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2.1. The main objective in site evaluation for nuclear installations in terms of
nuclear safety is to protect the public and the environment from radiological
consequences of radioactive releases due to accidents. Radioactive releases due
to normal operation (i.e. discharges) shall also be considered. In the evaluation
of the suitability of a site for a nuclear installation, the following aspects shall be
considered:

(a) The effects of external events occurring in the region of the particular site
(the external events could be of natural origin or human induced);

(b) The characteristics of the site and its environment that could influence the
transfer to persons and to the environment of radioactive material that has
been released;

{¢) The population density and population distribution and other characteristics
of the external zone n so far as they could affect the possibility of
implementing emergency response actions and the need to evaluate the
risks to individuals and to the population.

2.2, 1f the site evaluation for the three aspects cited indicates or if subsequent
reviews indicate that the site is unacceptable and the deficiencies cannot be
compensated for by design features, measures for site protection or administrative
procedures, the site shall be deemed unsuitable.
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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 mstallation. 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.

- REWHITHIHEEOERICEHLTIEL., BEROFEHAB D OERFIEL. FFC,
AOEMOAO2HBDOEICTONVTEERTHL,
o ANLODEFEFFIEML
o FABNEEER (BF - 1T
. BEEEDIEE @fﬂé/iﬁ (BEHE Zva2 77—

« BEMBRIRIEZHBTESLARINICEMZS=-HDEEMEFELTIEIONHS,
1) g;rasza )R EDEM, 3) FIEEDEKETHD. I-1-L. I =FE DA
yiN LUy

o REHE : BHBEESDIZTDE LS AT FrvF— To
K — « N> N DBEIGE,

o ENFEDEN - REDESR, BENE, KEEDKE,

o FIEZEDFETE X AIMRIRIEIC S 5 Gl



2.8. Inthe dertvation 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 mn 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 nstallations shall be considered
in the assessment, with special emphasis on nuclear mstallations that could
concurrently experience accidents.
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Regulatory Guide 4.7

General Site Suitability Criteria for Nuclear Power Stations
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C. REGULATORY POSITION

1. GEOLOGY AND SEISMOLOGY

Preferred sites are those with a minimal likelihood
of surface or near-surface deformation and a minimal
likelihood of earthquakes on faults in the site vicinity
(within a radius of 8 km (5 miles)). Because of the un-
certainties and difficulties in mitigating the effects of
permanent ground displacement phenomena such as
surface faulting or folding, fault creep, subsidence or
collapse, the NRC staff considers it prudent to selectan
alternative site when the potential for permanent
ground displacement exists at the site.
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2.17. Prelustoric. historical and instrumentally 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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lobal earthquake activity since 1973 and nuclear power plant locations
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Seismic Susceptibility in Global Nuclear Plant Siting
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Fig. 2: Relative total seismic susceptibility of nuclear
plants in various countries.

Japan

Mark Reed

Department of Nuclear Science and Engineering, Massachuseits Institute of Technology

77 Massachusetts Ave., Cambridee, MA, 02139, markreed@mit.edu

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.

separate ways: spherical spreading and cylindrical

spreading.
10%
S sph = E 2

10%
r.

(1)
S =

eyl

Here § is the seismic susceptibility of a single plant, and
the index i represents each recorded earthquake on earth.

P

Fig. 1. Worldwide nuclear plants (green) and all earthquakes from 1973 through 2010 of magnitude at least 7103(red) as
recorded by the U.S. Geological Survey. This will display properly only in color copies.
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NUREG-0800 (NRC Standard Review Plan)
2.5.1 Geologic Characterization Information H\i5

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.

(ATER) Rt HLav(E hEF WEF. SLCANEBICI>TTELEFHICEALT. RELOEE LR
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Table 2.5.3-1

Radius

Summary of Bedrock Faults Mapped Within the 5-Mile VEGP Site

Proximity to

Fault VEGP Site Length Sense Relationship to Evidence for
Name (mi) (mi/lkm) Orientation of Slip Dunbarton Basin Non-Capability
Pen On site >20/>=30 NE SE up, NW border (normal) ab,cd
Branch reverse fault, reactivated as

reverse
Ellenton ~4 ~4/~6.5 NNW E down, Unknown; located NW b.c e

unknown of basin

Steel ~2 >11/>18 NNE NW up, Secondary structure b, c,d
Creek reverse forming horst with Pen

Branch
Upper ~5 >20/>30 NE-NNE Unknown Unknown; located NW b,c f
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

o oW

L R = R

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)
No disruption to base of Coastal Plain section (pre-Cretaceous age) (Stieve and Stephenson 1995)
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Figure 2.5.4-1a COL Site Boring Location Plan
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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 conclusicns 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 multiple 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 H\i5

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 M5

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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Meets:

* 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

E352, E353, E354

* One (1) Per Unit

* All Equipment

* Deployment

* Seismic

» Defense In-Depth

* Spent Fuel Pool Inventory
Control Safety Function
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—

— L351
e LA FE EPARTHENT T2/ * Elevated Water
e = E * Filling

* Spray

* Hydrant
* Rescue
* 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

* 500Ibs 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

U.S. NUCLEAR REGULATORY COMMISSION

STAN DARD REVIEW PLAN
KE (NRC) DIREEEREHI S

2.5.2 VIBRATORY GROUND MOTION

2525 RFNREMICEIT5HEROERERFHE

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.

NRCOBEE (RFV) I, ABORFHREMRICE TS LIED RS, BEFEE. HEDES,
BLUEICEEL-BMGIEEREOMMEED NSV X EERBLESIAL—2aVvDF R (BT
ALOELGZE)DBESICEALTLEEZTOIENET S, TDBEE. UZEULOEEREICDOULT
DEWYELIBERFEEZRDZ =0, +HLEEE T (FEETEHE0) DLIaL—avdifThh Tl
S (AP A=Y (AW Rev.4 (2007438)
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- CDF Per_cen’_c
Initiating Event (per year) Contribution
to CDF

Internal Flooding'® PR &8 i 7K 9.1x10® 35
Small LOCA 5.9x10™

Losp FiMEIRERL 56x10° é\,
Steam Generator Tube Rupture (SGTR) 2.3x10° 9
Turbine Trip with Main Feedwater Available 1.1x10° @/
Intermediate LOCA ~ Z#—E k)T 3.6x10" 1

Main Steamline Break Outside Containment 3.5x107 1
Reactor Vessel Rupture 3.0x10” 1

Very Small LOCA 2.1x107 1

Loss of Main Feedwater 1.9x107 1
Interfacing-systems LOCA (ISLOCA) 1.7x10” 1

Loss of Component Cooling Water (CCW) 1.2x10” 1

Loss of Service Water (SW) 1.2x10”" <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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BEEESADKEICETEIEZS (1)

T5. Protection against design basis events

T5.1 Protection shall be provided for design basis events.*® A protection cr:mlcept81 shall be
established to provide a basis for the design of suitable protection measures.

T5.2 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;

15.3 RETEEBRICHTLMEOMZ(E, LITTHLH L,
(a) BRETHCHEZ EZAA-HEELGRTFIEZ KT H &,

(b) EERRIZEITAIRELRY . EIT/\WOTLEFRIZKS L,
(C) E§n+§$$ﬁi’\0)5'd$$ﬁﬁ7ﬁ\ EQE"E%G)FEE:B%G)&%
HiFETESLDTHS
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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 REMEDEEILHEIL, BEFIKEID . BROBEMND305 LIAIEIRE DX iE%E
ELLEVVNYUILEFERIZE S TEKEDTERIFNIELZLEL  BERORBEND30H5 LLRHISE
EEONGEETHIREICH-OTIE. TOEHELALHSNEITIELESEL, F28

(GX28) HIEZEDEIEICIX, BEZIRELACZERMA-OD+HEHENEZLONDIE,
BEZHREHRIDLAITROONADFGIZDOLTIE., XEILShE=FIEENRHY. 3ol —
A—EF->TEIMMNISETE NITHhAEIFNIEESE, o
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(EURRev.C 200144 F Chapter 2.1 Safety Requirements (Part 1))

6.7.2 Autonomy in respect of Operators

A

BA

BB

If the plant selected parameters exceed setpoints, the Protection System* shall
come into action, providing automatic scram and/or initiation of post-trip cooling.

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

1) The release Targets* of Design Basis Lf:’re-gones 2. 3, and 4 Conditions*
and DEC can be met without Operator* action from the Mam Control
Room* (MCR) in less than 30 minufes from accident immitiation, and no
action outside the MCR in less than 1 hour (from accident imitiation).

2) No site based mobaile light equipment 1s required :

* 1in less than 6 hours from accident imitiation, for Core Damage*
prevention actions in DEC,

« in less than 24 hours from accident imitiation, for containment
performance assurance in DEC,

» 1in less than 72 hours from accident imnitiation, in any DBC.

BREEERER2 3. 4RV, BEFHIEX
EHIZBITHMH BEDZERIL, F
REHENSDESR B CKHIRMEIC
HHOTITIERFREN D305 LA, R
= LA DS IRIEICH > TITLEFE
LA, I&EFELEZNCE,

LT ORRBARIZESNTIX, BTROT]

MT?E%E&L@E#L&L\;&
FIME SR D= D EIZEH >
Tl ERREIS6RFR,

« BMBBROREBIZHOTIL, Tl
D FHE M is24850

. BETHEFEICHHOTIE, BEHD
RENMNST2EE,




B.C

3) No offsite or onsite mobile heavy equipment 15 required in less than 72
hours 1n both DBCs and DECs.

In addition, the Containment System* shall be designed in such a way it can
withstand any of the Severe Accidents* considered m DEC, without Operator*
action during the first 12 hours from the begimnning of the Severe Accident*
conditions. The Designer* should aim at extending this period up to 24 hours.

BHBRBROREIBVTIE. BEE
WD IRY M 1265 H X, Eix 8 DX
MELTH, EQXITBEEHIZHL
T, ChICHAREHEDTHA L,
=ELEREE X, COTHARREZ245F
FICERYTHEZHET L,
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Passive annulus filtration system

AES-92 [

/f‘y‘/j’ﬂ?»ﬂl«@—]

2nd stage hydro accumulators system

15t stage hydro accumulators system
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Core melt spreading area

A7 FYvFr—

Double containment
(ventilation, filtering)

F4INE—Rk

Containment heat
removal system

mRRFEEA
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Emergency cooling water
storage tank (in-containment
refuelling water storage tank)

Safety systems: four-fold redundancy 99
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Additional spreading
zone outside the
vessel pit, also

made thicker Reactor vessel

Transfer channel
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AP1000

Natural convection
air discharge

PCCS gravity drain

Water film evaporation _
Outside cooling . -~ ) -
Intem_al;'congensatlon

Containment— an
natural recirculation

AP1000 Passive Containment Cooling System

18y T HADEMB R DRRE (728

+ 3415 MWt, Primary system

1117 MWe [ - Containment/Shield Building
+ 2-loops, 2 steam gen [

Auxiliary Building

Turbine Building

Fuel Handling Area
(Aux. Bldg.)

Annex Building.

Radwaste
Building

Annex Building

Diesel Generator Building

IVR(In-Vessel Retention) [Z&Y.
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The Westinghouse AP1000
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Y1) —EHFHARER(ESHA799MW) D EFIFAIC. BiEE1EEH#
[CABINhTLAIREEYEOR (FHX. AVER, OO LDAHEE)

Isotope | Activity (Bq) Isotope Activity (Bq) Isotope Activity (Bq)
Kr-85 2.94E+16 Cs-134 4.32E+17 [-131 2.78E+18
Kr-85m 8.07E+17 Cs-136 1.57E+17 [-132 4.08E+18
Kr-87 1.60E+18 Cs-137 3.05E+17 [-133 5.76E+18
Kr-88 2.14E+18 Rb-86 5.36E+15 [-134 0.48E+18
Xe-133 6.07E+18 Rb-88 2.16E+18 [-135 549E+18
Xe-135 1.80E+18 ~ 4
MNbaH
Xe-135m 1.29E+18 B #
B | BSICEEIh SRR Y A (Cs-137)
ST-SBO/TI-SGTR 0.007 2,135TBq
~ . IS-LOCA 0.02 6,100TB
B DaskE .
(FIDABEICH T HHE)
LT-SBO 0.003 8,340TBq
ST-SBO 0.006 16,680TBq
ST-SBO/TI-SGTR 0.009 25,020TBq
IS-LOCA 0.158 439,240TBq o8
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Fission Product Release to the Environment
STSBO + 100% TI-SGTR - No Mitigation

1= 95%
: /-———-—_
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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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Figure 5-126 ISLOCA Fission Product Release to the Environment
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. ERORLFAE L BB R N Efg(ﬁf’f RE
[|] /5 1.0 /
1/100 0.8 ,/
1/1,000 0.6 / EHGH
1/10,000 x 0.4 // —
2 /
1/100,000 0 /
> L/ >
D) BEOFE (X) D) BEOFE  (X) D) BEOHE (K)
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TR LB ([El/4E) ([fR<E) (%)
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RUSNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

Home> NRC Library> Document Collections> Enforcement Documents> Significant Enforcement
Actions> Individuals > TA-05-021

1a-05-0210 - ET TN

April 21, 2005

[A-05-021

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

SUBJECT:ORDER PROHIBITING INVOLVEMENT IN NRC-LICENSED ACTIVITIES

iNRC.‘ SPECIAL INSPECTION REPORT NO. 50-346/2002-08(DRS))
Dear Mr.

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
in 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
you 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



