear Structures. II: Applications”, Jo. of §
Engrg., ASCE, Vol. 120, No. 11, November, 1994.

Banon, H., Bea, R.G., Bruen, F.J., Comell, C.A,, and Krieger, W.F., “Assessing Fitness for Purpose of Offshore
Platforms. I: Analytical Methods and Inspections”, Jour. of Struct. Engrg., ASCE, Vol. 120, No. 12, Dec,
1994.

Wu, S.-C., Comnell, C.A., and Winterstein, S.R., “A Hybrid Recurrence Model and Its Implication on Seismic Hazard
Results”, BSSA, Vol. 85, No. 1, pp. 1-16, February, 1995.

Jackson, D.D., Aki, K., Cornell, C.A., Dieterich, J.H., Henyey, T.L., Mahdyiar, M., Schwartz, D., and Ward, S.N.
(Working Group on California Earthquake Probabilities), “Seismic Hazard in Southern California: Probable
Earthquakes, 1994 t0 2024 ", BSS4, Vol. 85, No. 2, pp. 379-439, April, 1995.

Bazzurro, P., Comell, C.A., Diamantidis, D., and Manfredini, G.M., “Seismic Damage Hazard Analysis for
Requalification of Nuclear Power Plant Structures: Methodology and Application”, Nuclear Engineering and
Design, Vol. 160, pp. 321-332, 1996.

Manuel, L., and Cornell, C.A., “The Influence of Alternative Wave Loading and Support Modeling Assumptions on
Jack-up Rig Response Extremes”, Transactions of ASME, Journal of Offshore Mechanics and Arctic
Engineering, PP. 109-114, Vol. 118, No. 2, May, 1996.

Shome, N., Cornell, C.A., Bazzurro, P., and Carballo, J.E., “Earthquakes, Records and Nonlinear Responses”,
Earthquake Spectra, Vol. 14, No. 3, pp. 469-500, August, 1998.

Bazzurro, P., Comnell, C.A., Shome, N., and Carballo, J.E., “Three Proposals for Characterizing MDOF Nonlinear
Seismic Response”, Journal of Structural Engineering, ASCE, Vol. 124, No. 11, pp. 1281-1289, November,
1998.

Budnitz, R.J., Apostolakis, G., Boore, D.M., Cluff, L.S., Coppersmith, K.J., Comell, C.A., and Morris, P.A., “Use of
Technical Expert Panels: Applications to Probabilistic Seismic Hazard Analysis”, Risk Analysis, Vol. 18, No.
4, pp. 463 —469, 1998.

Manuel, L., Schmucker, D.G., Comell, C.A. and Carballo, J.E., “A Reliability-Based Design Format For Jacket
Platforms Under Wave Loads”, Marine Structures, Vol.11, No. 10, pp. 413-428, 1998.

Bazzurro, P., and Comell, C.A., “On Disaggregation of Seismic Hazard", Bulletin of Seismological Society of America,
B.S.5.4.., Vol. 89, No.2, pp. 501-520, April, 1999.

Luco, Nicolas and Cornell, C.Allin, “Effects of Connection Fractures on SMRF Seismic Drift Demands”, ASCE Journal
of Structural Engineering, Vol. 126, No. 1, pp.127-136, January, 2000.

Stahl, Bernhard, Gebara , Joseph M., Aune, Stig and Cornell, C.Allin, “Acceptance Criteria for Offshore Platforms”,
Journal of Offshore Mechanics & Arctic Engineering, Vol. 122,No. 3, pp. 153-156, August, 2000.

Hanks, Thomas C. and Cornell, C. A., “Probabilistic Seismic Hazard Analysis: A Beginner's Guide”, to appear in
Earthquake Spectra, 2001.
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Cornell, C.A., Jalayer, F, Hamburger, R.O. and Foutch, D.A., “The Probabilistic Basis for the 2000 SAC/FEMA Steel
Moment Frame Guidelines”, accepted for publication, ASCE Structural Journal for publication in 2001.

Yun, S-Y., Hamburger, R. O., Cornell, C. A., and Foutch, D. A., “Seismic Performance for Steel Moment Frames”,
accepted for publication, ASCE Structural Journal for publication in 2001

Vamvatsikos, D. and Cornell, C. A., “Incremental Dynamic Analysis”, accepted for publication, March, 2002,
Structural Dynamics and Earthquake Engineering, 2001.

Luco, N. and Comell, C. A., “Structure-Specific Scalar Intensity Measures for Near-Source and Ordinary Earthquake
Ground Motions”, Earthquake Spectra, Submitted, 2001.

Banon, H.,, C. A. Cornell, C. B. Crouse, P. W. Marshall, and A. H. Younan, “ISO Seismic Guidelines for Offshore
Platforms”, accepted for publication, Journal of OMAE, ASME, 2001.

Hamburger, R. O., Foutch, D. A., and Cornell, C. A., “Translating Research to Practice: FEMA/SAC Performance-
based Design Procedures”, submitted to EERI, for special publication on SAC/FEMA Guidelines, September, 2001.

Conference Proceedings and Book Chapters:

Cornell, C. A., Benjamin, J. R., and Gabrielsen, B. L., “A Stochastic Model of the Creep Deflection of Reinforced
Concrete Beams”, Proceedings of International Symposium in the Flexural Mechanics of Reinforced Concrete,
Miami, Florida, November, 1964.

Comell, C. A., Reinschmidt, K. F., and Brotchie, J. R., “A Method of Structural Optimization”, Proceedings of
International Symposium on the Use of Computers in Structural Engineering, University Newcastle, England,
February, 1966.

Cornell, C. A. and Vanmarcke, E. H., “The Major Influences on Seismic Risk”, Proceedings of the Fourth World
Conference on Earthquake Engineering, Santiago, Chile, January, 1969.

Rascon, O. A. and Cornell, C. A, “A Physically Based Model to Simulate Strong Motion Earthquake Records on Firm
Ground”, Proceedings of the Fourth World Conference on Earthquake Engineering, Santiago, Chile, January,
1969.

Cornel], C. A., “Bayesian Statistical Decision Theory and Reliability-Based Design", Proceedings of International
Conference on Structural Safety and Reliability of Engineering Structures, Washington, D. C., April, 1969.
Published in Structural Safety and Reliability, ed. by A. Freudenthal, Pergamon Press, New York, 1972.

Cornell, C. A, “Structural Safety Specifications Based on Second-Moment Reliability Analysis”, Final Report, IABSE
Symposium on Concepts of Safety of Structures and Methods of Design, London, England, September, 1969.

Cornell, C. A., “A First-Order Reliability Theory for Structural Design”, Structural Reliability and Codified Design,
ed. by N. C. Lind, S. M. Study No. 3, University of Waterloo, Canada, 1970.

Comnell, C. A., “Design Seismic Inputs”, Seismic Design for Nuclear Power Plants, ed. by R. J. Hansen, MIT Press,
Cambridge, Massachusetts, 1970.
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Cormnell, C. A., “Implementing Probability-Based Structural Codes", American Concrete Institute, Special Publication
S§P31-4, March, 1971.

Cornell, C. A., “Probabilistic Analysis of Damage to Structures Under Seismic Loads", Chapter 27 of Dynamic Waves
in Civil Engineering, ed. by D. A. Howells, et al., John Wiley & Sons, Ltd., London, England, 1971.

Cornell, C. A. “First-Order Uncertainty Analysis of Soil Deformation and Stability”, Statistics and Probability in Civil
Engineering, ed. by Peter Lumb, Hong Kong University Press, Hong Kong, 1971.

Vanmarcke, E. H. and Cornell, C. A., “Seismic Risk and Design Response Spectra”, Proceedings of the ASCE
Conference on the Safety and Reliability of Metal Structures, Pittsburgh, Pennsylvania, November, 1972.

Cornell, C. A. and Rokach, A. J., “Statistical Strength Analysis and Steel Columns”, Proceedings of the ASCE
Conference on the Safety and Reliability of Metal Structures, Pittsburgh, Pennsylvania, November, 1972.

Cornell, C. A., “First-Order Analysis of Model and Parameter Uncertainty”, Proceedings of the International
Symposium on Uncertainties in Hydrologic and Water Resource Systems, University of Arizona, Tucson,
Arizona, December, 1972 (invited lecture).

Comell, C. A., “Second-Moment Structural Code Formats”, Invited Paper, Proceedings of 50th Anniversary Symposium,
Deutscher Betonverein, Berlin, Germany, May, 1973.

Vanmarcke, E. H.,, Comnell, C. A., Whitman, R. V., and Reed, J. W., “ Methodology for Optimum Seismic Design”,
Proceedings of the Fifth World Conference on Earthquake Engineering, Rome, Italy, June, 1973.

Merz, H. A. and Comnell, C. A., “Aftershocks in Engineering Seismic Risk Analysis”, Proceedings of the Fifth World
Conference on Earthquake Engineering, Rome, Italy, June, 1973.

Cornell, C. A., “Decision Analysis for Seismic Design”, Proceedings of Joint United States-Japan Seminar on
Earthquake Engineering, Berkeley, California, September, 1973.

Cornell, C. A., “Statistics of Tall Building Damage During the 1971 San Fernando Earthquake”, Proceedings of Joint
United States-Japan Seminar on Earthquake Engineering, Berkeley, California, September, 1973.

Cornell, C. A, “Characterization of Hazards”, Proceedings of Designing to Survive Disaster Conference, lllinois
Institute of Technology, Chicago, Illinois, November, 1973.

Whitman, R. V., Cornell, C. A,, and Taleb-Agha, G., “Analysis of Earthquake Risk for Lifeline Systems”, Proceedings
of U.S. National Conference on Earthquake Engineering, Ann Arbor, Michigan, 1975.

Comell, C. A, and Vanmarcke, E. H., “Seismic Risk Analysis for Offshore Structures”, Proceedings of Offshore
Technology Conference, Dallas, Texas, May, 1975, Paper # OT2350.

Cornell, C. A, et al., “A Project on Structural Loadings”, Proceedings of Second U.S. National Conference on Wind
Engineering Research, Wind Engineering Research Council, Colorado State University, Fort Collins,
Colorado, June, 1975.

Cornell, C. A., “Summary Report on Structural Design Parameters”, Proceedings of Second International Conference

on Applications of Statistics and Probability to Soil and Structural Engineering, ICOSSAR, Aachen, West
Germany, September, 1975.
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Whitman, R. V. and Cornell, C. A., “Design”, Chapter 9, Seismic Risk and Engineering Analysis, Rosenblueth, E. and
Lomnitz, C., eds.; Elsevier Press, Amsterdam, The Netherlands, 1976.

Comell, C. A, “Theme 2 Summary Report: Ground Motion, Seismicity, Seismic Risk and Zoning", Proceedings of
the Sixth World Conference on Earthquake Engineering, New Delhi, India, January, 1977.

Cornell, C. A., “Optimization: The Only Rational Way or Only a Rationalistic Way?", Proceedings of the Sixth World
Conference on Earthquake Engineering, Contribution to a Panel on Design and Engineering Decisions, New
Delhi, India, January, 1977.

Fardis, M. N., Comell, C. A., and Meyer, J. E., “A Probabilistic Seismic Analysis of Containment Liner Integrity”,
Proceedings of the Fourth International Conference on Structural Mechanics in Reactor Technology, Vol.
K(a), paper 4/16, San Francisco, California, August, 1977.

Comell, C. A. and Larrabee, R. D., “Representation of Loads for Code Purposes”, Proceedings of the Second
International Conference on Structural Safety and Reliability (ICOSSAR '77), Munich, Federal Republic of
Germany, September, 1977.

Cornell, C. A., and Newmark, N. M., “On the Seismic Reliability of Nuclear Power Plants”, Invited Paper, Proceedings
of ANS Topical Meeting on Probabilistic Reactor Safety, Newport Beach, California, May 8-10, 1978.

Larrabee, R. D. and Cornell, C. A., “A Combination Procedure for a Wide Class of Loading Processes”, Proceedings
of the ASCE Specialty Conference on Probabilistic Mechanics and Structural Reliability, Tucson, Arizona,
January, 1979.

Madsen, H., Kilcup, R., and Cornell, C. A., “Mean Upcrossing Rate for Sums of Pulse-Type Stochastic Load
Processes”, Proceedings of the ASCE Specialty Conference on Probabilistic Mechanics and Structural
Reliability, Tucson, Arizona, January, 1979.

Askins, R. C. and Comell, C. A., “SHA-Based Attenuation Model Parameter Estimation”, Proceedings of the U.S.
National Conference on Earthquake Engineering, Stanford, California, August, 1979.

Comell, C. A., “Probabilistic Seismic Hazard Analysis: A 1980 Assessment", Proceedings of U.S. - Yugoslavia
Earthquake Engineering Research Seminar, Skopje, Yugoslavia, June 30 - July 3, 1980.

Savy, J. B. and Comell, C. A., “A Theoretical Earthquake Model to Complement Empirical Studies of Strong Ground
Motion Attenuation”, Proceedings of the 7th World Conference on Earthquake Engineering, Istanbul, Turkey
September 8-13, 1980.

Comell, C. A., “Structural Safety: Some Historical Evidence that it is a Healthy Adolescent”. Invited keynote lecture,
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The design and evaluation criteria presented herein control the level of conservatism
introduced in the design/evaluation process such that earthquake, wind, and flood hazards are
treated on a consistent basis. These criteria also employ a graded approach to ensure that the
level of conservatism and rigor in design/evaluation is appropriate for facility characteristics
such as importance, hazards 10 people on and off site, and threat to the environment. For each
natural phenomena hazard covered, these criteria consist of the following:

1. Performance Categories and target performance goals as specified in the DOE
Order 420.1 NPH Implementation Guide, angd DOE-STD-1021.

2. Specified probability levels from which natural phenomena hazard loading on
structures, equipment, and systems is developed. -

3. Design and evaluation procedures to evajuate response to NPH loads and
criteria to assess whéther or not computed response is permissible. -
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Chapter 1
Introduction

1.1  Overview of DOE Natural Phenomena Hazards Order,
Standards, and Guidance

Itis the policy of the Department of Energy (DOE) to design, construct, and operate
DOE facilities so that wbrkers, the general public, and the environment are protected from the
impacts of natural phenomena hazards on DOE facikties. DOE Order 420.1, “Facility Safety”
(Ref. 1-1) and the associated implementation Guides, "iImptementation Guide for the Mitigation
of Natural Phenomena Hazards for DOE Nuclear Facilities and Non-nuclear Facilities” (Ref. 1-
2), “Implementation Guide for Nonreactor Nuclear Safety Design Criteria and Explosives Safety
Criteria™ (Ref. 1-3), and “Implementation Guide for use with DOE Orders 420 and 470 Fire
Safety Program” (Ref. 1-4) identify the responsibilities and requirements 10 execute this policy in
a consistent manner throughout DCE which includes: (1) providing safe work places; (2)
protecting against property loss and damageﬁ (3) maintaining operation of essential facilities;
and (4) protecting against exposure to hazardous materials during and after occurrences of
natural phenomena hazards. There is an established hierarchy In the set of documents that
specify NPH requirements. In this hierarchy, DOE Order 420.1 is the highest authority. The
next set of controlling documents are the associated Impiementation Guides followed by the set
of NPH standards. The NPH requirements have been developed to provide the necessary
information that assess the NPH safety basis for DOE facilities, which is documented in Satety
Analysis Reports (SARg), if available. DOE 548023 (Ref. 1-5) and the guidance provided in the
assodated Standard, DOE-STD-3009-84 (Ref. 1-6) prescribed the use of a graded approach for
the effort expended in safety analysis and the level of detail presented in associated
documentation. DOE NPH mitigation requirements are also consistent with the National
Earthquake Hazards Reduction Program and Executive Orders 12699 (Ref. 1-7) and 12941
(Ref. 1-8).

The overail approach for NPH mitigation shall be consistent with the graded approach
embodied in the SAR. The application of NPH design requirements to structures, systems, and
cornponents (SSCs) shail be based on the life-safety or the safety classifications far the SSCs
as established by safety analysis. The application of the most rigorous design requirements
should be limited to those SSCs classified by safety analysis as Safety-Class or Safety-
Significant consistent with DOE-STD-3009-84. Although DOE-STD-3008-94 is specifically
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applicable to non-reactor nuclear facilities, it is DOE's intention to apply DOE-STD-3009-94
defirutions for “Satety-Class” and "Safety-Significant” to all nuclear reactor and other hazardous
facilities, and this broader approach is applied here. Mission imporlance and economic
considerations should also be used to categorize SSGs which require NPH design. Once the
SSCs have been classified, DOE Order 420.1 and the associated implementation Guides
specifies the NPH requirements to ensure that the SSCs are adequately designed to resist
NPH. The NPH requirements utilize a graded approach in order to provide a reascnabile level of
NPH protection for the wide variety of DOE faciiities. A graded approach is one in which vatious
levels of NPH design, evaluation and construction requirements of varying conservatism and
rigor are established renging from common practice for conventional facilities to practices used
for more hazardous critical {acilities.

Five DOE Siandards have been developed to provide specific acceptance criteria for
various aspects of NPH to meet the requirements of DOE Order 420.1 and the associated
implementation Guides. These requirements should be used in conjunction with the NPH
Implementation Guide and other pettinent documents which provide more detalled methods on
specific NPH design and evaluation subjects such as DOE guidance documents, consensus
national starndards, model bukding codes, and Industry accepted codes and specifications.
Figure 1-1 presents a conceptual NPH design framework which Identifies how the DOE NPH
standards are used to assess NPH design requirements.

The following national consensus codes and standards have been referred to in this
standard:

ACl 318 —  Bulkding Code Requirements for Reinforced Coricrete
ACI 349 —  Code Requirements for Nuclear Zafety-Related Concrete
Structures
AISCNE9C —~—  Nuclear Facilities - Steel Safety Related Structures for Design,
~ Fabrication, and Erection
AISC (LRFD) —  Manual of Steel Construction, Load & Resistance Factor Design
AISC(ASD) -— .Manual of Steel Construction, Allowable Stress Design
ASCE 4 —  Seismic Analysis of Safety-Related Nudlear Structures
ASCE7. —_  Minimum Design Loads for Buildings and Other Structures
ASME —  Boiler and Pressure Vessel Code
- ATC-14 —  Evaluating the Seismic Resistance of Existing Buildings
ATC-22 — A Handbeok for Seismic Evaluation of Existing Buildings
\EEE 344 —  |EEE Recommended Practice for Seismic Qualification of Class IE
Equipment for Nuclear Power Generating Stations
usC —  Uniform Building Code
1-2
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NBC —
SBC —_
FEMA 222A —
ICSSCRP3 —
ICSSCRP4 —

ICSSCRPS —

DOE-STD-1020-94

Naticnal Building Code

Standard Building Code

NEHRP Recommended Provisions for the Development of
Selsmic Regulations for New Buildings

Guidelines for ldentification and Mitigation of Seismically
Hazardous of Existing Federal Buildings

Standards of Seismic Safety for Existing Federally Owned or
Leased Buildings

ICSSC Guidance on Implementing Executive Order 12941 on
Seismic Safety af Existing Federally Owned or Leased Buildings

Figure 1-1
Natural Phenomena Design Input
Conceptual Framework

DOE ORDER 543023 DOE ORDER 420.1 &
PROCESS NPH IMPLEMENTATION

GUIDE PROCESS

DOE-STD-1027 Fadlity SAR NHP Hazard DOE-STD-1022
(if availabie) Churacterizaton

¢

'

DOE-STD-3009 Potential NPH Design Input DOE-STD-1023
Accident

&
{Scumarios) l . DOE-STD-1024

i

NPH Performance
Categorization of SSCs DOE-STD-1021

SSCs Identified ——

TN

Life Safety Safety Safety
(All Facilides) Significant Class

(Nuclear and Hazardous/Facilities)| NPH Design Criteria DOE-STD-1020

'

FACILITY NPH SAFETY DOCUMENTED AS PART OF SAR

1-3
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The NPH implementation Guide of DOE Order 420.1 has established Performance
Caiegories and target probabilistic petformance goals for each category. Performance goals
are expressed as the mean annual probability of exceedance of aéeeptable behavior limits ot
structures and equipment due to the effects of natural phenomena. Five Performance
Categories (PC) have besn estabiished in the NPH implementation Guide of DOE Order 420.1.
Performance Categories and performance goals range from those for conventional buildings to
those for facilities with hazardous materials for operations, The selection of NPH Performance
Categories for SSCs Is dependent on several tactors including the overall risk of facility
operation and the assigned function 1o the SSC. An SSC's safety classification is based on its
function in accident prevention or mitigation as determined by safety analysis. The safety
classification should be applied to specific SSCs on a case-by-case basis and need not apply lo
an entire facility. Experience to date has demonstrated that only a few nuclear facilities are
likely to contain Safety-Class SSCs. This indicates that most SECs in nuciear.facilities should
be assigred to NPH Performance Category 3 and lower. DOE is revisiting the approach used to
assign NPH Performance Categories, and Is itkely to develop a direct link between NPH
Performance Categories and accident dose (raciiological or toxicological) criteria. Once this is
completed, DOE-STD-1021 will be revised as necessary. The use of NPH Performance
Category 4 shoukd be reserved for those facilities whose accident dose potential is similar to
that of commercial nuclear reaciors. ' |

1.2 Overview of the NPH Design and Evaluation Criteria

This natural phenomena hazard standard (DOE-STD-1020), developed from UCRL-
15910 (Ref. 1-9), provides criteria for design of new structures, systems, and components
{SSCs) and for evaluation, modification, or upgrade of existing SSCs so that Department of
Energy (DOE) facilities safely withstand the effecis of natural phenomena hazards (NPHs) such
as earthquakes, extreme winds, and ficoding. DOE-STD-1020 provides consistent criteria for
all DOE sites across the United States. These criteria are provided as the means of
implementing DOE Order 420.1 and the associated implementation Guides, and Executive
Orders 12699 and 12041 for earthquakes. '

The design and evaluation criteria presented in this document provide relativety
straightforward procedures to evaluate, modify, or upgt:-_x_de existing facilities or to desigh new
tacilities for the eflects of NPHs. The intent is to control the level of conservatism in the

14
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design/evaluation process such that: (1) the hazards are treated consistentiy; and (2) tiwe level
of conservatism is appropriate for structure, system, and component (SSC) characteristics
related 1o safety, environmental protection, importance, and cost. The requirements for each
hazard are presented in subsequent chapters. Terminology, guidelines, and commentary
material are included in appendices which follow the requirement chapters.

Prior to epplying these criteria, SSCs will have been placed in one of five Performance
Categories rangirg from PC-0 to PC-4. No special considerations for NPH are needed for
PC-0; therefore, no guidance is provided. Different criteria are provided for the remaining four
Performance Categories, each with a specified performance goal. Design and evaluation
criteria aimed at target probabilistic performance goals require probabilistic natural phenomena
hazard assessments, NPH loads are deveioped from such assessments by specifying natural
phenomena hazard mean annual probabilities of exceedance. Ferformance goals may then be
achieved by using the resulting loads combined with deterministic design and evaluatior: )
procedures that provide a consistent and approgpriate level of conservatism. Design/Evaluation
procedures conform closely to industry practices using national consensus codes and standards
so that the procedures will be easily understood by most engineers. Structures, systems, and
components comprising a DOE fadility are to be assigned to a Performance Category utilizing
the approach described in the DOE performance categorization standard (Ref. 1-10). These
design and evaluation criteria (DOE-STD-1020) are the specific provisions to be followed such
that the performance goal associated with the Performence Category of the S8C under
consideration Is achieved. For each category, the criteria include the following steps:

1.  NPH loads are determined at specified NPH probabilities as per DOE-
STD-1023 (Ref. 1-11).

2. Daesign and evaluation procedures are used to evaluate SSC response to
NPH foads.

3. Criteria are used to assess whether or not computed response in
combination with other design loads is permissible.

4, Design detailing provisions are implemented so that the expected
performance during a potential NPH occurrence will be achieved.

5. Quality assurance and peer review are applied using a graded approach.

For each Performance Category, target performance goals are provided in the NPH
implementation Guide of DOE Order 420.1 in terms of mean annuai probability of exceedance
of acceptable behavior limits. In Item 1, the annual probability of exceedance of an NPH
parameter such as ground acceleration, wind speed, or water elevation is specified. The level
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of conservatism in ltems 2, 3, 4, and 5 above is controlied such that sufficient risk reduction
from the specified NPH probability is achieved so that the target performance goal probability is
met. DOE-STD-1020 provides an integrated approach combining definition of loading due to
natural phenomena hazards, response evaluation methods, acceptance criteria, and design
detailing requirements.

_ Pertormance goals and NPH levels are expressed in probabitistic terms; design and
evaluation procedures are presented deterministically. Design/evaluation procedures specified
in this document conform closely to common standard practices so that most engineers will
readily understand them. The intended audience for these criteria is the civi/structurai or
mechanical engineer conducting the design or evaluation of facilities. These NPH design and
evaluation criteria do not preciude the use of probabilistic or altemative design or evaluation -
approaches it these approaches meet the specified performance goals.

1.3 Evaluation of Existing Facilities

Evaluations of existing SSCs must follow or, at least, be measured againsi the NPH
criteria provided in this document. For SSCs not meeting these criteria and which cannot be
easily remedied, budgets and schedule for required strengthening mus! be establishedona -
prioritized basis, A beck-fit analysis should be conducted. Prioritization criteria for evaluation
and upgrade of existing DOE facilities are currently being developed. Priorities should be
established on the basis of Performance Category, cost of strengthening, and margin between
as-is SSC capacity and the capacity required by the criteria. For SSCs which are close to
meeting criteria, it is probably not cost effective to strengthen the SSC in order to obtain a small
reduction in risk, As a result, some reliet In the criteria is allowed for evaiuation of existing
S8Cs. 1tis permissible to perform such evaluations using natural phenomena hazard
exceedance probability of twice the value specified for new design. For example, if the natural
phenomena hazard annual probability of exceedance for the SSC under consideration was
104, it would be acceptable to reconsider the SSC at hazard annual probabikity of exceedance
of 2x164. This would have the effect of slightly reducing the selsmic, wind, and fiood loads in
the SSC evaluation by about 10% to 20%. This amount of relief is within the tolerance of
meating the target performance goals and is only a minor adjustment of the corresponding NPH
design and evaluation criteria. In addition, it is consistent with the intent of the Federa! Program
(Ret. 1-8) being developed by the Interagency Committee on Selsmic Safety in Construction.
The Implementation Gulde provides guidance for facilities with a remaining service life of less
than 5 years. ' |
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1.4 Quality Assurance and Peer Review

All DOE structures, systems, and components must be designed or evaluated utilizing a
formal quality assurance plan as required by 10 CFR 830.120 (Ref. 1-12). The QA and peer
review should be conducted within the framework of a graded approach with ncreasing level of
rigot employed from Performance Category 1 to 4. Specific details about a tormal quality
assurance plan tor NPH design and evaluation should be similar to the seismic plan described
in the Commentary, Appendix C. The major features of a thorough quality assurance plan for
design or evaluation for natural phenomena hazards are described below.

In general, it is good practice for a formal quality assurance plan to include the foliowing
requirements. On the design drawings or evaluation caiculations, the engineer must describe
the NPH dasign basis including (1) description of the system resisting NPH effects and (2)
definition of the NPH loading used for the design or evaluation. Design or evaluation
calkculations should be checked for numerical accuracy and for theory and assumptions. For
new construction; the engineer should specify a program lo test materials and inspect
construction. tn addition, the enginaer should review all festing and inspection reponts and visit
the site periodically to observe compliance with plans and specifications.

For Performance Categories 2, 3, and 4, NPH desigi or evaluation must include
independent peer review. The peer review is to be performed by independent, qualitied
" personnel. The peer reviewer must not have been invoived in the original design or evaluation.
If the peer reviewer s from the same company/organization as the designer/evaluator, he must
not be part of the same program where he couid be influenced by cost and schedtile
consideration. Individuals performing peer reviews must be degreed civi/mechanical engineers
with § or more years of experience in NPH evaluation.

For more information conceming the implementation of a formal engineering quality
assurance program and peer review, Chapter 19 of Reference 1-9 should be consuited. This
reference shouid also be consulted for information on a construction quality assurance program
consistent with the implementation of the engineering quality assurance program.
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Chapter 2 :
Earthquake Design and Evaluation Criteri

2.1 Introduction

Tnis chapter describes requirements for the design or evaluation of ali classes of
structures, systems, and components (SSCs) comprising DOE facilities for earthquake ground
shaking. These classas of SSCs include safety class and safety significant SSCs per DOE-
STD-3009-94 (ref. 1-6) and life-safety SSCs per Uniformed Building Codes. This material deals
with how to estabiish Desigr/Evaluation Basis Earthquake (DBE) loads on various classes of
SSCs; how to evaluate the response of SSCs to these loads; and how to determine whether

. that response is acceptable. This chapter also covers the importance of design details and
quality assurance to earthquake safety. These earthquake design and evaluation provisions are
equally applicable to buildings and to items contained within the building, such as equipment
and distribution systemns. These provisions are intended to cover all classes of SSCs for both
new construction and existing facitities. These design and evaluation criteria have been -
deveioped such that the target performance goals of the NPH Implementation Guide are
achieved. For more explanation see the Commentary (Appendix C) herein and the Basis
Document (Ret. 2-1).

2.2 General Approach for Seismic Design and Evaluation

This section presents the approach upon which the spedific seismic force and story drift
provisions for seismic design and evaluation of structures, systems, and components in each
Performance Category (as described in Section 2.3) is based. These provisions include the
following steps:

1.  Selection of earthquake loading
2. Evaluatior. of earthquake response
3

. Specification of seismic capacity and drift liruits, (acceptance criteria)
4.  Ductile detailing requirements

It is important to note that the above four elements taken together comprise seismic
design and evaluation criteria. Acceptable performance (j.e., achieving performance goals) can
oniy be reached by consistent specification of all design criteria elements as showr in
Figure 2-1. In order to achieve the target performance goals, these seismic design and
evaluation criteria specify seismic loading in probabilistic terms. The remaining elements of the
criteria (see Fig. 2-1) are deterministic design rules which are familiar to design engineers and

21
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which have a controlied level of conservatism, This level of coriservatism combined with the
specification of seismic loading, leads to perfonrnance goal achievement.

Detemninistic Procedure rforma
Based on Industty Cades M(;B:;l‘(’gonslste'gte
and Standards with DOE Safety
Policy)

Detailing
Requirements

Probabilistic
Basis
(with historic check)

Response .
Love!
l +
Response
t
+ \ ] |
Load

Reasonable Level Concervalism Added
of Hazard '

Permissible

Figure 2-1. DOE-STD-1020 Combines Vavious Sieps to Achieve Performance Goals

Criteria are provided for each of the four Performance Categories 1 to 4 as defined in the
NPH implementation Guide of DOE Order 420.1 and DOE-STD-1021 (Ref. 1-6). The criteria for
Performance Categories 1 and 2 are similar to those from model buitding ¢odes, with the
exception that DOE requirements specity a 1000 year retum period in the case of PC-2. Criteria
{for PC-3 are similar to those for Depariment of Defense Essential Facilitias (Ref. C-5) Tri-
Services Manual. Criteria for PC4 approach the provisions for commercial nuciear power
plants.

Seismic loading is defined in terms of a site-specified design response spectrum (the
Design/Evaluation Basis Earthquake, [DBE]). Either a site-specific dusign response spectrum
specifically developed for the site, or a generic design response spectrum that is appropriate or
conservative for the site may be used. Seismic hazard estimates are used to establish the DBE
per DOE-STD-1023 (REF. 2-22). '
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For each Performance Category, a mean annual exceedance probability for the DBE, Py
is specified from which the maximum ground acceteration (and/or velocity) may be determined
from probabilistic seismic hazard curves, see Table 2-1, Evaluating maximum ground
acceleration from a specified mean annuai probabllity of exceedance is illustrated in Figure 2-
2a. Earthquake input excitation to be used for design and evaluation by these provisions is
defined by a median ampiification smoothed and broadensd design/evaluation response
spectrum shape such as thatl shown in Figure 2-2b (from Ref. 2-2) anchorad to the maximum
ground acceleration andv/or velocity. Such spectra are determined in accordance with DOE-
STD-1023 (Ref. 2-22).

it shouid be understood that the spectra shown in Figure 2-2 or in-structure spectra
developed from them represent inertial sffects. They do not include differential support motions,
typically called seismic anchor motion (SAM), of structures, equipment, or distribution systemns
supported at two or more points. WhiloSAMnnotuaulympﬂcabbbbtmmnWt
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“Table 2-1 Seismic Performance Categories and Seismic Hazard Exceedance Levels

Performance Mean Seismic Hazard Retumn Period
Category Exceedance Levels, Py - '

0 V No Requirements

1 2x103 500yr

2 %10 1000yr

3 sx104 2000vr‘
(xtoS)! (1000y7)

4 1104 10.000:':
(2x10-4)! {5000yr)

' For sites such as LLNL, SNL-Livermore, SLAC, LBL, and ETEC, which are near tectonic piate boundaries.

Performance Category 2 and lower SSCs may be selsmically designed or evaluated
using the approaches specified in building code seismic provisions. However, tor Performance
Categoty 3 or higher, the seismic evaluation must be performed by a dynamic analysis
approach. A dynamic analysis approach requires that:

1.  The input to the SSC model be definad by sither a design response
spectrum, or a compatible time history input motion.

2. The important natural frequencies of the SSC be estimated, or the peak

of tho design tesponse spectrum be used as input. Muiti-mode effects

must be considered.

3. Theresutting seismic induced inertial forces be appropriately distributed

and a load path evaluation (see Section C.4.2) for structural adequacy be
periormed.

The words "dynamic analysis approach” are not meant to imply that complex dynamic
models must be used in the evaluation. Often equivalent static analysis models are sufficient if
the above listed three factors are incorporated. However, use of such simplified models for
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structures in Performance Category 3 or higher must be justified and approved by DOE. This
dynamic analysis approach should comply with the seismic response analysis provisions of
ASCE 4 (Ref. 2-3) except where specific exceptions are noted.

The maximum ground acceleration and ground response spectra determined in the
manner illustrated in Figure 2-2 are used in the appropriate terms of the UBC equation for base
shear. The maximum ground acceleration is also used in the UBC equation for seismic force on
equipment and non-structural components. Use of modem site-specific earthquake ground
motion data is considered to be preferable 1o the general seismic zonation maps from the UBC
and should be applied according to the guidance providad in DOE-STD-1023 (Ref. 2-22). For
structures, UBC provisions require a static or dynamic analysis approach in which loadings are
scaled to the basa shear equation value. In the base shear equation, inelastic energy
absorption capacity of structures is accounted for by the pémmeter, Rw. Elastically computed
seismic response is reduced by Ry values ranging from 4 to 12 as a means of accounting for
inelastic energy absorption capability in the UBC provisions and by these criteria for
Performance Category 2 and lower SSCs. This reduced seismic response is combined with
non-seismic concurrent loads and then compared to code allowable response limits (or code
ultimate limits combined with code specified load factors). The design detailing provisions from
the UBC, which provide ductility, toughness, and redundancy, are also required such that SSCs -
can fully achieve potential inelastic enargy absorption capability. Normally, relative seismic
anchor motion (SAM) is not considered explicitly by modet building code seismic provisions.
However, SAM should be considered for SSCs in FC-2 or higher categories.

The Uniform Bullding Code (UBC) has been followed for Performance Categories 1 and
2 because it is believed that more engineers are familiar with this code than other model
building codes. The Interagency Committee on Seismic Safety in Construction (ICSSC,
Ref. 2-4) has conciuded that the following seismic provisions are equivalent for a given DBE:

1994 Uniform Building Code (Ref. 2-5)

1991 NEHRP Recommended Provisicns (Ref. 2-6)
1993 BOCA National Building Code (Ref. 2-7)
1994 SBCCI Standard Building Code (Ref. 2-8)

calll I

These other model building codes may be follo\;ved provided site-specific ground motion
data is incorporated into the development of earthquake loading in a manner similar to that
descrnbed in this document for the UBC.,

For Performance Category 3 and 4 SSCs, these seismic design and evaluation criteria
specify that seismic evaluation be accomplished by dynamic analysis. The recommended
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approach is to perfonm an elastic response spectrum dynamic analysis to evaluate elastic |
seismic demand on SSCs. inelastic energy absorption capability is allowed by permitting limited
inelastic behavior. By these provisions, inelastic energy absomption capacity of structures is
accounted for by the parameter, Fj,. However, strength and ductile detsiling for the entire load
path should be assured. Elastically computed seismic response is reduced by F), values
ranging from 1 to 3 as a means of accounting for inelastic energy absorption capability. The
same F, values are specified for both Performance Categories ot 3 and 4. In order to achizve
the conservatism appropriate for the difterent Performance Categories, the reduced seismic
forces are muttiplied by a scale factor. Scale factors are specified for Performance Category 3
and 4. The resulting factored seismic forces are combined with non-seismic concurrent loads
and then compared to code ultimate response limits. The design detailing provisions trom the
UBC, which provide ductility, toughness, and redundancy, are also required-such that SSCs can
tully achieve potential inelastic energy absorption capability. Also, explicit consideration of
relative seismic anchor motion (SAM) effects is required for Performance Category 3 and
higher. :

~ The overall DOE Seismic Design and Evaluation Procedure is sivown in Figure 2-3. In_
addition to the general provieions described in this chapter, the topics discussed in Appendix C
should be considered before commencing dasign or evaluation.

23 Seismic Design and Evaluation of Stniclures, Systems, and
Components

. Select Performance Categories of stiuciure, system, or component based
on DOE-STD-1021 (Ref. 1-10).

. For sites witi; Performance Category 3 or 4 structures, systems, and
components, obtaln or develop-a seismic hazard curve and design response
~ spectra in accordance with DOE-STD-1023 (Ret. 2-22) for all performance
categories based on site characterization discussed in DOE-STD-1022 (Ref.
~ 1-15). In the interim, Eastem U.S. sites may use DOE-STD-1024. (Ret. 2-23)
. Establish design basis earthquake from Py, (see Table 2-1) mean seismic
hazard curve, and median responce specira.

For sites with only PC-1 or 2 SSC, and no site-specific seismic hazard
curve, abtain seismic coefficients from model building codes.
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Minimum values of peak ground acceleration (PGA) shall be:

0.06g for Performarice Category 3
0.10g for Performance Categoty 4

2.3.1 Performance Category 1 and 2 Structures, Systemé, and
Components.

Seismic design or evaluation of Performance Category 2 and lower SSCs is based on
model building code seismic provisions. In these criteria, the current version of the Uniform
Building Code shall be followed. Alternatively, the oiher equivalent mode! building codes may
be used. All UBC seismic provisions shall be followed for Performance Category 2 and lower
SSCs (with modifications as described below).’

In the UBC provisions, beginning with the 1988 edition, the lateral force represenling the
earthquake loading on buildings is expressed in terms of the total base shear, V, given by the
following equation:

ZICW

B3 e mtm—— ) -
v Ay, (-1}
where: z = a seismic zone factor equivalent 1o peak ground acceleration,
1 = a factor accounting for the imporiance of the facility,
C = a spectral amplification factor,
w = the total weight of the facility,
Rw = a reduction factor o account for energy absorption capability of

the facility which resuits in element forces which represent
inelastic selsmic demand, Dg)
The steps in the procsdure for PC-1 and 2 SSCs are as follows:

. Evaluate element forces for non-seismic loads, Dyg, expected to be acting
conhcurrently with an earthquake.

. Evaluate element torces, Dg), for earthquake loads.

a. Static force method, where V is applied as a load distributed over the
height of the structure for regular facilities, or dynamic force method for
ireguiar facifities as described in the UBC.

b. Ineither case, the total base shear is given by Equation 2-1 where the
parameters are evaluated as follows:

1. Zis the peak ground acceleration from site-specific seismic hazard
curves at the following exceedance probabilities if available:
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Performance Category 1 - 2x10-2
Category 2 - 1x103

Qtherwise, Z is obtained using UBC and adjusted per the procedures
provided in DOE-STC-1023.

2. Cis the spectral amplification at the fundamental period of the facility
from the S percent damped median site response spectra. For

fundamental periods lower than the period at which the maximum
spectral acceleration occurs, ZC should be taken as the maximum

spectral acceleration. See Fig. 24 below:

For Building Reaponse Evgluation, the
Maximum Spectral Acceleration is Used
in the Low Period Ragion for ZC

0.78

Actugl Spectrum in Low Period Region

0.5¢

Spaciral Acceleration (g)

0.25(
o e - b A S
Q c.5 1 1.5 2 2.5 3

Period (seconds)

Figure 2-4. Exampie Design/Evaluation Earth:nuake Ground Motion Rssponse Spectrum

2
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For systems and components, spectral ampiification is
accounted for by Cp in the UBC equipment force equation as
discussed in Section 2.4.1.

3. it a recent site-specific seismic hazard assessment is not
available, it is acceptable to determine ZC from Table C-5
values and appropriate response spectra, For eastern U.S,
sites DOE -STD-1024 provides guidance. If ZC, determined
from a recent site-specific assessment is iess than that given
by UBC provisions, any significant differences with UBC must
be justified. Final earthquake loads are subject to approval
by DOE. '

4, importance factor, 1, should be taken as:
’ Performance Category 1,1= 1.0
Performance Category 2,1 = 1.25
5. For structures, reduction factors, Ry, are shown in Table 2-2.

For systems and components, the reduction factor is impficitly
included in Cp. '

Combine responses from various loadings (Dns and Dg)) to evaluate
demand, Dy, by code spedified load combination rules (e.g., load factors for
ullimate strengthi dasign or unit load factors for allowable stress design).

Evaluate capacities of SSCs, Cg, from code ultimate values when strength
desigh is used (e.g., UBC Chapter 19 for reintorced concrete or LRFD for
steel) or from allowable stress levels {with one-third increase) when
allowable stress design is used. Minimum specified or 95% non-
exceedance in-situ values for material strengths should be used for capacity
estimation.

Compare demand, Dy, with capacity, Gg, for all SSCs. If D) is less than
or equal to Cg, the facility satisfies the seismic force requirements. If Dy is
greater than Cg, the facility has inadequate seismic resistance.
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Table 2-2. Code Redustion Coefficlents, Ry

Structural System Ry
{Terminclogy is identical to the UBC)
MOMENT RESISTING FRAME SYSTEMS - Beams
Sleei Special Moment Resisting Frame (SMRF) 2
Concrete SMRF 2
Concrete Intermediate Moment Frame {IMRF) 8
Slee! Ordinary Moment Resting Frame 6
Concrete Ordinary Moment Resisting Frame 5
SHEAR WALLS
Concrete or Masonry Walls B(B)
Plywood Walts 9{8)
Dual System, Concrete with SMRF 12
Dual System, Concrate with Concrete IMRF 9
Dual System, Masonry with SMRF 8
Dual System, Masoiry with Concrete IMRF 7
STEEL ECCENTRIC BRACED FRAMES (EBF)
Beams and Diagonal Braces 10
Beams and Diagonal Braces, Dual System with Steel SMRF 12
CONCENTRIC BRACED FRAMES
Steel Beams 6
Steel Diagonal Braces . 8(6)
Concrete Beams 8(4)
Concrete Diagonal Braces 8(4)
Wood Trusses ‘ 8(4)
Beams and Diagonal Braces, Dual Systems
Stee} with Steel SMAF 10
Conctete with Concrete SMAF 9
Concrete with Concrate IMRF 6

Note:  Vaiues herein assume good seismic detailing practice per the UBC along with reasonably uniform inslastic
behavior. Otherwise lower values shouki be used.

Values in parentheses apply ta bearing wail sysiems or systems in which bracing carries gravity loads,

. Evaluate story drifts ({.e., the displacement of one level of the structure
reiative to the level above or below due to the design seismic torces),
including both translation and torsion. Calculated story drifts should not

xceed 0.04/Ryy times the story height nor 0.005 times the story height for

buildings with a fundamental period less than 0.7 seconds. For more flexible
buildings, the calculated story drift should not exceed 0.03/Ryy nor 0.004

times the story height. Note that these story drifts are calculated from
seisimic loads reduced by Ryy in accordance with Equation 2-1; actual dritt

40548
2-14



DOE-STD-1020-94

can be estimated by muitiplying calculated drifts by 3 (Rw/8). Thesa drifts
limits may be exceeded when it is demonstrated that greater dritt can be
tolerated by both structural systems and non-structural elements.

»  Elemenis of the facility shall be checked to assure that all detaiiing
requirements of the UBC provisions are met. Tha basic UBC seismic
detailing provisions must be met|f Z is 0.11g or less. UBC Seismic Zone
No. 2 provisions shall be met when Z is between 0.12 and 0.24g. UBC
Seismic Zone Nos. 3 & 4 provisions shall be foliowed when Z is 0.25g or
more.

. A quality assurance program consistent with model building code
requirements shall be implemented for SSCs in Performance Categorias 1 .
and 2. In addition, peer review shall be conducted for Performance
Category 2 SSCs.

2.3.2 Performance Category 3and 4 Structures, Systems, and
Compaonents

The steps in the procedure {or PC-3 and 4 SSCs are as follows:

«  Evaluate element forces, Dyg, for the non-seismic loads expected to be
acting concurrently with an earthquake.

. Calculate the elastic seismic response to the DBE, Dg, using a dynamic
analysis approach and appropriale damping values from Table 2-3.
Response Level 3 is 1o be used only for justifying the adequacy of existing
S8Cs with adequate ductile detailing. Note that for evaiuation of systems
and components supported by the struclure, in-structure response spectra
are used. For PC-3 and PC-4 SSCs, the dynamic analysis must conslder 3
orthogaonal companents ol earthquake ground motion {two horizontal and
one vertical). Responses trom the various direction components shali be
combined in accordance with ASCE 4. Include, as appropriate, the
contribution from setsmic anchor motion. To determine response of SSCs
which use Fit > 1, note that for fundamental periods lower than the period at
which the maximum spectral amplification occurs, the maximum spectral
acceleration should be used. For higher modes, the actual spectral
accelerations should be used.
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Calculate the inelastic seismic demand element fcrces, Dg), as

Ds; = SF Ds (2-2)
Fu A
where: Fy = Inelastic energy absorption factor from Table 2-4 for the

appropriate structural system and elements having
adequate ductile detailing

SF = Scale factor related to Performance Category
= 1.25for PC-4
= 1.0forPC-3

Variable scale factors, based on the slope of sile-specific hazard curves, -
may be used as discussed in Appendix C to result in improved achievement
of performancs goals. SF is applied for avaluation of structures, systems,
and components. At this time, Fu values are not provided for systems and
components. It is recognized that many systems and components exhibit
ductile behavior for which Fu values greater than unity would be appropriate
(see Section C.4.4.2). Low Fp values in Tabie 2-4 are intentionally specified
to avoid brittle failure modes.

Evaluate the total inelastic-factored demand Dy as the sum of Dg) and Dxg
(the best-sstimate of all non-seismic demands expected to occur
concurrently with the DBE).

Evaluate capacities of elements, Cc, from code ultimate or vield values
Reinforced Concrete
Use UBC Chapter 19

Steel
Use UBC Chapter 22 Standards
-— LRFD provisions, or
—  Plastic Design piovislons, or
— Allowable Stress Design provision scaled by 1.4 for shear in
members and bolts and 1.7 for all other stresses.

Refer to References 2-8 and 2-10 for related industry standards. Note that
strength reduction tactors, ¢, are retained. Minimum specified or 35%

2-13
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nonexceedence in-situ values for material strengths should be used to
estimate capacities. - ' '

The seismic capacity is adequate when C¢ exceeds D, i.0.:
Cc 2DTi . (2-4)

Evaluate story drifts due to lateral forces, including both trarislation and
torsion. It may be assumed that inelastic drifts are adequately approximated
by elaslic analyses (note that lateral seismic forces are not reduced by Fa
when computing story drifts). Calculated story drifts should not exceed
0.010 times the story height for structures with contribution to distortion from
both shear and flextura. For structures in which shear distortion is the
primary contributer to drift, such as those with low rise shear walls or
concentric braced-frames, the calculated story drift should not exceed 0.004
times the story height. These drift limits may be axceedad when acceptable
performance of both the structure and nonstructural elements can be
demonsirated at greater drift.

Check elements to assure that good detailing practice has been followed
(e.9., see sect. C.4.4.2). Values of Fy, given in Table 2-4 are upper timit
values assuming good design detailing practice and consistency with recent
UBC provisions. Existing facilities may not be consistent with recent
provisions, and, if not, must be assigned reduced Fu. Basic UBC seismic
detailing provisions shall be followed if the PGA at PHis 0.11g or less. UBC
Seismic Zone No. 2 provisions should be met when the PGA at Py is
between 0.12 and 0.24g. UBC Seismic Zone Nos. 3 & 4 provisions should
be followed when the PGA at Py is 0.25g or more.

_implement peer review of engineering drawings and calculations (Including
proper applicaton of F,1 values), increased inspection and testing of new

construction or existing faclitties.
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2.3.3 Damping Values for Performance Category 3 and 4 Structures,
Systems, and Components

Damping values to be used in linear elastic analyses are presented in Table 2-3 at three
different response lavels as a function of D+/Cc¢.

Dy is the elastically computed total demand,
Dt =Dns +Dsg (2-5)
and C¢ is the code specified capacity.
When determining the input to subcomponents mounted on a supporting structure, the
damping value to be used in elastic response analyses of the supporting structure shall be

based on the response level reached in the majority of the seismic load resisting elements of
the supporting structure. This may require a second analysis.

In lieu of a second analysis to determine the actual response of the structure, Response
Level 1 damping values may be used for generation of in-structure spectra. Response Level 1
damping values must be used if stabitity considerations control the design.

When evaluating the structural adequacy of an existing SSC, Response Level 3
damping may be used in elastic responss analyses Independent of the state of response
actually reached, because such damping is expected to be reached prior to structural failure.

When evaluating a new SSC, damping is limited to Response Level 2. For evaluating the
structural adequacy of a new SSC, Response Level 2 damping may be used in elastic response
analyses independent of the state of response actually reached.

The appropriate response level can be estimated from the following:

Response Levei D+/Cc
i 21.0
2* =0.5%t0 1.0
1~ ) £0.5

*  Consideration of these damping leveis is require:d only in the generation of fioor or ampiified response
speactra to be used as input to subcomponeants mounted on the supporting structure. For analysis of
sinuclures inciuding soil-structure interaction effects (sec C.4.3), D+/Cq ratios for the best estimate case
shall be used o determnine response lovel.

**  Only 1o be used for jusﬁfying the adeguacy of existing SSCs with adequate ductile detaling.
However, functionality of SSCs in PC-3 and PC-4 must be given due consideration.

2-15
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Table 2-3 Specified Damping Values

Damping (% of critical)
Response ‘Response Response

Type of Component Lavel 1 Level 2 Level 3
Waelded and Iriction bolted metal structures 2 . 4 7
Bearing-boked metal structures ' 4 7 10
Prestressed concrete structures 2 5 7

{without complate loss of prestress)
Reinforced concrete structures s 7 10
Masonry shear walls 4 T 12
Wood structures with naited joints 5 10 15
Distribution systems™™* 3 s 5
Massive, low-stressed 2 3 _

(pumes, motors, etc.)
Light welded instrument racks 3 -
Eodrbd cabinets and other equipment 4 Lyl
Liquid containing metal tanks

Impuksive mode 2 3 4

Sioshing mode 05 05 0s

*  Should not be strassed to Response Level 3. Use damping for Response Level 2.

**  May be used for anchorage and structural {ailure modes which are accompaniad by at least some
inelastic response. Response Level 1 damping values should be used for functional failure modes
such as relay chatter ot relative displacement issues which may occur at a low cabinet stress level,

**  Cabis trays mare than one half full of loose cables may use 10% of critical damping.

216
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Table 24 Inslastic Energy Absorption Factors, Fp.

Stnuctural System F
| is identical to Rel. 2-5)
MOMENT RESISTING FRAME SYSTEMS - Beams
Steel Special Moment Resising Frame (SMRF) 3.0
Concrete SMRF ’ 275
Concrete Intermediate Moment Frame (IMRF) 1.5
Steel Ordinary Moment Resting Frame 18
Concrete Ordinary Moment Resisting Frama 1.25
SHEAR WALLS
Concrete or Masonry Walls
In-plane Flexure 1.76
in-plane Shear 1.5
Out-of-plane Flexure 1.78
Out-of plane Shear 1.0
Plywood Walls ’ 1.75
Dual System, Concrete with SMRF 28
Duel System, Concrete with Concrete IMRF 20
Duai System, Masonry with SMRF 1.6
Dual System, Masonry with Concrote IMRF 14
STEEL ECCENTRIC BRACED FRAMES (EBF)
Beams and Diagonal Braces 275
Bsams and Diagonal Braces, Dual System with Steel SMAF 3.0
CONCENTRIC BRACED FRAMES
Steol Boams 20
Steel Disgonal Braces 1.75
Concrete Beams 1.75
Concrete Diagenal Braces - 1.5
Wood Trussas 1.75
Beams and Diagonal Braces, Duat Systems
Steel with Steel SMRF 2.7
Concrete with Concrets SMRF 20
Concrete with Concrets IMRF 1.4
METAL LIQUID STORAGE TANKS
Momerd and Shear Capercity 1.25
_ Hoop Capacity 1.5
Note: 1. Values hersin assume good seismic detailing practice per Relerence 2-5, along with reascnably unilorm

Inelastic behavior. Otherwice, lower values shouid be used.

Fiu for columng for sil structursl systems is 1.5 for flexure and 1.0 for axial compression and shear, For
<columns sublected to combined axial compression and bending, interaction formuias shall be used.

Connections for stesl concentric braced frumes shouid be designed for at least the lesser of:
The tensile strength of the bracing.
The force in the brace commesponding to Fu of unity.
The maximum force that can be transtefred to the brace by the structural system.

Connectlions for steel momen {rames and eccentric braced frames and connections for concrete,
masonry, and wood structural systems should follow Reference 2-5 provisions utllizing the prescribed
seismic.loads from thesa criteria and the strength of the connecting members. In general, connections
should develop the strength of the connecting meinbers or be designed for member torces corresponding
to Fu of unity, whichever is less.

Fu for chevron, V. and K bracing is 1.5. K bracing requires special consideration for any building if Z is
0.25¢ or mare.
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2.4 Additional Requirements . ,
2.4.1 Equipment and Distribution Systems

For Performance Category 2 and lower systems and components, the design or
evaluation of equipment or non-structural elements supported within a structure may be based
on the total iateral seismic force, Fp, as given by the UBC provisions (Ref. 2-5). For.
Performance Category 3 and higher systems and components, seismic design or evaluation
shall be based on dynamic analysis, testing, or past earthquake and testing experience data. In
any case, equipment items and non-structural elements must be adequately anchored to their
supports unless it can be shown by dynamic analysis or by other conservative analysis and/or
test that the equipment will be able to perform all of its safety functions without interfering with
the safety lunctions of adjacent equipment. Anchorage must be verified for adequate strength
and sufficient stiffness. : '

Evaluation by Analysis

By the UBC provisions for PC-1 and 2, parts of the structures, permanent non-struciural
components, and equipment supported by a structure and their anchorages and required
bracing must be designed to rasist seismic forces. Such elements should be designed to resist
a total lateral seismic force, Fp, of:

where: p= the weight of e_lement or component

C:p = a horizontal force tactor as given by Table 16-O of the UBC for rigid

elements, or determined from the ciynamic properties of the eiemeni
and supporting structure for nonrigid elements (in the absence of
detailed analysis, the value of Cp for a nontigid element should be
taken as twice the value listed in Table 16-O, but need not exceed 2.0)

The lateral force determined using Equation 2-8 shall be distributed in proportion to the
mass distribution of the element or component. Forces detarmined from Equation 2-8 shall be
used for the design or evaluation of elements or components and their connections and
anchorage to the structure, and for members and connections that transfer the forces to the
seismic-resisting syétems. Forces shall be applied in the horizontal direction that results in the
most critical loadings for desigrvevaluation.

2-18

Fp = Z|pCpr (2-8)
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Note that DOE-STD-1020 takes cneo axception to the UBC provisions. By the UBC for
equipment located above grade, the value Cp for non-rigid or flexibly supported items Is twice
the value for rigid and rigidly supported equipment. However, by the UBC for equipment located
at or below grade, the value Cp for non-rigid or flexibly supported items is the same as the value
for rigid and rigidty supported equipment. By DOE-STD-1020 for equipment located at or below
grade, the value Cp for non-rigid or flexibly supported ltems (except tor piping, ducting or
conduit systems made of ductile materials and connections) is spedified to be twice the value tor
rigid and rigicty supported equipment. An alternative methodology is contained in the 1994
NEHRP Provisions (Ref. 2-24) which accounts for the dynamic properties of the equipment, the
iocation of the equipment within the primary structure, and the response of the primary
supporting structure.

For PC-3 and PC-4 subsystems and components, support excitation shall be
represented by means of floor response spectra (also commoniy called in-structure response
spectfa). Floor response spectra should be devaloped accounting for the expected response
level of the supporting structure even though inelastic behavior is permitted in the design of the
structure (see Section 2.3.3). It is important to account for uncertainty in the properties of the
equipment, supporting structure, and supporting media when using in-structure spectra which
typically have narrow peaks. For this purpose, the peak broadening or peak shifting techniques
outlined in ASCE 4 shall be employed.

Equipment or distribution systems that are supported at muitiple locations throughout a
structure could have different floor spectra for each support point, In such a case, it is
acceptable to use a single envelopa spectrum of all locations as the input to all supports to
cbtain the inertial loads. Alternatively, there are analytical techniques available for using
ditferent spectra at each support location or for using different input time histories at each
different support.

Seismic Anchor Motion

The seismic anchor motion (SAM) component for seismic response is usually obtained
by conventional static analysis pmcedureé. The resuttant compeonent of stress can be very
significant if the relative motions of the support points are quite different. If all supports of a
structural system supported at two or maore points have identical excitation, then this component
of seismic response does not exist. For multiply-supported components with different seismic
inputs, support displacements can be obtained either from the structural response calculations
of the supporting structure or from spectral displacement determined from the fioor response
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spectra. The effect of relative seismic anchor displacements shall be obtained by using the
worst combination of peak displacements or by proper representation of the relative phasing
characteristics associated with difterent support inputs. In performing an analysis of systems
with multiple supports, the response from the inertial loads shall be combined with the
resporises obtalned from the seismic anchor displacement analysis of the system by ihe SASS

rule [R:J (R-,,.,g,)z +(Rsm)2 J , where R = response parameter of interest.

Evaluation by Testing

Guidance for conducting testing is contained in IEEE 344 (Ref. 2-11). Input or demand
excitation for the tested equipment shall be based on the seismic hazard curves at the specified
annual probability for the Performance Category of the equipment (OBE provisions of Ref. 2-11
do not apply}). When equipment is qualified by shake table testing, the DBE input to the
equipment is defined by an elastic computed required-response-spectrum (RRS) abtained by
enveloping and smoothing (filling in valieys) the in-structure spectra computed at the support of
the equipment by linear elastic analyses. In order to meet the target perforrriance goals
established for the equipment, the Required Response Spectrum (RRS) must exceed the in-
Structure Spectra by: '

RAS 2 (1.1)(in-Structure Spectra) for PC-2 and lower

RRS 2 (1.4SF){In-structure Spectra}  for PC-3 and higher (2-6)

where SF is the seismic scale factor from Equation 2-2.

The Test Response Spectrum (TRS) of test table motions must envelop the RRS. it
equipment has been tested and shown to meet NRC requiremants, then it need not be
subjected to further testing.

Evaluation by Seismic Experience Data

For new design of systems and components, seismic qualification will ganerally ba
perfonmed by analysis or testing as discussed in the previous sections. However, for existing
systems and components, it is anticipated that many items will be judged adequate for seismic
loadings on the basis of seismic expetience data without analysis or testing. Selsmic experience
data has been developed in a usable format by ongoing research programs sponsored by the
nuclear power industry. The refurences for this work are the Senior Seismic Review and
Advisory Panel (SSRAP) report (Ref. 2-12) and the Generic Implementation Procedure (GIP) for
Seismic Verification of Nuclear Plant Equipment (Ref. 2-13), Note that there are numerous
restrictions ("caveats®) on the use of this data as described in the SSRAP report and the GIP. i
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is necessary to conduct either seismic analyses or shake table testing to demonstrate sufficient
seismic capacity for those items that cannot be verified by seismic experience data or for items
that are not Dbviously inherently rugged for seismic effects. There is an ongoing DOE program
on the application of experience data for the-evaluation of existing systems and components at
DOE facilities. Currently, use of experience data is permitted for existing facilities and for the
items specified in the two references, {Ref. 2-12) and (Ref. 2-13).

Anchorage and Supports

Adequate strength of equipment anchorage requires consideration of tension, shear, and
shaar-tension interaction load conditions. The strength of cast-in-place anchor boits and
undercut type expansion anchors shall be based on UBC Chapter 19 provisions (Ref. 2-5) for
Performance Category 2 and lower SSCs and on ACI 349 provisions (Ref. 2-14) for
Pertormance Category 3 and higher SSCs. For new design by AC1 349 provisions, it is
required that the concrete puliout failure capacity be greater than the steel cast-in-place bolt -
tensile strength to assure ductile behavior. For evaluation of existing cast-in-place anchor bolt
size and embedment depth, it is sufficient to demonstrate that the concrete pullout failure
capacity is greater than 1.5 times the seismic induced tensile load. For existing facility
evaluation, it may be possible to use relaxed tensile-shear interaction relations provided detalled
inspection and evaluation of the anchor bolt in accordance with Relerence 2-15 is performed.

The strength of expansion anchor bolts should generally be based on design allowable
strength vaiues available from standard manufacturers' recommendations or sources such as
site-specific tests or Referenca 2-15. Design-allowabls strength values typically include a factor
of satety of abcut 4 on the mean ultimate capacity of the anchorage. it is permissible to ulilize
strength values based on a lower factor of safety for evaluation of anchorage in existing
facilities, provided the detailed inspection and evaluation of anchors is performed in accordance
with Refsarencs 2-15. A factor of safety of 3 is appropriata for this situation. When anchorage is
modified or new andrdrage is designad, design-alicowable strength valuas including the factor of
salety of 4 shall be used. For strength considerations of welded anchorage, AISC allowable
values (Ref. 2-10) multiplied by 1.7 shalt be used. Where shear in the member govems the
connaction strength, capacity shall be determined by multiplying the AISC allowable shear
stress by 1.4,

Stitfness. of equipment anchorage shali also be considered. Flexibility of base
anchorage can be caused by the bending of anchorage components or equipment sheet metal.
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Excessive eccentricities in the load path between the equipment item and the anchor is a major
cause of base anchorage flexibility. Equipment base flexibility can allow excessive equipment
movement and reduce its naturat frequency, possibly increasing dynamic response. In addition,
flexibility can lead to high stresses in anchorage components and failure of the anchorage or
equipment shest metal.

2.4.2 Evaluation of Existing Facllities

It is anticipated that inese criteria would also be applied to evaluations of existing
facilities. General guidelines for the seismic evaluation of existing facilities are presented in
National institute of Standards and Technology documents (Refs. 2-16 and 2-17), a DOD
manual (Ref. 2-18), and in ATC-14, "Evaluating the Seismic Resistance of Existing Buildings"
(Ref. 2-19) and ATC-22, "A Handbook for Seismic Evatuation of Existing Bulldings® (Ref. 2-22),
In addition, guldelines for upgrading and shengthening equipment are presented in Reference
2-23. Also, guidance for evaluation of existing equipment by experience data is provided in
Reference 2-13. These documents should be referresi to for the overall procedure of evaluating
seismic adequacy of existing facilities, as well as for specific guidelines on upgrading and
retrofitting.

Once the as-is condition of a fadility has been verified and deficiencies or weak links
have been identified, detailed seismic evaluation and/or upgrading of the facility as necessary
can be undertaken. Obvious deficiencies that can be readily improved should be remedied as
soon as possible. Seismic evaluation for existing facilities would be similar to evaluations
performed for new designs except that a single as-is configuration is evaluated instead of
several configurations in an iterative manner (as Is often required in the design process).
Evaluations should be conducted In order of priority. Highest priarity should be given to those
areas identified as weak links by the preliminary investigation and to areas that are most
important to personnel satety and operations with hazardous materials. input from safety
personne! and/or accident anatyses shoukd be used as an aid in determining safety priorities.

The evaluation of existing facilities for natural phenomena hazards can resultin a
number of options based on the evaluation results. If the existing facility can be shown to meet
the design and evaluation criteria presented in Sections 2.3.1 or 2.3.2 and god selsmic design
practice had been employed, then the tacility would be judged to be adequats for potential
seismic hazards to which it might be subjected. If the facility does not meet the seismic
evaluation criteria of this chapter, a back-fit analysis should be conducted. Several altematives
can be considered:
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1.  tan existing SSC is close to meeting the criteria, a slight increase in the annual
risk to natural phenomena hazards can be ailowed within the tolerance of
meeting the targel performance goals (See Section 1.3). Note that reduced
critaria for seismic evaluation of existing SSCs Is supported in Relference 2-16.
As a resull, some retief in the criteria can be allowed by performing the
avaluation using hazard exceedance probability of twice the value recommended
in Table 2-1 for the Performance Calegory of the SSC being considered.

2.  The SSC may be strengthened such that its seismic resistance capacity is.
sufficientty increased t0 meet these seismic criteria. When upgrading is required
& shouid be designed for the criginal Performance Goal.

3. The usage of the facility may be changed such that it falls within a less
hazardous Performance Category and consequently less stringent seismic
requirements.

4. it may be possible to conduct the aspects of the seismic evaluation in a more
rigorous manner that removes conservatism such that the SSC may be shown to
be adequate. Akernatively, a probabilistic assessment might be undentaken in
order to demonstrate that the performance goals can be met.

Reguirements of Executive order 12941 (Ref. 1-6), as discussed in the implementation
Guide are to be implemunted.

2.4.3 Basic Intention of Dynamic Analysis Based Deterministic
Seismic Evaluation and Acceptance Criteria

The basic intention of the deterministic seismic evaluation and acceptance criteria
defined in Section 2.3 is to achieve less than a 10% probabllity of unacceptable performance for
a structure, system, or component (5SC) subjected 1o a Scaled Design/Evaiuation Basis
Earthquake (SDBE) defined by:

SDBE=(1.5SF)DBE) (2-7)
where SF is the appropriate seismic scale factor from Equation 2-2,

The seismic evaluation and acceptance criteria presented in this section has intentional
and controlled conservatism such that the targét performance goals are achieved. The amount
of intentional conservatism has been evaluated In Reference 2-1 such that there should be less
than 10% probability of unécceptable performance at input ground motion defined by a scale -

2-23
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factor of 1.6SF times the DBE. Equation 2-7 is useful for developing alternative evaluation and
acceptance criteria which are also based on the target performance goals such as inelastic

seismic response analyses. To evaluate items for which specific aocéptance criteria are not yet

developed, such as overturning or sliding of foundations, or some systems and components;
this basic intention must be met. If a nonlinear inelastic response analysis which explicitly
Incorporates the hysteretic energy dissipation is performed, damping values that are no higher
than Response Level 2 should be used to avoid the double counting of this hysteretic energy
dissipation which would resutt from the use of Response l_.eve! 3 damping values.

2.5 Summary of Seismic Provisions

Table 2-5 summarizes reccmmended sarthquake design and evaluation provisions for
Performance Categories 1 through 4. Specific provisions are described in detall in Section 2.3.
The basis for these provisions is described in Reference 2-1.

Table 25 Summary of Earthquake Evalustion Provisions

Performance Category (PC)
1 2 . 3 4
Hazard Exceedance 2x10-3 103 5x10™4 1x10™4
¥ Pu ' (x10-3' (2x104)"
{no conssrvative blas)
Damping tot 5% Table 23
Structural Evaluation
Acceptable Analysis Static or dynamic force method Dynamic analysis
Approaches for Structures normalized to code level base shear
Analysis approaches {or UBC Force squation for equipment and Dynamic ansalysis using in-structure
systems énd components non-structural efements (or more response spoctra (Damging (rom Table
igorous approach) 2:3)
Importance Factor =10 i 1,25 Not used
Load Factors Code specilied load {actors appropriate Load factors of unity
for structural material
Scale Factors Not Used SF= 1.0 | _sFat2s
inetastic Energy Absorption Accounted for by R,, from Table 2-2 Fis trom Table 2-4 by which elastic
Ralios teepones is reduced to accourt for
inelastic behavior
Material Strength Minimum specified or 95% non-excesdance in-situ values
Structural Capacity Code ultimate strength or allowable Code ultimate strength or
behavior level {imit-ctate level
Quality Assurance Program Required within a graded approach (l.e., with increasing rigor ranging from UBC
requirements from PC-1 to nuclear power plant requirements for PC-4)
Peer Review ot Required Required within a graded approach (L.e., with incre r
, o ta‘n%hgmuscnquhmhhmg"wz\onud::?gpoifr
plant requirements for PC-4)

Tor sites such as LLNL, SNL-Livermore, SLAC, LBL, & ETEC which are near tectonic plate boundaries
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Appendix B
Commentary on General NPH Design and Evaluation Criteria

B.1 NPH Design and Evaluation Philosophy

The natural phenomena hazard {NPH) design and evaluation criteria presented in this
document {DOE-STD-1020) implament the requirements of DOE Order 420.1, “Facility
Safatf" {Ref. B-1) and the asanciatad implemsntation Guides: "Impiementation Guide for
the Mitigation of Natwal Phenomena Hazards for DOE Nuclear Facilities and Non-nuclear
Facilities™ (Ref. B-2), "Implamentation Guide for Nonreactor Nuclear Safety. Design Criteria
and Explosives Safety Criterla® {Ref. B-3), and "Implementation Guide for Use with DOE
Orders 420.1 and 440.1 Fire Safety Program® {Ref. B-4) which sre intended to assurs
acceptable performance of DOE facilities in the event of sarthquake, wind/tornado, and
flood hazards. As discusssed in Chapter 1, psrformance is measured by target performance
goals sxpressed as an annual probability of exceedance of acceptable bshavior limits {i.e.,
behavior limits beyond which damage/failure is unacceptabls). DOE Order 420.1 and the
asssocieted implementation Guides establish a graded approach for NPH requirements by
defining performance categories (numbered O through 4) each with a qualitative perform-
ance goal for behavior (i.e., maintain structural integrity, maintain ability to function, main-
tain confinement of hazardous materials} and a qualitative target probabilistic performance
goal. DOE-STD-1020 provides four sets of NPH design and evaluation criteria {(explicit
criteria are not needed for Performance Category 3). These criteria range from those pro-
vided by madal bullding codas for Performance Cetegory 1 to those approaching nuclear

power plant criterig for Performance Catsgory 4.

DOE-STD-1020 employs the graded approach by following the philosophy of proba-
bilistic performance goal-based design and evaluation criteria for natural phenomena haz-
‘ards. Target performance goals range from low probability of NPH-induced damage/tailure
to very high confidence of extremely low probability of NPH-inducad damage/failure. In
this mannaer, structures, systems, and components (SSCs) are governad by NPH criteria
which are appropriate for the potential impact on safety, mission, and cost of thosa SSCs.
For example, & much higher likelihood of damage would bs acceptable for an unoccupied
storage building of low value than for a high-cccupancy facility or a facility containing haz-
ardous materials. SSCs containing hazardous materials which, in the event of damage,
threaten public safety or the environment, and/or which have bsen determined to require
spacial consideration, should have a very low probebility of damage dus to natural phe-
nomena hazards (i.e., much lower probebility of damage than would axist from the use of
model building code design snd evaluation procedures). For ordinary SSCs of relatively low
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cost, there is typically no need or requirament to add conservatism to the design bsyond:
that of mode! building codes. For these SSCas, it is also typically not cost-effeclive to
strangthen structures more than required by model building codes tnat consider extreme
loads due to natural phenomena hazards.

Performance goals correspond to probabilities of structure or equipment damage due
to natural phenomena hazards; they do not extend to consequences beyond structure or
squipment damage. The annusl probability of excesdance of SSC damage as a result of
natural phenomena hazards (i.e., performance goal) is a combined function of the annual
probability of exceadance of the event, factors of safety introduced by the design/evalua-
tion procedures, and other sources of conservatism. These criteria specify hazard annual
probabilities of exceedance, response svaluation methods, and permissible behavior criteria
for sach natursl phenomens hazard and for each performance category such that desired
performance goals are achieved for either design or svaluation. The ratio of the hazard
annual probability of exceedance and the performance gosl annual probability of excee-
dance is called the risk reduction ratio, Rq in DOE-STD-1020. This ratio astablishes the
level of conservatism to be smployed in the design or evaiuation process. For example, if
the performance goal and hazard annual probabilities are the same (R, = 1}, the design or
avaluation approach should introduce no conservatism. Howsver, if conservative design or
svaluation approaches are empioyed, tha hazard annuai probability of excesdance can be
larger {i.e., mcre frequent) than the performance goal annual probability (R, > 1). In the

criteria prasanted herein, the hazard probability and the conservatism in the design/evalua-

“tion method are not the same for earthquake, wind, and flood hazards. Howaever, the
accumulated effact of sach step in the design/evaluation procass is to aim at the
performance goal probability values which are applicable to each natural phenomena hazard
separately.

Design and evaluation criteria are prasented in Chapters 2, 3, and 4 for earthquakae,
wind, and flood hazards, respectively. These criteria are deterministic procedurss that
establish SSC loadings from probabilistic natural phenomena hazard curves; specify accept-
able methods for evaluating SSC response to these loadings; provide acceptance criteria to
judge whether computed SSC responsa is acceptable; snd to provide detailing
requiréments such that behavicr is as expected as illustrated in Figure B-1. Theses criteria
are intended to apply squally for design of new facilities and for evaiuation of existing faci-
lities. In addition, the criteria are intended to cover buildings, squipment, distribution sys-
tems (piping, HVAC, electrical raceways, stc.), and other structures.
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DOE-STD-1020 primarily covers (1) methods of establishing load levels on SSCs from
natura! phenomena hazards and {2) methods of evaluating the behavior of structures and
equipment to these load levels. These items are very important, and they are, typically,
emphasized in design and evaluation criteria, However, there are other aspects of facllity design
that are equally important and that should be'considered. These aspects include quality
assurance considerations and attention to design details. Quality assurence requires peer review
of design drawings and calculations; inspection of construction; and testing of material strengths,
weld quality, etc. The peer reviewers should be qualified personnel who were not involved in
the original design. Important design detalls include measures to assure ductile behavior and to
provide redundant load paths, as well as proper anchorage of equipment and nonstructural
building features. Atthough quality assurance and design detalls are not discussed Iin this report
to the same extent as NPH load levels and NPH response evaluation and acceptance criteria, the
importance of thesa parts of the design/evaluation process shouid not be underestimated.

Quality assurance and peer review are briefly addressed in Section 1.4, in addition to
discussions in the individual chapters on each natural phenomena hazard. Design detalling for
earthquake and wind hazards is covered by separate manuals. Reference B-5 describes
earthquake design considerations including detailing for ductility. Reference B-6 gives structural .
details for wind design,

Detemninistic Procedure .
Based on Industry Codes M::: (';:"m?m:re
and Standards /vevlth DOE Safety

Policy)
Detailing
Haqulnm,nts

Progab:lslstlc
asi
{with historic checl) Pn'.'fﬂi":::' .

Level

Responss
Evaluation

G\

Reasonable Level Conservatism Added
of Hazard

Figure B-1 DOE-STD-1020 Combines Various Methods to Achisve Performance Goals

8-3
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B.2 Graded Approach, Performance Goals, and
Performance Categories

As stated above, DOE Order 420.1 and the associated implementation Guides estab-
lish a graded approach in which NPH requirements are provided for various performance
catsgories each with a specified performance goal. The motivation for the graded
approach is that it enables design or svaluation of DOE structures, systems, and compo-
nents to be performed in 8 manner consistent with their importancs to safety, importance
to mission, and cost. There are only a few "rsactor” facilities in the DOE complex and
many facilitiss with a wide variety of risk potential, mission, and cost. Also, the graded
approach enables cost-bansafit studies and astablishment of priorities for oxisting facilities.
Theie are few new designs planned for the DOE complex and the evaluation of existing
facilities requires cost benefit considerations and pricritizing upgrading and retrofit efforts.
Finally, the graced approach is common practice by mode! building codes such as tha Uni-
form Building Code (Ref. B-7), Department of Defense sarthquake provisions (Raf. B-8),
and even by the Nuclear Reguiatory Commiasion which provides graded criteria from power
plants to other licensed nuciear facilities. ’

The motivation for the use of probabllistic perforrnance gosis by the NPH implemena-
tion Guide for DOE Order 420.1 and DOE-STD-1020 is that accomplish the greded
approach using a quantifisd approach consistent with the variety of DOE facilities as well
as meeting the risk-based DOE safety policy. Furthermore, the use of probabilistic per-
formance goals enables the development of consistent criteria both for all natural phenom-
ena hazards (i.e., earthquakas, winds, and fioods) and for all DOE facilities which are
located throughout the United States. The use of psrformance goal based criteria is
becoming commeon practice as: it is embeddad in recent versions of the Uniform Building .
Code and in the DOD seismic provisions for essential buildings; it has baen used for DOE
new production rsactor NPH criteria; and it has bean utilized in recent Nuclear Regulatory
Commission spplications such as for the advanced light water reactor program and for revi-
sions to commaercial reactor geologicai siting criteria in 10CFR100, Appendix A,

Five performance categories are specified in the Implementation Guide for DOE Order
420.1 for design/evaluation of DOE structures, systems, and components for natural phe-
nomena hazards ranging from O through 4. Table B-1 presants both the qualitative and
quantitative descriptions of the performance goais far each performance category. Both
tha qualitative description of acceptable NPH performance and the quantitative probability
value for each perfori'nance category are equelly significart in establishing these NPH
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design and evaluation criteria within 8 graded approach. SSCs are to be placed in catego-
ries in accordance with DOE-STD-1021-93 {Ref. B-9) Additional guidance on performance
categorization is available in Reference B-10. S

As meantioned previously, the quantitative performance goal probability values are
applicable 10 each natural phenomena hazard (earthquake, wind, and flood) individually.
The earthquaka and flood design and evaluation criteria presented in this document are
simed at meeting the target performance goals given in Table B-1. The extreme wind and
tornado design and evaluation criteria presentsd in this document are conservative com-
pared to earthquake and flood criteria in that they are aimed at lower prabability levels than
the target performance goais in Table B-1. it is estimated that for extreme winds, the
probabilities of exceeding acceptatle behavior limits ars lass than one order of magnitude
smaller than the performance goals in Table B-1. For tornado criteria, the probabilitias of
exceeding accoptable behavior limits are greater than ona but less than two orders of mag-
nitude smaller than the performance goals for Performance Catsgories 3 and 4. This addi-
tionsl conservatism in wind snd tornado criteria for design and evaluation of DOE facilities
is consistent with common practice in government and private industry. Furthermore, this
additionat conservatism can bs accommodated in the design and avaluation of SSCs with-
out significantly increasing costs. SSCs in Performance Categoriss 3 and 4 should be
designed tor tornadoes at certain sites around the country where tornado occurrences are
high. The tornado hazard probability must be set lower than necessary to meet the per-
formance goals in order for tornadoes rather than straight w. < or hurrdcanea to control
the design criteria.

Teble B-1 Structure, System, or Component (SSC) NPH
Performance Goals for Various Performance Categories

NPH Pertorrmnance Goal Annual
Periormance Performance Goal Probabllity ot Exceeding
Category Description Acceptable Behavior Limits, P,

0 No Satety, Mission, or Cost Considerations | No requirements

1 Maintain Occupant Satety 2103 of the onsst of SSCI demage to tha
axtent that occupants are sndangerad

Occupant Sstety, Continued Operation with | 251104 of SSC damags to tho extent that the
Minimum interruption component cannut perform its tunction

e

QOccupsnt Satety, Continued Operation, 2104 of SSC damage to the extent that the
Hanrd Confinement component cannot peclorm its function
) Occupant Safety, Continued Operation, 2108 of SSC damage to the extent that the

Confidence of Hazard Confinemerit componom cannot perform its function

(11  Thess performance goais ace for each nahural phanomom hazard (serthquaks, wind, and fload).
(2]  SSC reters to structure, distribution aystem, or component {equipmeantl,

8-5 40607



OOE-STD-1020-94

Tha design and evaluation criteria for SSCs in Performance Categories 0, 1, and 2 ste
similar to those given in model building codes. Performance Category O recognizes that for
certain lightweight equipment items, furniture, stc., and for othar special circumstances
where there is little or no potential impact on safety, mission, or cost, design or evaluation
for natural phenomena hazards may not be needad. Assignmsent of an SSC to Performance
Category O is intended to be consistent with, and not take exception to, model building
code NPH provisions. Performance Category 1 critesia include no extra conservatism
against natura! phenomensa hazards beyond that in model bullding codes that include sarth-
quake, wind, and flood considerations. Performance Category 2 criteria are intended to
maintain the capacity to function and to keep the SSC operational in the event of natural
phenomena hazards. Model building codes would treat hospitals, fire and police stations,
and other smergency-handling faciliies in a similar mannar to DOE-STD-1020 Performancs
Category 2 NPH design and evaluation criteria.

Performance Category 3 and 4 SSCs handls significant amounts of hazardous materi-
sls or have significant programmatic impact. Damage to thess SSCs could potentially
endanger worker and public safety and the environment or interrupt a significant mission.
As a result, it is very important for these SSCs to continue to function in the event of
netural phenomena hazards, such that the hazardous materials may bs controlied and con-
fined. For thess categories, there must be a very small likekhood of damage due to natural
phenomena hazards. DOE-STD-1020 NPH criteria for Performance Category 3 and higher
SSCs are more conservative than requirements found in model! building codes and are simi-
t,r to DOD criteria for high risk buildings and NRC criteria for various applications as illus-
trated in Table B-2. Table B-2 illustrates how DOE-STD-1020 criteria for the performance
cetegories defined in DOE Order 420.1 and the associated impismentation Guides compare
with NPH criteria from other sources.

Table B-2 Comparison of Parformance Categories from Various Sourcss

Source SSC Categorization I
DOE-STD-1020 - DOE Natural
Phencmena Hazard Criteria ] 2 3 4
Uniform Buliding General Essential . -
Code Facilities Facllities
DDD Tri-Service Manusi -. - High Risk
tor Seismic Design of
Essential Buildings
Nuciear Reguiatory - Evaluation of Evaluation
Commission NRC Fuel of Existing
Facilities Reactors
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Tize design and evaluation criteria presented in this document tor SSCs subjected to
natural phenomena hazards have been specified 1o meet the performance goals presented
in Table B-1. The basis for selecting these performance goals and the associsted annual
probatilities of exceedance are described briefly in the remainder of this section.

For Performance Category 1 SSCs, the primary concern is prevanting major structural
damags or collapse that would endanger personnel. A performance goal annual probability
of exceedance of about 10 of the onsst of significant damage is appropriate for this cate-
gory. -This performance is considered to be consistent with model building codes (Rals.
B8-7. B-11, B-12, and B-13), at least for eartiiquake and wind considerations. The primeary
concern of model building codes is preventing major structural failure and maintaining life
safety under major or severe earthquakes or winds. Repair or replacement of the SSC or
the ability of the SSC to continue tc function after the occurrence of the hazard is not
considered.

Performance Category 2 SSCs are of greater importance due to mission-dependant
considerations. In addition, these SSTs may pose a greater danger to on-gite psrsonns!
" than Performance Cstegory 1 SSCs becauss of operations ot materials involved. The par-
tormance goal is to maintain both capacity to function and occupant safety. Performence
Category 2 SSCs should allow reistively minor structural damage in the avent of natural
phenomena hazards. This is damage that results in minimal interruption to operations and
that can be easily and readily rapairpd tollowing the event. A reasonable performance goal
is judged to Yo an annual probability of excesdance of betwesn 10-3 and 10+ of structure
or equipment damage, with the SSC being able to function with minimal interruption. This
performance goal is slightly mora severa than that corresponding to the design criteria for '
assential facilities {e.g., hospitals, fire and police stations, centers for amergency opera-
tions) in accordance with model building codes (e.g.. Ret. B-7).

Performance Category 3 and higher SSCs poss a potential hazard to public safety and
the environment because radioactive or toxic materials are present. Design considerations
for thase categories are to {imit SSC damage so that hazardous materials can bs controlled
and confined, cccupants are protected, and functioning of the SSC is not interrupted. The
performancse goal for Performance Cetegory 3 and higher SSCs is to limit damage such that
DOE safety policy is achievad. For these catsgories, damage must typically be limited in
confinemant barriers (a.g., bulldings, glove boxes, storags cannisters, vauits), ventilation
systems and filtering, and monitoring and control equipment in the svent of an cccurrence
of severs earthquskes, winds, or floods. In addition, SSCs can be placed in Performance
Categories 3 or 4 if improved performance is needed due to cost or mission requirements.

B-7
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For Performance Category 3 SSCs, an appropriate psriormance goat has been set at
an annual probability of excesdance of about 10+ of damage bayond which hazsrdous
material confinement and safety-related functions are impaired. For Performance Category
4 SSCs, a reasonable performance goal is an annua! probability of exceedance of about
10 of damage beyond which hazardous matearisl confinement and safety-related functions
are impalrad. These performance goals approaches and approximates, respectively, at
least for earthquake considerations, the performance goal for seismic-induced core damage
associated with design of commaercial nuclear power plants (Refs. B-14, B-15, B-16, and
B-17). Annual frequencies of seismic core damage from published probabilistic risk assess-
maents (PRA) of recent commaercial nuclear plants havs bean summarized in Referance
B-18. This report indicates that mean seismic core damage frequancies ranged from
4x10%/year to 1x10+/year basod on consideration of 12 plants. For 10 of the 12 plants,
the annual seismic core damage frequency was greater than 1x10%. Hence, the Perform-
ance Catagory 4 performance goals given in the NPH Implementation Guide for DOE Order
420.1 are consistent with Refarence B-18 information.

B.3 Evaluation of Existing Facilities

New SSCs can be designed by these criteria, but existing SSCs may not meet thess
NPH provisions. For example, most facilities built a number of years ago in the sastern
United States were designed without consideration of potential sarthquake hazard. It is,
tharefors, likely that some older DOE tacilitiess do not meet the sarthquake criteria pres-
ented in this documaent.

For existing SSCs, an assessment must be made for the as-is condition. This assess-
ment includes reviewing drawings and conducting site visits to determine deviations from
the drawings and any in-service deterioration. in-place strength of the materials can be
usaed when avallable. Corrosive action and other aging processes should ba considered.
Evaluation of existing SSCs is similsr to evaluations performed of new designs except that
a single as-is configuration is evaluated instead of several configurations in an iterative
manner, as required in the dasign prccess. Evaluations should be conducted in ordar of
priority, with highest priority given to those arsas identified as weak links by preliminary
investigations and to areas that are most important to personnel safety and operations with
hazardous materlals. Prioritization criteria for evaiuation and upgrade of existing DOE facili-
ties are currently being deveioped.

If an existing SSC does not meet the natural phenomsna hazard design/evaluation cri-
taria, several options (such as thosa illustratad by the flow diagram In Figure B-2) need to
be considersd. FPotential options for existing SSCs Include:
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1. Conduct a mors rigorous svaluation of SSC behavior to raduce conservatism
which may have baen introduced by simple techniques used for initial SSC svalu-
ation. Aiternatively, a probabilistic assessment of the SSC might bs undertaken

" in order to demonstrate that the performance goals for the SSC can be met.

2. The SSC may be strengthened to provide resistance to natural phanomena haz-
ard effects that meets the NPH criteria.

3. The usage of the SSC may be changed so that it falls within a lower parform-
ancs category and conseguently, less stringent requiremants.

it SSC svaluation uncovers deficiancies or weaknesses that can be easily remedied, thase
should be upgraded without considering the other options. (t is often mors cost-sffective
to implament simple SSC upgrades than to expend atfort on further analytical studies.
Note that the actions in Table B-2 need not necessarily be accomplished in the order

shown.

Evaluations of existing SSCs must foliow or, at least, be measured against the NPH
criteria provided in this document. For SSCs not meeting these criteria and which cannot
be easily remedisd, budgets and schedule for required strengthening must be established
on a pricritized basis. As mentioned previously, pricritization criteria for svaluation and
upgrade of existing DOE facilities are currently being developed. Priorities should be estab-
lished on the basis of performance category, cost of strengthening, and margin between
as-is SSC capacity and tha capacity required by the criteria. For SSCs which are close to
maeting criteria, it is probably not cost eftective to strengthen the SSC in order to obtain 8
small reduction in risk. As a result, some relief in the criteria is allowed for evaluation of
existing SSCs. It is permissible to parform such evaluations using natural phenomena haz-
ard sxceedance probabllity of twice the valua specified for new design. For example, if the
natural phenomena hazard annual probability of exceedance for the SSC under
consideration was 10+, it would be acceptable to reconsider the SSC at hazard annual
probability of excesdance of 2x10-4. This would have the effect of slightly reducing the
ssismic, wind, and flocd ioads in the SSC evaluation. This amount of relief is within the
tolerance of meeting tha target performance goals and is only a minor adjustment of the
corresponding NPH design and evaluation criteria.
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EVALUATE EXISTING SSC» USING DOE-STD-1020

Coilect design documents
Conduct aite visit & operelor interviews
Note diftersnces belween design & os—is condition
Delormine performance colegories for SSCs
Colcuiate as—is NPH capacity/demand
by DOE-STD-1020

IF CRITERIA ARE MET,
THE SSC IS
ADEQUATE FOR NATURAL
PHENOMENA HAZARDS

IF CRITERIA ARE NOT
NET, ALTERNATE OPTIONS
MUST BE CONSIDIRED

UPGRADE LASY-TO-REMEDY
DEFICKNCIES OR
WEAKNESSES

IF SUFFICIENT, SSC
1S ADEQUATE FOR NATURAL
PRENOMENA HAZARDS

W CLOSE TO METTING CRITERIA
REEVALUATE USING MAZARD PROBABILITY
OF TWICE THE RECOMMENDED VALUE

IF UNSUCCESSFUL, CONDUCT
MORE RIGORQUS EVALUATION
REMOVING ADDED CONSERVATISM
INTRODUCED 8Y INTAL
EVALUATION WMETHOOS

IF SUCCESSFUL, SSC
1S ADEQUATE FOR NATURAL
PHENOMENA HAZARDS

W UNSUCCESSFUL AND A BACKFIT ARALYSIS
INDICATES MORE WORK 1S NECESSARY,
STRENGTHEN SSC SUFFICIENTLY TO MEETY
DOE~STD~-1020

OR

CHANGE THE USAGE OF
THE SSC TO A
CATEGORY WITH LESS
STRINGENT REQUIREMENTS

Figure B8-2 Evaluation Approach for an Existing SSC
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Appendix C
Commentary on Earthquake Design arid Evaluation Criteria

C.1 Introduction

Earthquake design and evaluation criteria for DOE structuras, systems, and compo-
nants are presented in Chapter 2 of this standard. Commantary on the DOE earthquake
design and evaluation provisions is given in this appendix. Specifically, the basic approach
employed is discussed in Section C.2 along with meeting of targst performance goals, seis-
mic loading is addressed in Section C.3, evaluation of seismic response is discussed in
Section C.4, capacities and good seismic design practice are discussed in Section C.5,
specisl considerations for systems and components and for existing facilities are covered in
Sections C.6 and C.7, respectively, and quality assurance and peer review are addressed in
Section C.8. Alternate seismic mitigation measures are discussed in Section C.9.

These seismic criteria use tha target performance goals of the NPH implementation
Guide for DOE Order 420.1 (Ref. C-67) to assure safe and reliable performance of DOE
facilities during future potential earthquakes. Design of structures, systems, and compo-
nents to withstand earthquake ground motion without significant damage or loss of func-
tion depends on the following considerations:

1. The SSC must have sufficient strength and stiffness to resist the lateral loads
induced by earthquake ground shaking. 1f an SSC is designed for insufficient

lateral forces or if deflections are unacceptably large, damage can result, even to

well-detailed SSCs. .

2. Failures in low ductility modes {e.g., shear behavior) or due to instability that
tend tn be abrupt and potentially catastrophic must bs avoided. SSCs must be
detailed in 8 manner to achisve ductils behavior such that they have greater
anergy absorption capacity than the ensrgy content of earthquakes.

3. Ruilding structures and equipment which sre bass supportad tend to be more
susceaptidle to earthquake damage (because of inverted pendulum behavior) than
distributed systems which ars supported oy hangers with ductilo connections
{because of pendulum restoring forces).

4. The behavicr of an SSC as it responds to earthquake ground motlon must be
fully understood by the designer such that & "weask link" that could produce an
unexpectad failure is not overlooked. Also, the designer must consider both rels-
tive displacement and inartia (acceleration) induced seismic failure modes,

5. SSCs must be constructad in the manner specified by the designer. Materials
must be of high quality and as strong as specitisd by the designer. Construction
must be of high quality and must conform to the design drawings.
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By the NPH implementation Guide for DOE Order 420.1 (Ref. C-67) and this stan-
dard, probabilistic performance goals are used as a target for formulating deterministic sais-
mic design criteria. Table C-1 defines seismic performance goals for structures, systems,
or components (SSCs] assigned to Performance Categories 1 through 4. SSCs are to bo
assigned to performance categories in accordance with DOE-STD-1021-93 (Ref. C-26).
The seismic performan:-: goals ara defined in terms of a permissibie annuai probability of
unacceptable performance P (i.e., & parmissible tailure frequency limit). Seismic induced
unacceptable performance should hava sn annual probability less than or approximately

esqual to these goals.

Table C-1 Structure, System, or Component {SSC} Seismic
Performance Goals for Various Performance Categories

Port Goat Seismic Morm:fng Goal Annual
Performance ormance Probabikty conding
Category Desgcription Acceptable Behsvior Limits, P,
1 mmnwcmms:fm ‘ 2102 of the onset of SSC™ damage 0 the l
extent that oCCuUpInts are endangered
" 2 Occupant Safety, Continued Oparation 6x 104 of SSC demage to the extent that
with Minimum ntrruption the component cannot periormn its function
Occupant Safety, Continued Dperation, 210 of SSC damage 10 the externt that the
Hazard Confinement componem cannat perform its function
Occupant Safety, Continued Operation, £10 of SSC damage to the extent that the
Contigence ot Hazard Confinement cOMPONaNnt cannot perform its function
{1) SSC reters to structurg, dictribution system, or component tequipment),

The performance goals shown in Table C-1 include both quantitative probability val-
ues and qualitativa doscriptions of acceptable performance. The qualitative descriptions of
sxpected periormance following design/evaiuation leveis of sarthquake ground motions are
sxpanded in Table C-2. Theses descriptions of acceptable performance are specifically tai-
lored to the needs in many DOE tfacilities.

The performance goals described above are achieved through the use of DOE seismic
design and evalustion provisions which include: {1) lateral force provisions; {2) story
drift/dsmage control provisions; (3) detailing for ductility provisions; and {4) quality assur-
snce provisions. These provisions are comprised of the following four slements taken
together: {1} ssismic 1oading; (2) responss evsiuation methods; (3) permissibie response
levais; and {4) ductile detailing requirements. Acceptable performance (i.e., achieving per-
formance goais) can only be reached by consistent specification of all design criteria ele-
ments as shown in Figure C-1.

c-2
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Table C-2 Qualitative Selsmic Performancs Goals

Figure C-1 Consistent Spoéiﬁcation of All

Seismic Design/Evaluation Critesia Elements

PC Occurancy Concrete Metal Component Visible
Safety Barrier Liner Functionality Damage
No strustwesl col- | Confinement not Confinement | Companent wil i
lagrse, 1aiure of required. not required. remain anchored, |will be kmited but
contents aot but no assurance |visibie tc the
senous endugh to it will remain naked eye.
cause sevore injury functional or eas-
or death, or pre- ily repgicable.
vent evacuation .
No structural col- | Concrete walls wil May not Component will | Building distortion
lapse, faiure of remain standing but may | remain lak remain anchored | wil be limited but
covaents not be extensively cracked; |tight because |and majority will |visible to the
serius snough to | they may not maintain of sxcessive remsin functional |naked eye
cause severss injury | pressure differentisl with | d.stortion of atter sarthquake.
or geath, or pre- nornal HYAC, Cracks structure. Any ga
vernt svecuation will stil! provide a tortu- equipment will be
ous rath for materisl easdy :
hnh.m. m‘t axpect
" [~ tot
e
No structural col- | Concrets walls cracked; | Metal iner will | Component Possibly visible
lapss, tailure of but small snough to remain leak anchored and local damage but
contents not maintain praasure differ- | tight. functionsl. permanent distor-
senous enough to | entisl with normal . tion will not be
causs severe injury | HVYAC. Don't sxpect immediztely
or death, or pre- largest cracks greater spparent to the
vent evacuation than 1/8 inch. naked eye.
No structursl col- | Concrete walls cracked; | Metal tiner will { Component i
lapse, failure of but small encugh to remain anchored and local damage taut
contents not maintain e diffec- | tight. functional. -
serious enough to | ential with normal tion wil not be
cause severs inury | HVAC. Don't expect i
or desth, or pre- largest cracks greater spparemt 1 the
vent evacuation than 1/8 inch. naked Bye.
Seismic Response
Loading Evaluation
Specificution Methods
Permissibie Ductile
Response Detailing
Levels Requiremen‘rj
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C.2 Basic Approach for Earthquake Design and Evaluation and.
Meeting Target Performance Goals

C.2.1 Overall Approach tor DOE Seismic Criteria

. Structure/component performance is a function of: (1) the likelihood of hazard cccur-
rence and {2} the strength of the structure or equipment item. Conssquently, seismic per-
formance depends not only on the earthquake probability used to specity design seismic
loading, but also on the degres of conservatism used in the design process as illustrated in
Figure C-2. For instance, if one wishes to achieve less than about 10+ annual probability
of onset of loss of function, this goal can be achieved by using conssrvative design or
evaluation spprozches for a8 natural phenomena hazard that has a more frequent annust
probability of exceedance (such as 103, or it can be achiseved by using median-centered
design or evaluecion approuchas (i.a., approaches that hava no intentional conservative oc
unconservative bias) coupled with a 10+ hazard definition. At least for the sarthquake haz-
srd, the former sltarnate has been the most traditional. Conservative dasign or evaluation
approaches are well-established, extensively documentsd, and commonly practiced.
Median design o evaluation approaches are currently controversial, not well understood,
and seldom practicad. Conservative design and evalustion approaches ars utilized for both
conventional facilities (similar to DOE Performance Category 1) and for nuclear power
plants {similar to DOE Performance Category 4). For consistency with these other uses,
the approach in this standard specifies the use of conservative design and evaluation pro~
cedures coupled with a hazard definition consistant with these procedures. .

Earthquake Loading intentional Conservofinm int

Oetinad at Spacified L1.| 1) Response Evaiuation A::;Lm:::wl“l '
Annuail Probability from 1 1 2) Permissible Response Earthquake-Induced 'D:mc

Selsmic Hozard Curve 3) Ductite Delailing q < 90

Figure C-2 Performance Goal Achisvemant

The performance goals for Performance Category 1 SSCs are consistent with gosis of
model bullding codes for normal facilities; the perfoxmance goals for Performance Category
2 SSCs are slightly more conservative than the gosls of model building codes for important
or assential facilities. For seismic design and svaluation, model building codes utliize aquiv-
alent static force methods sxcept for very 1siiusual or irregular facilities, for which a
dynamic analysis method is smployed. The performance goals for Performance Category 3
SS8C's are consistent with DOE sssentis! facilitias and Pu handling facilities. The perform-

C4
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ance goals for Performance Category 4 SSC's appioach those used for nuclear power
plants. For thasae reasons, this standard specifias seismic design and evaluation criteria for
PC-1 and PC-2 SSC's corresponding closely to model building codes and seismic design
and evaluation criteria for both PC-3 and PC-4 SSC's based. on dynamic analysis methods
consistent with those used for similar nuclear facilities.

By this standard, the DBE is defined at specified hazard probability P, and the SSC is
designed or svaluated for this DBE using an adequately consarvative deterministic accep-
tance criteria. 1¢ bs adeguatsly conservative, the acceptance criteriec must introduce an
additional reduction in the risk of unacceptable performance below the annual risk of
exceeding the DBE. The ratio of the seismic hazard sxceedarice probability, P, to the per-
formance goal probability P, is defined herein as the risk reduction ratio R,, given by:

Py {C-1)
R W 1
R P
The required degree of conservatism in the deterministic acceptance criteria is a function
of the specified risk reduction ratio. Table C-3 provides a sst of seismic hazard
exceedance probabilities, P, and risk reduction ratios, R, for Performance Categories 1
through 4 required to achieve the seismic performance goals spacified in Table C-1, Note
that Table C-3 follows the philcsophy of:
1) gradual reduction in hazard annual exceedance probability
2) gradual increase in conservatism of evaluation pracedure as one goes from Per-
formance Category 1 to Parformance Category 4 (PC 1 to PC 4),

Tably C-3 Seismic Parformance Goals & Specifised Seismic Hazerd Probabilities

Performance Target Seismic Seismic Hazard Rigk Reducdon
Category Performance Goal, P, Excetdance Probability, P, Ratio, R,

1 1xX10° 2x109 2
2 Bx10+ %102 2
3 110+ Bx104 -]

{1x 103 {10)¢
4 110 1x104 10

. (2% 1O+ {20n

! For sites such as LLNL, SNL-Livermors, SLAC, LBL, and ETEC which are near tectonic plata boundaries.

Different structures, systems, of components may have different specified perform-
ance goal probabilities, P,. It is required that far each structure, system, or component,
sither: (1) the performance goal catsgory; or (2) the hazard probability (P,) or the DBE
togethaer with the appropriate R, factor will be specified in a design specification or imple-
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mentation document that invokes these criteria. As shown in Table 2-3, the recommended
hazard exceedance probabilities and performance goal sxceedance probabilities are
different. These differences indicate that conservatism must be introduced in the seismic
behavior avaluation approach to achieve the required risk reduction ratio, Re. In earthquake
evaluation, there are many places where conservatism can be introduced, including:

1. Maximum design/evaluation ground acceleration and velocity.

2. Response spectra amplification,

3. Damping.

4. Analysis methods.

5. Specification of material strengths.

6. Estimation of structural capacity.

7. Load or scale factors.

8. Importance factors.

9. Limits on inslastic behavior.

10, Soil-structure interaction (except for froquoncy shifting due to SS1).
" 11. Effective peak ground motion. .

12. Etfacts of a large foundation or foundation embedment.

For the earthquake evaluation criteria In this standard, conservatism is intentionally
introduced and controlled by specifying (1) hazard exceadance probabilities, (2) load or
scale factors, (3) importance factors, {4) limits on inelastic behavior, and (5) conservatively
specified material strengths and structural capacities. Load and importance factors have
been retainad for the svaluation of Performance Category 2 and lower SSCs because the
UBC appreoach (which includes these factors) is followed for these categories. Importance
factors are not used for Performance Category 3 and higher SSCs. However, a seismic
scale factor SF is used to provida the difference in risk reduction retio R, batween Perform-
ance Catagories 3 and 4. Material strengths and structural capacities specified for Per-
formance Category 3 and higher SSCs correspond to ultimate strength code-type
provisions {i.e., ACl 318-89 tfor reinforced concrete, LRFD, or AIST Thapter N for steel).
Materis| strengths and structural capacities specified for Performancs Category 2 and

lower SSCs correspond to either uitimate strength or allowable strass code-typs provisions.

It is recognized that such provisions introduce conservatism. w addition, significant addi-
tional conservatism can be introduced if considerations of sffactive peak ground motion,
soil-structure interaction, and effects of large foundation or foundation embedment are
ignored.

C-6
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The differences in seismic evaluation criteria among categories in terms of load and
importance factors, limits on inelastic behavior, and other factors by this standard ars sum-
marized below:

1. PCl1and PC2 From PC 1 to PC 2, seismic haxard excesdance probability is lowered and impor-
tance factor is increased. ARl other factors are held the same,

2. PC2andPC3 From PC 2 to PC 3, lcad and importance factors are eliminated, damping is

. generally increased, and kmits on inelastic behavior ar2 significantly reduced. AN
other {actors are essentially the same, although static torce evaluation methods
are aliowed for PC 2 SSCs and dynamic analysis is required for PC 3 SSCs.

3. PClandPC 4 From PC 3 to PC &, seismic hazard exceedance probability is lowered and a
soismic scale factor is used. All othes tactors are heid the same.

The basic intention of the deterministic seismic evaluation and accaptance critar~

presented in Chapter 2 is to achieve less than a 10% probability of unacceptable perform- A

ance for a structure, system, or component {SSC) subjected to a Scaled Design/Evaluation
Basis Earthquake (SOBE) defined by:

SDBE = (1.5SF)(DBE) | c2)

where SF is the appropriate seismic scale tactor (SFis 1.0 for PC 3 and 1.25 for PC 4).
The seismic evaluation and acceptance criteria presented in this standard has intentionai
and controlied conservatism such that the required risk reduction ratios, Ry, and target
performance goals are achieved. The amount of intentional conservatism has been
evaluated in Reference C-20 as that there should be less than 10% probability of
unacceptable performance at input ground mation defined by a scaie factor of 1.5SF times
the DBE. Equation C-2 is useful for developing alternative evaluation and acceptance
criteria which are also basad on the target performance goals.

It is permissible to substitute alternate acceptance critaria for those criteria defined in
Chapter 2 so long as these aiternate criterla will also reasonably achiave less than about a
10% probability of unacceptable performance for the combination of the SDBE defined by
Equation C-2 with the best-estimate of the concurrent non-seismic loads. This relief is par-
mitted to enable one to define mors sophisticated alternate acceptance criteria than those
presentad in Chapter 2 when one has a sufficient basis to develop and defsnd this
slternate criteria.

C.2.2 Influence of Seismic Scale Factor

The target performance goals of the Implementation Guide for DOE Order 420.1 are
the basis of the seismic design and evaluation criteria presented in this standard. it is
known that for PC 1 and PC 2, target performance goals, P, of 1x10-* and 5x10+, respec-
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tively, are mat relatively closaly. However, for PC 3 and PC 4, target performanca goals,
Pe. of 1x10 and 1x10%, respectively, ata met in 8 more approximate manner as illustrated
in thig section. The variability in performance goal achievernent can. be most significantly
attributed to tha uncertainty in the slopes of seismic hazard curves from which DBE ground
motion is determined. Seismic hazard curve slope does not have a significant effect on
performance for PC 1 and PC 2 because P, and P, do not differ greatly (i.e. Ry = P /P, =

2).

Over any ten-fold difference in exceedance probabilitias, saiémic hazard curves uiay
be approximated by:
-k {C-3)
H(a)=Xa ¥ |

where H(a) is the annual probability of exceedance of ground motion lavsl "a," K is a
constant, and k,, is 3 slope parameter. Slope coefficient, A, is the ratio of the increase in
ground motion corresponding to a ten-fold reduction in exceedance probsbility. A, is
reiated to k, by

1 - _ (C-4)

ku=ogcan

The Basis for Seismic Provisions of DOE-STD-1020 (Hef. C-20) presents astimates of
seismic hazard curve slope ratios A, for typical U.S. sites over the annual probability'nnno
of 103 to 10%. For eastern U.S. sites, A, typically falis within the range of 2 to 4 although
A, values as large as 6 have been estinw ted. For California and othar high seismic sites
near tectonic plate boundarias with seismicity dominated by close active fauits with high
recurrence rates, A, typically ranges from 1.5 te 2.25. For other western sites with
seismicity not dominated by close active faults with high recurrence rates such as INEL,
LANL, and Hanford, A, typically ranges from 1.75 10 3.0. Therefore, seismic design/eva-
luation criteria should bs applicable over the range of A, from 1.5 to 6 with smphasis on
the range from 2 to 4.

DOE seismic design and evaluation criteria presented in Chapter 2 is independent of
A, and, thus, does not reflect its effect on meeting target goals. The performance of
- structures, systems, and components in terms of annual probability of exceeding accept-
able behavior limits can be evaluated by convolution of seismic hazard and seismic fragility
curves. Seismic fragility curves describe the probability of unacceptable performance
versus ground motion level. The fragility curve is defined as baing lognormally distributed

c-8 '
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and is expressed in terms of two parameters: 8 median capacity level, C,,, and a loga-
rithmic standard deviation, 8. B expresses the uncertainty in the capacity level and gener-
ally lies within the range of 0.3 to 0.6. For DBE ground motion specified at annual
probability, P,, it is shown in Ref. C-20 that the risk reduction ratio, R,, between the
annual probability of exceeding the DBE and the annual probability of unacceptable per-
formance is given by: '

-i(k,,ﬂ)z (C-5)

Rp=(Cso/DBE) e

where C,, and B define the seismic fragility curve and DBE and k,, define the seismic
hazard curve.

Using the basic criterion of DOE-STD-1020 that target performance goals are
achieved when the minimum required 10% probability of failure capacity, C,, is squal to
1.5 times the seismic scale factor, SF, times the DBE ground motion, Equation (C-5) may
be rawritten as: ' .

1.282k o p-2¢k ,B)2 (C-6)
R,,s(l.SSF)""e[ wb-3Cud7]

Equation (C-6) demonstrates the risk reduction ratio achiaved by DOE saismic criteria
as a function of hazard curve slope, uncertainty, £, and seismic scale factor, SF. Note
from Table C-3 that for Performance Category 4 (not near tectonic plate boundaries), the
hazard probability is 1x10+ and tha performance goal is 1x10* such that the target risk
reduction ratio, R, is 10 and for Performance Category 3, the hazard probability is 5x10+
and the parformance goal is 1x10+ such that the target risk reduction ratio, Ry is 5. The
actual risk reduction ratios from Equation (C-6) versus slope coefficient A, are plotted in
Figures C-3 and C-4 for Parformance Categories 3 and 4, respectively. In these figures, SF
of 1.0 is used for PC 3 and SF of 1.25 is used for PC 4 and the range of g3 from 0.3 to 0.6
has besn considered. For the hazard curves considered by DOE-STD-1024-92 (Ref. C-13),
A, values average about 3.2 in the probability range associated with PC 3 and about 2.4 in
the probability range associated with PC 4, More recent seismic hazard studies (Ref. C-6)
gives A, values which average about 3.8 in tha prabability range associated with PC 3 and
about 3.0 in the probability range associated with PC 4. As a result, Figura C-3 includes a
blown-up view for the 2.5 to 4 A, range and Figure C-4 inciudes a blown-up view for the 2

to 3 A, rangs.
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Figure C-3 demonstrates that for SF = 1.0, risk raduction ratios between about 3
and 10 are achieved over the A, range from 2 to 6. Thesa risk reduction ratios support
achieving performance goals between about 2x 10+ to 5x10%. (n the primary region of
interest of A, between 2.5 and 4, risk reduction ratios from 4 t0 6 are achisved as com-
pared to the target level of § for PC 3 and sites not near tectonic plate boundaries. Figure
C-4 demonstrates that for SF = 1.25, risk reduction ratios bstween about 3 and 20 are
achieved over the A, range from 2 to 6. These risk reduction ratias support zchieving per-
formance goals between about 3x10% to 5x10%. In the primary region of interest of A,

" between 2 and 3, risk reduction ratics from about 8 to 17 are schieved as compared to the
target level of 10 for PC &4 and sites not near tectonic plats boundaries.

The risk reduction ratio achieved mey be improved by using a variable formulation of
SF which is a function of A,. In order to justity uss of the variable scale factor approach,
the sita spacific hazard curve must have a rigorous pedigree. Refersnce C-20 demon-
strates that the SF factors shown in Figure C-5 give the best fit of R, over the A, ranga of
primary interest from about 2 to about 6. The use of the scale factors given in Figure C-5
combined with Equation C-6 improves the R, values comparad to target vaiues as shown in
Figures C-6 and C-7 for PC 3 (R, = 5) and PC 4 (R, = 10), respectively. Figures C-6 and
C-7 demonstrate that when the varisble scale factors from Figure C-5 are usad, risk reduc-
tion factors achieved are within about 10% of the target values of 5 and 10, respectively.
As 3 result, target performance gosls would be met within about the same 10%.
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For sites near tectonic plate boundaries for which A, is in the range of about 1.5 to
2.25, such as LLNL, SNL-Livermore, SLAC, LBL, and ETEC. Figures C-3a and C-43 demon-
strate that larger risk reduction ratios are achieved than the target levels of 5 for PC 3 and
10 for PC 4, respectively. Therefore, it is acceptable to use twics the hazard probabilitins
for thase sites combined with the appropriate constant scale factors. Henca, for sites near
tectonic plate boundaries, target psrformance goals may be adequately achieved with haz-
ard probabilities and seismic scale factors of 1x10-3 and 1.0 for PC 3 and 2x10+ and 1.25

for PC 4,
€.3 Seismic Design/Evaluation Input

The seismic performance gosls presented in Tables C-1 and C-2 are achieved by
defining the seismic hazerd in terms of a site-specified design response spectrum (called
herein, the Design/Evaluation Basis Earthquake, [DBE]). Either a site-specific design
response spsctrum specifically developed for the site, or a generic design response spec-

. trum that is appropriate or conservative for the site may be used as the site-specified
‘design nsponsb spectrum, Probabilistic seismic hazard estimates are used to establish the
DBE. These hazard curves define the amplitude of the ground motion as 8 function of the
annual probability of exceedance P, of the specified seismic hazard.

For each performance category, an annual exceedsnce probability for the DBE, P, is
spacified from which the meaximum ground acceleration (or velocity) may be determined
from probabilistic seismic hazard curves. Evaluating maximum ground acceleration from a
specified annual probability of exceedanca is llustrated in Figure C-8. Earthquake input
excitation to be used for design and evalustion by these provisions is defined by a median
amplification smoothed and bréadened design/evaluation response spectrum shape such as
that shown in Figure C-8 anchored to this maximum ground acceleration. Note that the
three spactra presented in Figure C-8 are identical; the top spectrum has spectral accelers-
tion plotted against natural frequency on a log scale, the middle spectrum is on what is
termed a tripartite piot where ’spectral velocities and displacements as well as accelerations
sre shown, and the bottom spectrum has spectral acceleration plotted against natursl

period on a linesr scale.

it should be understood that the spectra shown in Figure C-8 represent inertial
effects. They do not include relative or differential support motions of structures, squip-
meant, or distribution systems supported st two or more points typically referred to as sais-
mic anchor motion {SAM). While SAM is not usually applicable to building design, it might
have a significant effect on ssismic adequacy of equipmant or distribution systems.
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Seismic design/svaluation criteria based on target probabilistic performance goais
requires that Dasign/Evaluation Basis Earthquake (DBE) motions be based on probabilistic
seismic hazard assessments. In accordance with DOE Order 420.1 and the associated
NPH Implementation Guido (iefs. C-27 and C-67), it is not required that s site-specific pro-
babilistic seismic hazard assessmant be conducted if the site includes only Performance
Category 2 and lower SSCs. If such an sssaessment has not been parformed, it is
acceptable to determine seismic loads {as summarized in Section C.3.2.2) from the larger
of those determinad in accordancs with the UBC (Ref. C-2) and with UCRL-53582, Rev. 1
{Ref. C-14). Design/evalustion earthquake ground motion determined from a recent site-
specific probabilistic seismic hazard assessmant is considered to be preferabla to the UBC
tor determining ZC. Theretore, tha DBE sesponse spectrum for Performance Category 2
and lower may be deveioped from a new probabilistic seismic hazard assessment following
the guidance given herein ior Performsnce Category 3 and higher. However, when
design/evaluation sarthquake ground motion is based on recent site-specific geotschnical
studies and the resuiting seismic loads sre less than that determined by the UBC, the dif-
ferences must be justified and approval of ssismic loads must be obtained from DOE.

For design or evaluation of SSCs in Performance Catsgory 3 and higher, it is strongly
recommendead that a modern site-specific seismic hazard assessment be performad to pro-
vide the basis for DBE ground motion levels and response spectra. DOE Order 420.1 and
the associated NPH Implementation Guide (Refs. C-27 and C-67), raquire that the need for
updatinﬁ the site seismic hazard assessment be reviewsd at laast every 10 ysars. The
DOE seismic working group interim standard, DOE-STD-1024-92 (Ref. C-13), indicates that
the approach used for the seismic hazard assessments summarized in UCRL-53582 (Ref,
C-14), which are more than 10 years old, sre out of date relative to the current state of
the art. However, in accordance with DOE-STD-1024-92, it is permissibie to establish DBE
ground motion levels and rosponso\ spectra for Performance Categories 3 and 4 based on
UCRL-53582 in the interim untll a modem site-specific seismic hazard assassment
becomes available. DBE ground motion levels for Performarnce Categories 3 and 4 based
on UCRL-53582 are also provided in Section C.3.2.2.

Minimum values of the DBE are provided in Section 2.3 to assure a minimum leve! of
seismic design at all DOE sites. Such a minimum level of seismic design s believad to be
nacessary dus to the considerabie uncertainty about future sarthquake potential in the
iower seismicity regions of the United States where most DOE sites are located.

C-18
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Figure C-8 Earthquake Input Excitation is Defined by Maximum Ground
Accelerstion Anchoring Site-Specific Response Spectra

C.3.1 Earthquake Hazard Annual Exceedance Probabilities

Historically, non-Federal Government General Use and Essentisl or Low Hazard facili-
ties located in California, Nevada, and Washington have been designed for the seismic haz-
ard defined in the Unitorm Bullding Code. Other regions of the U.S. have usad the UBC
seismic hazard definition, other building code requirements, or hava ignored seismic design.
Past UBC seismic provisions {1886 and earlier) are basaed upon the largest earthquake
intensity that has occurred in a given region during about the past 200 yesrs. These provi-
sions do not consider the probability of occurrence of such an earthquake and thus do not
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make any explicit use of a probabilistic seismic hazard snalysis. However, within the last
15 years there have been deveiopments in building codes in which the seismic hazard pro-
visions ars basad upon a consistent annual probability of exceadance for all regions of the
U.S. in 1878, ATC-3 provided probabilistic-based seismic hazard provisions (Ref. C-1).
From the ATC-3 provisions, changes to the UBC (Ref. C-2) and the development of the
National Earthquake Hazards Reduction Program (NEHRP, Ref. C-3) have resultad. A
pcobabilistic-based ssismic zone map was incorporated into the UBC beginning with the
1988 eodition. Canada and the U.S. Department of Defenss have adopted this approach
{Refs. C-4 and C-5). The suggested annual frequency of exceedance for the design seis-
mic hazard level differs somewhat between proposed codes, but all lie in tha range of 102
to 103, For instance, UBC (Ref. C-2), ATC-3 (Ref. C-1), and NEHRP (Ref. C-3) have
suggested that the design seismic hazard leve! should have about 8 10 percent fraquency
of sxceedance level in 50 years which correspo.ds to an annusl exceedancs frequency of
about 2x103. The Canadian building code used 1x10? as the annual excesdance level for
their design seismic hazard definition. The Depsrtment of Defense {DOD) tri-services seis-
mic design provisions for essential buildings (Ref. C-8) suggasts a dual level for the design
seismic hazard. Facilitiss should ramain sssantially elastic for ssismic hazetd with about &
50 percent frequency of exceedsnce in 50 years or about a 1x10-2 annual excesdance fre-
quency, and they should not fail for a seismic hazard which has about a 10 percent fre-
quency of axceedance in 100 ysars or about 1x10-3 annuai exceedance frequency.

On the other hand, nuciear power plants are designed so that safaty systems do not
fail if subjectec to & safe shutdown earthquake (SSE). The SSE generally represants the
expected ground motion at the site either from the largest historic earthquake within the
tectonic province within which the site is located or from an assessment of the maximum
earthquake potantiai of the approprists tectonic structure or capable fault clossst to the
site. The key point is that this is a deterministic definition of the design SSE. Recent
probabilistic hazard studies (¢.g., Ref. C-6) have indicated that for nuclear plants in tha
eastern U.S., the design SSE level generaily corresponda to an estimated annual freguency
of exceadance of between 0.1x10- and 10x10+ as is illustrated in Figure C-9. The proba-
bility level of SSE design spectra (between 5 and 10 hz) at the 59 sastern U.S. nuclear
power plants considered by Ref. C-6 fall within the above stated range. Figure C-9 also
demonstratas that for 2/3 of thess plants the SSE spectra comresponds to probabilities
between sbout 0.4x10+ and 2.5x10-¢, Hence, the specifiad hazard probability level of
1x104 in this standard is consistent with SSE levsis.

These seismic hazard definitions specified in this standard are appropriate as long as
the seismic design or evaluation of the SSCs for these earthquake levels is conservatively
performed. The level of conservatism of the evaluation for thess hezards should increase

C-17
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as one goes from Performance Category 1 to 4 SSCs. The conservatism associsted with
Pertormance Categories 1 and 2 should be consistent with that contained in the UBC (Ref. ‘
C-2), ATC-3 {Ref. C-1), or NEHRP (Ref. C-3) for normal or essantisl facilities, respectively.

The level of consarvatism in the seismic svaluation for Parformance Category 4 SSCs

should approach that used for nuciear power plants when the seismic hazard is designated

as shown above. The criteria contained hersin foliow the philosophy of a gradual reduction

in the annual exceedance probability of the hazard coupled with a gradua! increass in the
conssrvatism of the evaluation procedures and acceptance criteris as ona goss from Per-
“formance Category 1 to Performance Category 4.
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1.2 CONTENT OF THE SEISMIC TOPICAL REPORTS

This topical report is the second in a series of three reports that the DOE has planned that
together will describe the preclosure seismic design process. The relationship of the three
topical reports is illustrated in Figure 1-1. Topical Report I, Methodology to Assess Fault
Displacement and Vibratory Ground Motion Hazards at Yucca Mountain (DOE 1994a),
describes the DOE methodology for assessing vibratory ground motion and fault
displacement hazards. Topical Report II (this report) describes the DOE preclosure seismic
design methodology and design acceptance criteria and establishes seismic hazard levels
that are appropriate for design. The DOE anticipates that a third report, currently scheduled
for fiscal year 1998, will describe the results of the assessment of the vibratory ground
motion and fault displacement hazards at Yucca Mountain and the determination of the
appropriate design bases for these hazards.. '

The content of the three seismic reports is described in more detail in the following
paragraphs.

Topical Report I--Topical Report I describes the DOE methodology for probabilistic
assessment of vibratory ground motion and fault displacement hazards. The methodology
involves a series of workshops structured so that multiple experts can interact to evaluate
hypotheses and models using the Yucca Mountain site and area geological, geophysical,
and seismological data sets. The data sets will be made available to all participant experts
uniformly. Importantly, the methodology requires that the experts specifically evaluate all
hypotheses and models that have credible support in the data. The product of the
methodology is multiple interpretations by the experts of seismic sources, source properties,
and evaluations of ground motion, all of which include specific expressions of uncertainty.
The methodology does not involve expert opinion, which implies judgments unconstrained
by data or normal scientific rigor, but instead employs normal earth science procedures and
practice, and carries the usual past practice one step further by requiring uncertainty in the
interpretations to be specifically expressed. Moreover, it forces a consistent level of
scientific rigor, a comprehensive and consistent consideration of data, and documentation of
all interpretations.

Additional information on the methodology is contained in Probabilistic Analyses of
Ground Motion and Fault Displacement at Yucca Mountain, Yucca Mountain Study Plan
8.3.1.17.3.6 (DOE 1995a).

Topical Report I does not provide the values of vibratory ground motion and fault displacement hazards
for design of the facility SSCs; it describes only the methodology for hazard assessment. The application
of this methodology at the Yucca Mountain site will yield hazard estimates that will, together with
planned deterministic evaluations, comprise the information base considered in determining preclosure
design basis vibratory ground motion and fault displacement values. The hazard estimates will also be
used in the assessment of postclosure waste containment and isolation performance.

Topical Report II--Topical Report II (this report) describes the design methodology and
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criteria that the DOE intends to implement to provide reasonable assurance that vibratory
ground motions and fault displacements will not compromise the preclosure safety
functions of SSCs important to safety. The seismic design methodology and criteria
implement the requirements of 10 CFR 60, including the requirement in the recent ruling
(61 FR 64257) to identify Category-1 and -2 design basis events. This report establishes
hazard probability levels that are appropriate for determining the two levels of design basis
vibratory ground motions and the two levels of design basis fault displacements.
Acceptance criteria for both surface and underground facilities are provided for vibratory
ground motion and fault displacement design. In addition, the report provides criteria for
fault avoidance, which is the DOE preferred approach to mitigating fault displacement
hazards. Seismic design considerations for waste packages, which will function on the
surface and underground and which have a number of unique performance requirements,
are discussed. NRC guidance documents for the seismic design of nuclear power reactors
that can appropriately be applied to preclosure seismic design of the repository are
identified:

Topical Report III--A third seismic topical report is planned for completion in fiscal year
1998. The DOE intends to conduct and document the probabilistic seismiic hazard
assessment during fiscal year 1997 using the methodology of Topical Report I. Using the
results of the hazard assessment, preclosure seismic design inputs will be developed and
documented in a Seismic Design Report, which is scheduled for the second quarter of fiscal
year 1998. The third top1ca1 report would document the results of both of these efforts for
formal NRC staff review.

- Tt is expected that seismic design inputs will be determined from controlling earthquakes
identified from a disaggregation of the probabilistic seismic hazard results and from a
consideration of deterministic hazard assessments. Disaggregation of the hazard results will
be carried out for hazard exceedance probability levels established in Topical Report I and
for ground motion frequencies of interest. Different earthquakes may control the hazard in
different frequency ranges. Ground motions from the controlling earthquakes will be
evaluated deterministically.

In addition to conducting the probabilistic hazard assessment, the DOE intends to perform
deterministic evaluations of Type I faults and candidate Type I faults that lie within 5 km of
the Yucca Mountain site, including estimations of maximum earthquake magnitudes for the
faults. The DOE intends to evaluate where the hazards from these deterministic evaluations
fall within the probabilistic results. This comparison will provide a check on the
reasonableness of the vibratory ground motion and fault displacement design bases.

l Jump to the Previous, or Next Section
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3.0 DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS
FOR VIBRATORY GROUND MOTION

This section presents and rationalizes the reference exceedance probabilities that the DOE
plans to use in identifying Frequency-Category-1 and -2 design basis vibratory ground
motions. It then discusses the design acceptance criteria that the DOE plans to apply in the
preclosure seismic design of structures, systems and components (SSCs) that are important
to safety. Design acceptance criteria are discussed specifically for SSCs on the ground
surface, for underground openings, and for other underground SSCs.

r Jump to the Previous, or Next Section
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3. THAZARD LEVELS FOR DESIGN BASIS GROUND MOTIONS

In accordance with the recent 10 CFR 60 rulemaking discussed in Section 2.1.1, the DOE
will identify SSCs that are important to (radiological) safety. The DOE procedure for
identifying these SSCs is summarized in Appendix B. The classification process involves
the identification of Frequency-Category-1 and Frequency-Category-2 design basis events
and event-initiated accident scenarios and the calculation of corresponding exposures to
workers and the public. The calculated exposures are compared to regulatory limits, and any
SSC that must continue to function after a design basis event to ensure the exposure limits
are not exceeded is classified as important to safety. No SSCs have yet been classified. Note
that SSCs may be important to safety for both Frequency-Category-1 and Frequency-
Category-2 design basis events. Where this occurs, the most stringent (i.e., Frequency-
Category-2) design basis will apply.

The regulatory definitions of Category-1 and -2 design basis events are qualitative
descriptions of the likelihood of occurrence before permanent closure of the geologic
repository operations area. For use in SSC classification, which requires knowledge of the
design basis events and calculation of radiation exposures, these definitions require
quantitative interpretations. As discussed next, the DOE intends to use mean annual
exceedance probabilities of 1.0E-03 and 1.0E-04, respectively, as reference values in
determining the Frequency-Category-1 and -2 design basis vibratory ground motions. These
reference values will be used in the disaggregation of probabilistic seismic hazard estimates
to identify those earthquakes that control the seismic hazard at the reference probabilities.
The identification of controlling earthquakes and the DOE determination of the design basis
ground motions are planned to be detailed in the third seismic topical report.

3.1.1 Frequency-Category-1 Reference Probability

The DOE intends to use a reference mean annual probability of exceedance of 1.0E-03 in
determining the Frequency-Category-1 design basis ground motion. The DOE considers
that this probability, which corresponds to a 1,000-year return period, represents a
conservative quantitative translation of the qualitative frequency description for Category-1
design basis events in the revised 10 CFR 60, i.e., "events that are reasonably likely to occur
regularly, moderately frequently, or one or more times before permanent closure of the
geologic repository operations area." Assuming a Poisson temporal occurrence model (see
Section 3.3.2.2), events with a 1.0E-03/yr recurrence rate would have an 86 percent chance
of not occurring, a 13 percent chance of occurring once, and a 1 percent chance of occurring
twice in 150 years. For facilities with a 100-year design lifetime, events with this recurrence
rate would have a 90 percent chance of not occurring, a 9 percent chance of occurring once,
and a 0.4 chance of occurring twice.

An annual occurrence rate of 1.0E-03 for Frequency-Category-1 design basis ground
motions are more conservative than what is required by model building codes for ordinary
structures, in terms of the annual probability of occurrence of the design basis earthquake,
and is comparably conservative in terms of the probability of occurrence during the facility
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lifetime. The Uniform Building Code (ICBO 1994) and the National Earthquake Hazards
Reduction Program (BSSC 1995) both recommend using peak ground motion values that
have a 90 percent chance of not being exceeded in 50 years for the life-safety seismic
design of new buildings; this corresponds to a return period of about 500 years. DOE
Standard 1020-94 (DOE 1994b) is not being applied to the mined geologic disposal system
program, but it documents a general DOE policy that a 500-year return period is to be used
in establishing design basis ground motions for general facilities. This return period
corresponds to an annual exceedance probability of about 2.0E-03 and a 90 percent chance
of not occurring during a typical 50-year facility lifetime.

3.1.2 Frequency-Category-2 Reference Probability |

For Frequency-Category-2 design basis ground motion, the DOE intends to use a reference
mean annual exceedance probability of 1.0E-04. The DOE considers that this mean value is
appropriate and conservative based on the observations that (1) it is comparable to the mean
exceedance probabilities of the seismic design bases of operating nuclear power reactors in
the United States, (2) these accepted reactor design bases and their associated design-
acceptance criteria have resulted in acceptably safe seismic designs, (3) design acceptance
criteria will be used in repository design that are the same as or comparable to those used in
reactor designs, and (4) an.operating mined geologic disposal system is inherently less
hazardous and less vulnerable to earthquake-initiated accidents than is an operating nuclear

power reactor.

3.1.2.1 Comparison with Nuclear Power Reactor Seismic Design Bases

In Regulatory Guide 1.165 (NRC 1997) NRC staff states that a reference median annual
exceedance probability of 1.0E-05 will be acceptable for use in determining the safe
shutdown earthquake for new nuclear power reactors. The cited rationale for this reference
probability is that it is the annual probability level such that 50 percent of a set of currently
operating plants (selected by the NRC) has an annual median probability of exceeding the
safe shutdown earthquake that is below this level. In other words, 1.0E-05 is the median of
the distribution of median exceedance probabilities. The selected plants represent relatively
recent designs that used design response spectra in accordance with Regulatory Guide 1.60,
Design Response Spectra for Seismic Design of Nuclear Power Plants (AEC 1973), or
similar spectra. All of the plants selected are located in the central or eastern United States
(CEUS). Regulatory Guide 1.165 provides an option for the applicant to use a different
reference probability, to be reviewed and accepted on a case-by-case basis, considering the
slope of the site-specific hazard curve, the overall uncertainty in hazard estimates, including
differences between mean and median hazard estimates, and knowledge of the seismic
sources that contribute to the hazard.

In developing Regulatory Guide 1.165, NRC staff considered whether to define the
reference probability as a mean or median value. The mean value has the advantage of
better reflecting the uncertainty in the seismic hazard evaluation (i.e., it is sensitive to the
range of interpretations of seismic source zone configurations, earthquake magnitude
recurrence relationships, and ground motion attenuation relationships). However, precisely
because the median is less sensitive to uncertainties, it provides a more stable regulatory
benchmark than does the mean. Another consideration leading to the staff's preference for
the median was the finding that, when median hazard curves were disaggregated, the
magnitudes and distances of the controlling earthquakes tended to be more sharply defined
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and to agree better with the safe shutdown earthquakes of the selected plants than when
mean hazard curves were disaggregated (Bernreuter et al. 1996).

For the reasons discussed next, the DOE plans to use mean, rather than median, target
annual exceedance probabilities in establishing design basis vibratory ground motions.

To identify the earthquakes that control the Frequency-Category-2 design basis ground
motion, the DOE plans to use a mean annual exceedance probability of 1.0E-04. NRC-
sponsored research has shown that a mean value of 1.0E-04 corresponds to a median value
of 1.0E-05 at sites in the CEUS (NRC 1994b). That is, while 1.0E-05 is the median of the
distribution of median exceedance probabilities of the safe shutdown earthquakes of the
more recently designed nuclear power reactors in the CEUS, 1.0E-04 is the median of the
distribution of means. So, 50 percent of the nuclear power reactors in the selected set have
an annual mean probability of exceeding the safe shutdown earthquake that is below this
level. Thus, using a mean value of 1.0E-04 to determine the safe shutdown earthquake for a
new nuclear power reactor in the CEUS would be risk-consistent with using a median value

of 1.0E-05.

In contrast to sites in the CEUS; the equivalency of 1.0E-04 mean and 1.0E-0S median
annual probabilities of exceedance does not generally hold in the western United States and
is not expected to hold at Yucca Mountain. Because the distributions of probabilistic
seismic hazard estimates typically are skewed about the median towards higher probability
levels, mean exceedance probabilities usually are greater than median probabilities, and the
greater the uncertainty (i.e., spread of the distribution of hazard curves), the greater the
difference between the mean and median values. This fact, together with the fact that the
uncertainty in seismic hazard evaluations is almost always greater at CEUS sites than at
western sites, indicates that mean values normally are closer to median values at western
sites than at CEUS sites. Thus, if one were siting a nuclear power reactor at a typical
western U.S. site, choosing a mean annual exceedance probability of 1.0E-04 would be
consistent with the mean hazard levels associated with the seismic design bases of more
recently designed power reactors in the CEUS, but choosing a median annual probability of
1.0E-05 would not be.

As a further check on the reasonableness of using a mean annual exceedance probability of
1.0E-04 as the reference probability for determining the Frequency-Category-2 design basis
ground motion, the DOE compiled published probabilistic seismic hazard estimates for the
sites of nuclear power plants in the western United States. The objective of the compilation
was to determine whether a mean exceedance probability of 1.0E-04/yr is representative of
the accepted seismic design response spectra of these plants, as it is for the more recently
designed power plants in the CEUS. .

Because the shapes of design response spectra rarely match the shapes of uniform hazard
spectra, the probabilities of exceeding design response spectra vary with frequency.
Therefore, an averaging convention is required to associate a single probability of
exceedance with each design response spectrum. To assure comparability of results, this
study used the same convention that was used in the study of CEUS plants (NRC 1994b)
and that is recommended in Regulatory Guide 1.165 (NRC 1997), i.e., the average of the

exceedance probabilities at 5 Hz and 10 Hz!.

Footnote ! There is no tacit assumption here that the S to 10 Hz frequency range is representative of the
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natural frequencies of SSCs in a repository. Repository design response spectra will be developed that cover a
broad frequency range from 0.33 Hz to more than 20 Hz.

The power plants for which information was compiled are the Diablo Canyon Power Plant
(Units 1 and 2)in Port San Luis, California; Palo Verde Nuclear Generating Station
(PVNGS) in Wintersburg, Arizona; San Onofre Nuclear Generating Station (Units 2 and 3)
in Southern California; Washington Nuclear Plant 2 near Hanford, Washington; and
Washington Nuclear Plant 3 at Satsop, Washington. All of these power reactors are
currently operating, with the exception of Washington Nuclear Plant 3, which was only
partially constructed and which has now been canceled. It is included in this analysis
because its seismic design basis was completed and accepted provisionally by NRC staff

(NRC 1991a).

Results of the compilation are presented in Appendix C. As shown there the estimated mean
annual probability of exceeding the safe shutdown earthquake of each western plant is
greater than 1.0E-04/yr, with the single exception of the PVNGS, which is located in a low-
seismic-hazard region. The average mean annual probability of exceeding the safe
shutdown earthquake of each plant is 2.0E-04, which is twice the value of the reference
probability to be used in determining the Frequency-Category-2 design basis ground
motion.

3.1.2.2 Conservatism of the Frequency-Category-2 Reference Probability

As noted earlier, the use of NRC-accepted seismic design bases for nuclear power reactors
as a benchmark for Frequency-Category-2 design basis ground motion is based on the
premise that reactor design bases correspond to acceptable seismic risk levels. The seismic
design bases of all nuclear power reactors operating in the United States have been
reviewed extensively by NRC staff, using standardized review criteria, and all have been
found to satisfy applicable regulatory requirements by NRC licensing boards. In addition, a
substantial body of recently developed information indicates that these plants have adequate
margins of safety against potential accidents and that they have acceptably safe seismic
designs. In June 1991 the NRC requested that its nuclear power reactor licensees perform a
plant-specific Individual Plant Examination of External Events (IPEEE) to identify
vulnerabilities, if any, to earthquakes, fires, winds, floods, and nearby transportation and
other-facﬂlty accidents (NRC 1991b). The IPEEE program corroborated the adequacy of the
seismic design bases of the Nation's operatmg nuclear power reactors. For example, specific
IPEEE findings for operating reactors in the western United States were as follows:

a In the IPEEE study of the Diablo Canyon Power Plant, Pacific Gas and
Electric Company found that the mean core damage frequency due to
external events is about 6.7E-05/yr (PG&E 1994) . The component of
this risk due to earthquake- mmated accident scenarios was estimated to

be 4.0E-05/yr.

= The PVNGS is located in Wintersburg, Arizona, and is operated by the
Arizona Public-Service Company (APS). The PVNGS site is in a region
of low seismic hazard relative to most other regions of the western
United States; the PVINGS horizontal design basis response spectrum is
anchored at 0.25 g peak ground acceleration (APS 1988). Given the
relatively low seismic hazard, APS successfully persuaded NRC staff to
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have the PVNGS review-level earthquake reduced from 0.5 g (NRC
1991b) to 0.3g. APS elected to conduct a seismic margins analysis for the
IPEEE program, rather than a seismic risk assessment. The margins
analysis found that at least one safe-shutdown path exists for a peak
horizontal ground acceleration in excess of 0.3 g (APS 1995).

« The IPEEE study conducted by Southern California Edison (SCE 1995)
for the San Onofre Nuclear Generating Station found that the mean core
damage frequency due to external-event initiators is approximately 3.3E-
05/yr. The component of this risk due to earthquake-initiated accident
scenarios was estimated to be about 1.7E-05/yr.

» In the IPEEE study of the Washington Nuclear Plant 2, the Washington

Public Power Supply System (WPPSS 1995) estimated that the mean

core damage frequency due to external-event initiators is 2.1E-05/yr and

that this risk is dominated by the seismic contribution.
The conservatism of 1.0E-04/yr as a target exceedance probability for the Category-2
design basis ground motion also is based on an assumption that repository design
acceptance criteria will reduce the probability of a severe seismically initiated accident
below the probability of the design basis ground motions by a "risk-reduction" factor that is
comparable to or greater than the factor that is provided by the design acceptance criteria
for power reactors. This assumption itself has two bases. The first basis is that the DOE
intends to use design acceptance criteria that are the same as or comparable to those used in
reactor designs. The DOE has evaluated the NRC standard review plans for the seismic
design of nuclear power reactors and has determined that many of the acceptance criteria
are applicable to the design of repository surface facilities (see Section 3.2). These facilities
are anticipated to include the majority of SSCs important to safety. Acceptance criteria for
underground facilities are detailed in Sections 3.3 and 3.4 of this report. The second basis is
that a repository is inherently less hazardous and less vulnerable to seismic shaking (or fault
displacement) than is an operating nuclear power reactor. As noted by the NRC in the
Section-by-Section Analysis of Section 60.136, Preclosure Controlled Area, in the
Supplementary Information published with the final rule for 10 CFR 60 (61 FR 64257):

"...in comparison with a nuclear power plant, an operating repository is a
- relatively simple facility in which the primary activities are in relation to waste
receipt, handling, storage, and emplacement. A repository does not require the
variety and complexity of systems necessary to support an operating nuclear
power plant. Further, the conditions are not present at a repository to generate a
radioactive source term of a magnitude that, however unlikely, is potentially
capable at a nuclear power plant (e.g., from a postulated loss of coolant event).
As such, the estimated consequences resulting from limited source term
generation at a repository would be correspondingly limited."
In summary, use of a mean annual probability of exceedance of 1.0E-04 as a reference
probability for the Frequency-Category-2 vibratory ground motion is quite conservative.
This probability is comparable to the probabilities of exceeding the accepted seismic design
basés 6f more recently designed operating nuclear power reactors in the CEUS. A
compilation of the mean annual exceedance probabilities of the safe shutdown earthquakes
of nuclear power reactors in the western United States indicates that the average mean
exceedance probability for this set of reactors exceeds 1.0E-04 by about a factor of two. The
" DOE considers that use of this value for the preclosure seismic design of the geologic
repository operations area is very conservative, given that a repository is inherently less
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hazardous and less vulnerable to seismic shaking than is an operating nuclear power reactor.
The seismic safety of the operating power reactors and, by extension, the adequacy of their
seismic design bases, has been confirmed by in-depth, site-specific analyses conducted
under the IPEEE program.

3.1.3 Use of Reference Probabilities in Establishing Design Response Spectra

- The DOE intends to establish design response spectra that correspond to the Frequency-
Category-1 and -2 reference probabilities in a manner similar to that described in.
Regulatory Guide 1.165 (NRC 1997). This is done by first disaggregating the hazard results
to identify the magnitudes and distances of earthquakes that control the hazard at
frequencies of engineering interest. Controlling earthquakes will be identified for both of
the reference mean annual exceedance probabilities, 1.0E-03 (Frequency Category 1) and
1.0E-04 (Frequency Category 2). Site-specific response spectra will be developed for these
controlling earthquakes and will be scaled by the hazard at the reference probability level, at
one or more specified frequencies. Finally, smooth design response spectra will be
developed that envelope the controlling-earthquake response spectra and that provide
sufficient energy over the frequency range of significance to repository SSCs. The details of
this process will be developed as part of the development of the repository seismic design
and will be fully described in the third seismic topical report.

3.1.4 Use of Reference Probabilities for Other Types of Events

The 10 CFR 60.2 defines Category 1 design basis events as "those natural and human-
induced events that are reasonably likely to occur regularly, moderately frequently, or one
or more times before permanent closure of the geologic repository operations area," and
Category 2 design basis events as "other natural and man-induced events that are considered
unlikely, but sufficiently credible to warrant consideration, taking into account the potential
for significant radiological impacts on public health and safety.” The DOE interprets the

~ frequencies of Frequency Category 1 events (using the DOE's terminology) to be one every
100 years for infrastructure systems (ventilation, surface facilities, etc.) and one every 150
years for ground support systems; events with frequencies less than these values but greater
than one every million years are interpreted to be Frequency Category 2 events. This
interpretation is consistent with the NRC's statement (61 FR 64257) that the upper
probability bound for Category 2 design basis events is roughly 1.0E-02 per year and the
lower bound is on the order of 1.0E-06 per year. To ensure conservatism and consistency in
the preclosure repository seismic design, the DOE has adopted lower probability levels for
design basis seismic loads, as noted above (i.e., annual probabilities of 1.0E-03 and 1.0E-04
for Frequency-Category-1 and -2 vibratory ground motions, respectively, and 1.0E-04 and
1.0E-05 for Frequency-Category-1 and -2 fault displacements, respectively).

The reference probabilities proposed here for seismic loads are not intended to be applicable
to other types of design basis external events such as severe winds, fires, or floods, or to
design basis internal events. The probabilities for seismic loads are based on professional
‘practice in seismic design, engineering judgment, and industry-wide experience in the
licensing of nuclear power reactor seismic designs. Other criteria can be expected to apply
to other types of design basis events, considering the degree of uncertainty in characterizing
the frequency and severity of events; the potential consequences of exceeding design basis
events; the incremental cost of increasing the basis for design; the methodology used to
identify the design basis events; and established standards, codes, guidelines, and
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professional practices.
r Jump to the Previous, or Next Section
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Topical Report : Preclosure Seismic Design Methodology for a Geologic Repository at
Yucca Mountain
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APPENDIX C

PROBABILITIES OF EXCEEDING THE SEISMIC DESIGN BASES
OF NUCLEAR POWER PLANTS IN THE WESTERN UNITED STATES

This appendix documents estimated composite mean annual probabilities of exceeding the
accepted seismic design bases of nuclear power plants in the western United States.
Specifically, it documents the exceedance probabilities and seismic design bases of the
Diablo Canyon Power Plant (DCPP), the Palo Verde Nuclear Generating Station (PVNGS) ,
the San Onofre Nuclear Generating Station (SONGS) (Units 2 and 3), the Washington
Nuclear Plant 2 (WNP-2), and the Washington Nuclear Plant 3 (WNP-3). With the
exception of WNP-3, these are currently operating plants whose seismic design bases were
reviewed and accepted by U.S. Nuclear Regulatory Commission (NRC) staff, then
adjudicated and found acceptable by NRC licensing boards. WNP-3 was partially
constructed and then canceled, but its seismic design basis was reviewed and provisionally
accepted by NRC staff. The composite exceedance probability is defined as the arithmetic
average of the probabilities of exceeding the design basis response spectral ordinates at 5
and 10 Hz, for 5% damping. This convention for the composite exceedance probability is
that used by Lawrence Livermore National Laboratory (LLNL) in evaluating the
exceedance probabilities of the seismic design bases of a selected set of nuclear power
reactors in the central and eastern United States (NRC 1994b). The convention is used here

to assure that the results of the compilation can be compared directly to the LLNL resuits!.
Mean, rather than median, probabilities are used for the reasons discussed in Section 3.1.2.1

of this report.

Footnote ! There is no tacit assumption here that the 5-10 Hz frequency range is representative of the natural
frequencies of SSCs in a repository. Repository design response spectra will be developed that account for the
vibratory ground motion hazard over a broad frequency range, 0.33 Hz to 20 Hz.

Plant-specific evaluations are presented in the following sections.

C.1 DIABLO CANYON POWER PLANT

The two units of the DCPP in Port San Luis, California, are operated by the Pacific Gas and
Electric Company (PG&E). PG&E conducted a probabilistic seismic hazard analysis of the
DCPP site under its Long Term Seismic Program (PG&E 1988). Results of this study were
input to the seismic risk assessment that PG&E conducted for the Individual Plant
Examination of External Events (IPEEE) program, described in Section 3.1.2.2 of this
report. The Long Term Seismic Program estimated the probability of exceeding the average
spectral accelerations at the DCPP site over the 3- to 8.5-Hz frequency range. The mean
‘hazard results, taken from the IPEEE report (PG&E 1994) are shown in Figure C-1.

The accepted earthquake for the seismic evaluation of Diablo Canyon Units 1 and 2 is a
postulated magnitude 7.5 event on the Hosgri fault, generating a peak horizontal
acceleration at the site of 0.75 g. Both Blume and Newmark standard design spectral shapes
were "anchored to" this peak acceleration value to provide a basis for evaluating the DCPP
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seismic design, as shown in Figures C-2 and C-3 (PG&E 1985). From these figures, the 3-
to 8.5-Hz (0.12- to 0.33-sec period) average spectral acceleration for 5% damping for both

spectral shapes is approximately 2.0 g.

Referring to Figure C-1, the estimated mean probability of exceeding 2.0 g for the 3- to 8.5-
Hz average spectral acceleration is approximately 1.7E-04/yr. Exceedance probabilities for
the spectral values at S and 10 Hz are not available. However, the calculated average
probability of exceeding the DCPP design spectra at 5 and 10 Hz should differ little from
the calculated probability of exceeding the 3- to 8-Hz average acceleration. Therefore, it is
estimated that the 5-and 10-Hz composite (average) mean exceedance probability for the
DCPP is about 1.7E-04/yr, and it can safely be concluded that it is greater than 1.0E-04/yr.

C.2 PALO YERDE NUCLEAR GENERATING STATION

The PVNGS in Wintersburg, Arizona, is operated by the Arizona Public Service Company
(APS). The PVNGS site is in a region where the seismic hazard is lower than in most other
regions of the western United States, and the free-field horizontal design-basis response
spectrum for the PVNGS is anchored at 0.25-g peak ground acceleration (APS 1988). The
free-field, horizontal-component design response spectra for the PVNGS are shown in
Figure C-4. From this figure, it is estimated the design-basis spectral velocities at 5 Hz and
10 Hz, for 5% damping, are 7.5 in/sec (17.55 cm/sec) and 3.2 in/sec (7.5 cm/sec),

respectively.

Risk Engineering, Inc. (1993), conducted a probabilistic seismic hazard evaluation of the
PVNGS site. The resulting seismic hazard curves for 5-Hz and 10-Hz spectral velocities
(5% damping) are shown in Figures C-5 and C-6. Comparing the design response spectrum
with the hazard curves, it can be seen that the mean probabilities of exceeding the PVNGS
seismic design basis at 5 Hz and 10 Hz are approximately 4.5E-05/yr and 3.2E-05/yr,
respectively. Thus, the composite mean probability of exceeding the design-basis spectrum
at 5 and 10 Hz is 3.8E-05/yr. This low exceedance probability is consistent with the low
seismic hazard at the PVNGS site.

C.3 SAN ONOFRE NUCLEAR GENERATING STATION

The SONGS is located on the Southern California coast, between San Diego and Los
Angeles, and is operated by Southern California Edison (SCE).

To support the IPEEE study, SCE conducted a probabilistic seismic hazard analysis of the
SONGS site. Figure C-7 (SCE 1995) shows mean and fractile seismic hazard curves for the
average spectral acceleration over the frequency band from 1 to 10 Hz, and Table C-1 (SCE
1995) provides the estimated mean and median horizontal spectral accelerations at various
probabilities of exceedance. (The probability value of 1.386E-04/yr in Table C-1 is labeled
"SSE" because it corresponds to the probability of exceeding the safe shutdown earthquake
peak horizontal ground acceleration, 0.67 g.)

The horizontal-component design-basis earthquake for SONGS (Units 2 and 3) is specified
as a smoothed (modified Newmark) response spectrum that is anchored to 0.67 g. This
spectrum, for 5% damping, is plotted in Figure C-8 (modified from SCE 1995). From this
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figure, the design basis spectral accelerations at 5 and 10 Hz are 1.5gand 1.1g,
respectively.

Using the slope of the mean hazard curve in Figure C-7 to interpolate the 5-Hz and 10-Hz
exceedance probabilities provided in Table C-1, it is estimated that the mean probability of
exceeding the SONGS design-basis spectral acceleration value of 1.5 g at 5 Hz is 3.0E-
04/yr. Similarly, it is estimated that the mean probability of exceeding 1.1 g at 10 Hz is also
3.0E-04/yr. Thus, the composnte mean probability of exceeding the SONGS de31gn-ba515
spectrum at 5 and 10 Hz is estimated to be 3.0E-04/yr.

C.4 WASHINGTON NUCLEAR PLANT 2

WNP-2 is located near Hanford, Washington, and is operated by the Washington Public
Power Supply System (WPPSS).

As an input to the IPEEE study for WNP-2, Geomatrix Consultants (1994) conducted a
probabilistic seismic hazard analysis of the site. The resulting mean uniform hazard spectra
(5% damping) are plotted in Figure C-9.

The horizontal-component design basis response spectra for WNP-2 are shown in
Figure C-10, taken from the WNP-2 IPEEE report (WPPSS 1995). From this figure, the
design basis spectral accelerations (5% damping) at 5 Hz and 10 Hz are 0.6 g and 0.4 g,
respectively.

Figure C-9 shows that the return period for 0.6 g spectral acceleration at 5 Hz is about 4500
yr (i.e., the exceedance probability is approximately 2.2E-04/yr). Similarly, the return
period of 0.4 g spectral acceleration at 10 Hz is about 2950 yr, for an exceedance
probability of approximately 3.4 E-04/yr. Taking the average of the two probabilities, the
composite mean exceedance probability is approximately 2.8E-04/yr.

C.5 WASHINGTON NUCLEAR PLANT 3

WNP-3 at Satsop, Washington, was only partially constructed and has now been canceled.
However, it is included in this analysis because its seismic design basis was provisionally
accepted by NRC staff (NRC 1991a). (NRC acceptance was given with the caveat that the
safe shutdown earthquake would be reviewed again should the request for an operating
license be reactivated, in light of any new information that becomes available.)

- Geomatrix Consultants (1988) developed fractile seismic hazard curves for peak horizontal
ground acceleration and spectral accelerations at periods of 0.15, 0.80, and 2.00 seconds.
The hazard curves for peak ground acceleration and 0.15-sec (6.67 Hz) spectral velocities
are shown in Figures C-11 and C-12.

The design basis response spectrum for WNP-3 was a Regulatory Guide 1.60 (AEC 1973)
standard response spectral shape anchored to a peak horizontal ground acceleration of 0.32
g (WPPSS 1982). The Regulatory Guide 1.60 horizontal-component design spectra, scaled
to 1-g horizontal acceleration, are reproduced in Figure C-13 . The peak spectral velocity of
the 5% damped standard spectrum at 6.67 Hz (corresponding to a period of 0.15 sec) is
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close to 30 in/sec. Scaling this value by 0.32 and converting to metric units, 22.5 cm/sec is
obtained for the WNP-3 design basis spectral velocity at 6.67 Hz.

Figure C-11 indicates that the median probability of exceeding 0.32-g peak horizontal
acceleration at the WNP-3 site is about 1.3E-03/yr. Figure C-12 shows that the median
probability of exceeding 22.5 cm/sec peak spectral velocity at 0.15 sec (6.67 Hz) is about
2.2E-04/yr. The median probabilities of exceeding the design-basis spectral velocities at 5
Hz and 10 Hz are expected be close to this value, with the 10-Hz value probably being
higher, given that the exceedance probability appears to increase between 6.67 Hz and the
high frequency that is represented by the peak ground acceleration. In addition, mean values
are expected to be higher than median values. It is concluded, therefore, that the composite
mean probability of exceeding the WNP-3 design basis spectrum at 5 and 10 Hz is greater
than 2.2E-04/yr.

C.6 SUMMARY

Published information was compiled regarding the probabilities of exceeding the NRC-
accepted 5%-damped design response spectra of nuclear power plants in the western United
States. From this information, the composite (arithmetic average) mean probability of
exceeding the design basis spectra at 5 and 10 Hz. was calculated or estimated. Table C-2
summarizes results of the compilation.
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