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2.6. The foreseeable evolution of natural and human-made factors in the region
that could have a bearing on safety shall be evaluated for a time period that
encompasses the projected lifetime of the nuclear installation. These factors. and
in particular population growth and population distribution, shall be monitored
over the lifetime of the nuclear installation. If necessary. appropriate measures
shall be taken to ensure that the overall risk remains acceptably low. There are
three means available to ensure that risks are acceptably low: design features,
measures for site protection (e.g. dykes for flood control) and administrative
procedures. Design features and protective measures are the preferred means of
ensuring that risks are kept acceptably low.
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2.8. Inthe derivation of the hazards associated with external events, consideration
shall be given to the effects of the combination of these hazards with the ambient
conditions (e.g. hydrological. hydrogeological and meteorological conditions).
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2.12. For each proposed site the potential radiological impacts in operational
states and in accident conditions on people in the region, including impacts
that could warrant emergency response actions. shall be evaluated with due
consideration of relevant factors. including population distribution. dietary
habits, uses of land and water. and the radiological impacts of any other releases
of radioactive material in the region.
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2.13A. An assessment shall be made of the feasibility of implementation of
emergency plans. All on-site and collocated installations shall be considered
in the assessment. with special emphasis on nuclear installations that could
concurrently experience accidents.
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2.17. Prehustoric, historical and mstrumentally recorded information and records.
as applicable. of the occurrences and severity of important natural phenomena or
of human induced situations and activities shall be collected for the region and
shall be carefully analysed for reliability. accuracy and completeness.

2.18. Appropriate methods shall be adopted for establishing the hazards
associated with major external phenomena. The methods shall be justified in
terms of being up to date and compatible with the characteristics of the region.
Special consideration shall be given to applicable probabilistic methodologies. It
should be noted that probabilistic hazard curves are generally needed to conduct
probabilistic safety assessments for external events.
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Seismic Susceptibility in Global Nuclear Plant Siting
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INTRODUCTION

In the aftermath of the March 2011 Fukushima
nuclear crisis, there has been much discussion regarding
nuclear plant siting in the context of seismic risk. There is
a worldwide need for new methods to evaluate the extent
of earthquake risk at potential plant sites. In this work, we
attempt to quantify that risk using arguments and
calculations based purely on (1) geography and (2)
seismic history.

Mark Reed

Department of Nuclear Science and Engineering, Massachusetts Institute of Technology
77 Massachusetts Ave., Cambridge, MA, 02139, markreed@mit.edu

separate ways: spherical spreading and cylindrical
spreading.
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Here § is the seismic susceptibility of a single plant, and
the index 7 represents each recorded earthquake on earth.

Jepan

Taiwan

Fig. 2: Relative total seismic susceptibility of nuclear
plants in various countries.
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Fig. 1. Worldwide nuclear plants (green) and all earthquakes from 1973 through 2010 of magnitude at least 713(red) as
recorded by the U.S. Geological Survey. This will display properly only in color copies.
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Figure 2.5.1-3  Regional Geologic Map (200-Mile Radius) 14




NUREG-0800 (NRC Standard Review Plan)
2.5.1 Geologic Characterization Information M5

1. Regional Geology (SAR Section 2.5.1.1)

Requirements of GDC 2 in Appendix A of 10 CFR Part 50, 10 CFR 52.17, 10 CFR 52.79
and 10 CFR 100.23 (c) are met and guidance in RGs 1.206, 1.208 and 4.7 followed for
this area of review if a complete and documented discussion is presented for the geologic
setting, tectonic framework and conditions caused by human activities, that have the
potential to affect the safe siting and design of the plant. This section should contain a
review of regional stratigraphy, lithology, structural geology, geologic and tectonic history,
tectonic features (with emphasis on the Quaternary period), seismology, geomorphology,
paleoseismology, and physiography within the 320 km (200 mi) site region or beyond as
necessary to provide a framework within which significance to safety can be evaluated
concerning geology, seismology, and conditions caused by human activities. Geologic
maps and cross-sections constructed at scales adequate to illustrate relevant regional
features should be included in the application.
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Table 2.5.3-1 Summary of Bedrock Faults Mapped Within the 5-Mile VEGP Site

Radius
Proximity to
Fault VEGP Site Length Sense Relationship to Evidence for
Name (mi) (mi/km) Orientation of Slip Dunbarton Basin Non-Capability
Pen On site >20/>30 NE SE up, NW border (normal) abcd
Branch reverse fault, reactivated as
reverse
Ellenton ~4 ~4/~6.5 NNW E down, Unknown; located NW b,ce
unknown of basin
Steel ~2 >11/>18 NNE NW up, Secondary structure b, cd
Creek reverse forming horst with Pen
Branch
Upper ~H >20/>30 NE-NNE Unknown Unknown; located NW b.e1d
Three of basin
Runs

Note: Fault locations based on Cumbest et al. (1998), Stieve and Stephenson (1995), and work performed as part of
this ESP study

Seismic reflection and borehole data show lack of post-Eocene slip (NUREG-1137-8; Cumbest et al. 2000)
Lack of geomorphic expression

Lack of seismicity associated with fault

Quaternary fluvial terraces of Savannah River overlying projection of fault appear undeformed (Geomatrix 1993)
Fault does not appear in most recent SRS fault maps (Cumbest et al. 1998, 2000) 23
No disruption to base of Coastal Plain section (pre-Cretaceous age) (Stieve and Stephenson 1995)
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¢ PBF I on SRS-T with about
25m offset of pre-Cretacecus baserment
{Cumbest st al.._ 2000)

”

PHF interpreted al shotpoint 245 line 24
(Berkmian, 1991; page 54

PEF interpreted toeither lie SE of Line 3 or p
al shotpoints 820, 880, and/or 840 {end of line}
{Berkman, 1981; page 57)

Highly sheared Triassic
rocks in PBF-8 core suggest
close proximity to PBF

Approximate location of orig inal prcix_ﬂm of
PEF (Snipes ot al. 198%; draft mport figurel)

Bachtel { rench. ——
Location of dissolution-
induced collapse features

Explanation

Possible PBF locations in HRSSR

(Berkman, 1991)

Vogtle seismic refection lines (2006)

SRS seismic reflection lines (SRS GIS)

Waddel et al. (1995) seismic reflection line

MNelson (1989) reprocessing of

porfons of seismic reflection

line from Bechiel (1962)

Shot point locations along Line 2 of

Phase 2 selsmic survey (Henry, 1995)

Location of PBF within shallow Coastal Plain

sediments bracketed "between sholpoints

180 and 280" on Line 2 (Herry, 1995; page 18)

PBF Location “under Savannah River”

{Henry, 1995; page 11)

Top of Biue Bluff Marl

{5 foot contours)

IPBF location at top of basement rock

(Cumbest et al, 2000)

e PBF location (Snipes et al, 199G; Figure 4)

= Approximate location of PBF

. at top of basement rock (this study)

s Locaton of PBF at top of basement rock
determined from Vioglle seismic survey, 2006
(tis study)

Boreholes

e~
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Bechtel!(1984) trench.
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Figure 2.5.3-1 Contorted Bedding in Garbage Trench at VEGP Site »

2.5.3.1.1 Previous VEGP Site Investigations

As described in Section 2.5.1.2.4.1, the Pen Branch fault was first discovered at the SRS in
1989, which initiated investigations at the VEGP site and a series of studies at the SRS.
Investigations at the VEGP site concluded that the fault was not onsite or in close proximity to
Units 1 and 2 (Bechtel 1989). Studies of the Pen Branch fault at the SRS continued through the
1990s, but had still not definitively located the southwestward projection of the fault to the
Georgia side of the Savannah River. As shown in Figures 2.5.1-21, 2.5.1-22, 2.5.1-23 and 2.5.1-
34, projections of the fault into Georgia included locations northwest of the VEGP site (Snipes et
al. 1993a) and directly southeast of the VEGP site (Cumbest et al. 2000).

In light of the data gathered from studies of the Pen Branch fault at the SRS during the 1990s and
recent investigations at the VEGP site, some conclusions of the previous studies regarding the
location of the Pen Branch fault in site studies and the FSAR should be revised. Because the
Pen Branch fault has been located adjacent to the VEGP site and beneath the monocline in the
Blue Bluff Marl, it is now clear that the Pen Branch fault is associated with the monocline (or dip
reversal) and that there is a Tertiary fault within 5 mi of the VEGP site. However, the new
information only alters the past location of the Pen Branch fault. After considerable study, no new
information gathered on the Pen Branch fault has changed the original conclusions of Snipes et
al. (1989) that the youngest strata deformed by the fault are late Eocene and that the fault is not
a capable tectonic source. In fact, recent studies, for this ESP study, have provided additional
lines of evidence to support the non-capable status of the Pen Branch fault, a conclusion that has
been supported in muitiple NRC and DOE reviews (NUREG-1137, NUREG-1137-8, NUREG-
1821).
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NUREG-0800 (NRC Standard Review Plan)
2.5.1 Geologic Characterization Information M5

As part of the review process the staff evaluates the information provided by the applicant
with a focus on Quaternary-aged geologic features. The Quaternary period is defined as
the geologic period that began approximately 2.6 million years ago (Ma) and continues to
the present. Geologic or tectonic features with activity in the Quaternary Period might
indicate a potential for future tectonic activity, whereas older tectonic features generally
lack such potential. As discussed in RG 1.208, a PSHA characterizes seismic potential
through consideration of the historic and geologic record from the Quaternary Period.
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NUREG-0800 (NRC Standard Review Plan)
2.5.3 Surface Deformation H\5

As part of the process for review of potential surface deformation issues, staff evaluates the
technical information provided by the applicant, with a focus on the Quaternary Period. The
Quaternary Period is defined as the geologic period that began approximately 2.6 million years
ago (Ma) and continues to the present. Emphasis is placed on Quaternary-age features
because evidence of surface deformation during the last approximately 2.6 million years
generally indicates a potential for future surface deformation to occur.
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6 Pumps + All Equipment + 12 Trailers + 6 Trucks =

1 Apparatus
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E352, E353, E354

* One (1) Per Unit

* All EQuipment

* Deployment

* Seismic

* Defense In-Depth

* Spent Fuel Pool Inventory
Control Safety Function

Meets:

e FLEX

* 10 CFR 50.54(hh)(2) — B.5.b

* 10CFR50.63 Extended Loss of AC

* 10CFR Appendix R to Part 50 - EQuipment
* UFSAR — Fire Header Decapitation

* NFPA 1901
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L351
* Elevated Water
* Filling
* Spray
* Hydrant
* Rescue
e Light Tower
* SCBA
* Defense In-Depth

Meets:

* FLEX

* 10 CFR 50.54(hh)(2) — Pumping Strategies and Large Fuel Fire Mitigation
* 10CFR50.63 Extended Loss of AC

* 10CFR Appendix R to Part 50 — Fire Equipment

* UFSAR — Fire Header Decapitation

* NFPA 1901
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Nuclear Emergency
Response Vehicle (NERV)

Capabilities:

* 1850gpm pump

* 3000gal water tank

* 400gal foam tank

* 5001lbs of dry chemical
* Defense In-Depth

FLEX: 75’ boom with 4’ piercing nozzle allows for use during spray/fill strategies during
containment and/or spent fuel pool breaches.

Meets:

* SOER 10-1 — Mitigation of Large Transformer Fires.

* 10 CFR 50.54(hh)(2) B.5.b — Mitigation of Large Fuel Fires.

* FLEX

* 10CFR50.63 Extended Loss of AC

* UFSAR — Fire Header Decapitation
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NUREG-0800

e U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
*E (NRC) DIZEBEIRSHHMD

2.5.2 VIBRATORY GROUND MOTION

2.5.2.5 RFAREMICHITHHE RO BT

The staff will review the ground motions developed for each of the controlling
earthquakes. Reference 12 and 13 contain a database of recorded time histories on
rock for both CEUS and WUS. The staff will also review the simulation method (such as
Monte Carlo) used to incorporate the variability in soil depth, shear wave velocities, layer
thicknesses, and strain-dependent dynamic nonlinear material properties at the site. A
sufficient number of simulations should be performed (at least 60) in order to define the
mean and the standard deviation of the site response.
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Initiating Event ous CoF:t!:itl:::::on
(per year) to CDF
—
Internal Flooding® A &P 7K 9.1x10°® 35
Small LOCA 5.9x10° L)\‘
LOSP FRSVEIRIEL 5.6x10° é\,
Steam Generator Tube Rupture (SGTR) 2.3x10°® 9
Turbine Trip with Main Feedwater Available 1.1x10°® CD/
Intermediate LOCA F—E2*FJvT 3.6%10" 1
Main Steamline Break Outside Containment 3.5x10” 1
Reactor Vessel Rupture 3.0x10” 1
Very Small LOCA 2.1x107 1
Loss of Main Feedwater 1.9x10” 1
Interfacing-systems LOCA (ISLOCA) 1.7x107 1
Loss of Component Cooling Water (CCW) 1.2x10” 1
Loss of Service Water (SW) 1.25407 <1
Feedwater Line Breaks 9.8x10° <1
Loss of Direct-Current (dc) Vital Buses 8.0x10® <1
Large LOCA 4.2x10° <1
Main Steamline Break Inside Containment 1.5x10°® <1
Total (internal events)® 2.6x10° 100

60%
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(RESBHMOEFNZRMLTEHIN2014F98248 F1T)

WENRARHWG

Report

WENRA

Safety Reference
Levels for Existing
Reactors

UPDATE IN RELATION TO LESSONS LEARNED FROM TEPCO
FUKUSHIMA DAI-ICHI ACCIDENT

24™ september 2014

I JtEE GBS CEDAMRIED
BEEESADEKEFICEHTLEEZ S (1)

TS. Protection against design basis events

T5.1 Protection shall be provided for design basis events.* A protection con(epts' shall be
established to provide a basis for the design of suitable protection measures.

15.2 The protection concept shall be of sufficient reliability that the fundamental safety
functions are conservatively ensured for any direct and credible indirect effects of the
design basis event.

T5.3  The protection concept shall:
(a) apply reasonable conservatism providing safety margins in the design;
(b) rely primarily on passive measures as far as reasonable practicable;

(c) ensure that measures to cope with a design basis accident remain effective dur-
ing and following a design basis event;

T5.3 REIEEBRICHTIHEBEOBMZEL. LT THS L,
() BEHREEZEZRS-OEELRTEETMEKT 58,

(b) EEMICEITAIRERRY ., EIT/NYIITEFERICKSBZE,
(OB REEHRADOHICFEN, RHABROMEZTDEL

HRTEDIDTHS.

93

Ny Jthe BIRE (LK D AMIRIEDBURSADEKFIZETHEZA (2)

E9. Design of safety functions

General

E9.1 The fail-safe principle shall be considered in the design of systems and components
important to safety.

E9.2  Afailure in a system intended for normal operation shall not affect a safety function.

E9.3  Activations and control of the safety functions shall be automated or accomplished by
passive means such that operator action is not necessary within 30 minutes of the ini-
tiating event. Any operator actions required by the design within 30 minutes of the in-
itiating event shall be justified.”

E9.4 The reliability of the systems shall be achieved by an appropriate choice of measures
including the use of proven components™, redundancy, diversity®, physical and func-
tional separation and isolation.

E9.5 For sites with multiple units, appropriate independence between them shall be en-
sured.™

% The control room staff has to be given sufficient time to understand the situation and take the correct actions.
Operator actions required by the design within 30 min after the initiating event have to be justified and sup-
ported by clear documented procedures that are regularly exercised in a full scope simulator.

E9.3 REMEEDEENLFIHIL, HENZKDH ., BRDREEHN D305 LIRS EE B DX ILE
BELEWW YL TLEFRICE>TEB D THEITAIEGLHE, BEROFELEN D307 LINISE

REONGEETHRICHoTIL, ZOE SEALHENEHRIEESL, 20

(;¥28) FHEDELZRICIT, FRZEELHBZEMS-HD+2EEMNEALNSIE,
BRELEEI0DLANIZKRO 5N SR IEIZDONTIE, XELSh-FIEELHY., 3al—

A—ZFOTERMISEE SN TOALITIEESEL,
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E=HRIFOREICEFTHTSUIBE D BB HICHT HBRDHYA

(EURRev. C 20015E4F Chapter 2.1 Safety Requirements (Part 1))

Al 6.7.2 Autonomy in respect of Operators

A If the plant selected parameters exceed setpoints, the Protection System* shall
come mnto action, providing automatic scram and/or imtiation of post-tnip cooling.

B The plant shall be designed in such a way it meets the following autonomy
objectives :

B.AA 1) The release Targets* of Design Basis Categonies 2, 3, and 4 Conditions*
and DEC can be met without Operator* action from the Main Control
Room* (MCR) in less than 30 minutes from accident initiation. and no
action outside the MCR 1n less than 1 hour (from accident initiation).

BB 2) No site based mobile light equipment 1s required :

in less than 6 hours from accident mitiation, for Core Damage*
prevention actions in DEC,
in less than 24 hours from accident imtation, for contamnment
performance assurance i DEC,

= 1n less than 72 hours from accident imtiation, 1n any DBC.

RETEEER2 3. 4RV, FEHEX
FHIZTBITAHMHBEDZERIE., &
REIHENSDBIRE [TKHIRMEIC
HHOTIITBHFEEND305 LA, R
HIEIZE LA VS IR 1B 128 > TIX 1B
LIA. ERFELELCE,

qu)E#FHEJW(‘ZBL\'CIi FTROF
b“'L.\?EfEBﬁJJ:@T'&)U)?TTC\( H"
Tl BHREID6EFHE,

« BNBRBOREIZHOTIE, EH
DFREMN 2455,

o BHEEZEHICHLTIX. ETHD
REDI D728/,
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B.C 3) No offsite or onsite mobile heavy equipment 1s required in less than 72
hours in both DBCs and DECs.

& In addition, the Contamnment System* shall be designed mn such a way 1t can
withstand any of the Severe Accidents* considered mn DEC, without Operator*
action dunng the first 12 hours from the begimming of the Severe Accident*
conditions. The Designer* should aim at extending this period up to 24 hours.

BMBRBOEEHHL\TIE, BEESE
HMDIRY M S12857 1. BEE A O *t it
MNECTH, EDQKSTBEEFEHITHTL
TH,. CNIZHA/EIELDTHH L,
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Figure 5-71  The unmitigated 100% TI-SGTR short-term station blackout environmental
release history of all fission products
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FUSNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Home> NRC Library> Document Collections™> Enforcement Documents> Significant Enforcement
Actions™ Individuals > [A-05-021

1a-05-0210 - I ETTINE

April 21, 2005

[A-05-021

[Home Address Deleted
Under 10 CFR 2.390(a)]

SUBJECT:ORDER PROHIBITING INVOLVEMENT IN NRC-LICENSED ACTIVITIES
(NRC SPECIAL INSPECTION REPORT NO. 50-346/2002-08(DRS))

The enclosed Order Prohibiting Involvement in U.S. Nuclear Regulatory Commission (NRC)
Licensed Activities (Order) 1s being 1ssued because you engaged in deliberate misconduct as defined
i 10 CFR 50.5, causing the FirstEnergy Nuclear Operating Company (FENOC) to be 1n violation of
10 CFR 50.9 at the Davis-Besse Nuclear Power Station. The incomplete and inaccurate information
vou deliberately provided concerned the description of the efforts and results associated with removal
of boric acid deposits from the reactor pressure vessel head and was a significant contributing factor
to FENOC's decision to return the reactor to power on May 18, 2000, with reactor coolant system
leakage. Davis-Besse Station Technical Specification 3.4.6.2.a prohibits operation of the Davis-Besse
Nuclear Power Station with

any reactor coolant system pressure boundary leakage. The matter was investigated by the NRC’s
Office of Investigations (OI) and the results were documented in OI Report No. 3-2002-006. The OI
mvestigation results were provided to the U.S. Department of Justice (DOJ) for its review. 120




