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PETITION FOR RULEMAKING

This Petition for Rulemaking is submitted pursuant to 10 CFR 2.802, "Petition for Rulemaking,"
by the Foundation for Resilient Societidhe Petitioner requests that the U.S. Nuclear
Regulatory Commission (NRC), following pubhotice opportunity for commentand public
hearing adopt regulations that would require facilities licensed by the NRC under 10&FR P

50 to assure lontermcoolingandunattendedvatermakeupof spent fuepools.
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1 STATEMENT OF PETITIONER'S INTEREST

Petitioner is an associationtin the United States, has an interest in the health and safety of its
citizens, and has a further interest in large land areas of the United States not becoming
contaminated with nucleaadiationand thereforebeinguninhabitable for hundreds of years.
Petitioner has no financial interest in any companies providing backup power systems.

2 SUMMARY OF CURRENT SITUATION

Spent fuel pools are currently usechlh operatinghuclear power plantguelrods continue to
generate substantial heat after remow@infthe reactor core, necessitating active cooling in
water poolsThere are 104 nuclear power reactors operating in the United Statestas & 31
statesEach site has one or mapent fuel poa Spent fuel contains a number of radioactive
elementgesulting from fission within the reactor core, the most §icant beingRuthenium
106 with a haHife of one year an€esium137with a halflife of 30 yearsShould spent fuel
rods become uncovered by water, the zirconium cladding obttisewould atch fireunder
some circumstances

While there are mujle scenarios that could causecoveringof spent fuel rods and resiudt
zirconium fire, for the purposes of this Petition, the most signifiseemarias longterm loss of
outside power supjgd by the commercial electric gri@urrent design basfer nuclear power
plants and associated spent fuel pools assume reliable and quickly restored commercial grid
power. In the event of a lortgrm loss of commercial grid power, extending beyond atiman

is likely that water in spent & pools would heat up and baif, fuel rods would become
uncovered by water, zirconium claddiwguld catch fire, andarge amounts adangerous
radionuclidesvould be released into the atmosphere.

In October2010Oa k Ri dge Nat i on a ElectromégoeticaPulserEjfects |l e a s e d

the U.S. PowerGrido0 a series of comprehensive techni

Regubktory Commission (FERC) in joint sponsorship with the Department of Energy and the
Department of Homeland Securifjhe information in the Oak Ridge reports is new and
significant informationThese reports discloseat the commercial power grids in twardge
areas of the continental United States are vulnerable to severe sptuwr widee reports
concludethat solar activityandresultinglargeearthboundCoronalMass Ejection (CME)
occurring on average once ey@ne hundred years, would inducgeomgnetic disturbance
and causeollapse of the commercial gath thesevulnerableareas. Excess heat from induced
currents in transmission lines would permanently darapgeoximately350extra high voltage
transformersThe replacement lead time for exhigh voltage transformers is approximatelg 1
years. As a resulgbout twethirds of niclear power plarstand treir associated spent fuel pools
would likely bewithout commercial grid power for a period oRlyears.

Extreme value theory is commonlyagsto gauge the probability of 1-9@ar floods and other
natural disasters that occur infrequently but whose probability can be estimated by the
occurrence of smaller and more common events. When extrdugethiaory is applied to the
one-in-onehundredyear frequency supplied by tli@ak Ridge National Laboratory, the
resulting probability of longerm loss of outside power is @3over the standard 4@ar
licensure term for nuclear power plants and associated spent fuel pools.

ca


http://www.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Executive_Summary.pdf
http://www.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Executive_Summary.pdf

Loss of outside powewith probability of 1% per year anduration of1-2 years far exeeds the
current design basfsr nuclear power plants and associated spent fuel pools. Accordingly, the
NRC shouldadjustthe design basi®r nuclear power plants and associated spent fuel pmols
minimize risk andavoid potentialradiationfatalities. This Petition proposes requirements for
unattendedpent fuel pootooling at nuclear power plants in lighttbfs new and significant
information provided by Oak Ridge National Laboratory.

3 PREMOUS RELATED PETITIONS FOR RULEMAKING

Three previous petitions for rulemaking have been submitted on the subjects of spent fuel pools,
electromagnetic pulse, and letgrm commercial power grid outagell Af these petitions were
denied. None of these pidhs addressed the fundamt@ issue raised in the currdPetitiord

the issue of longerm commercial grid outage caused by severe space weather atidgesul
geomagnetic disturbance.

In 1982,Petitions for Rulemaking PRM¥0-32, 32A, and 32B were filedyoOhio Citizens for

Responsible Energy, et. dlhese pations concernea highaltitude nuclear weapon detonation

causing a large electromagnetic pulse (EMP). This pulse could induce large currents and voltages

in electrical systemda auclear power plas andmight causeequipment failures. Likéhe issues

raised in theurrentPetition, the issues of petitions PRI-32, 32A, and 32B could affect

many plants simultaneousliyn response to the patihs, Sandia National Laboratories

conduct e dnteactienofiE@orromagnétic Pulse with Commercial Nuclear Power Plant
Systems, 0 -NUREG/FerRbruary 1983). The analysis i
systems required for safe s kantiudledthathiedding t he nuc
provided by reactor buildings, as well as the inherent resiliency of equipment, would prevent
damage.

The safe shutdown analysis for PRB@-32/32A/32B covered onlythesna | | ed fdAear |l y 1t
(E1) pulse from EMP and did not addressthesn|l | ed fAimagmamiobypwunloseodo ( a
commonly referred to as the AE30 or | ong pul s
functionally equivalent to the pulse that would be caused by severe space weather and resulting
geomagnetic disturbance. It is notable that the authdhe Gandia report were aware of the

potential for magnetohydrodynamic pulse to induce currents in electrical transmission lines,

although in 1983 it was not well understood that the induced currents could also permanently
damage high voltage transformers

It is known that the magnetohyrodynamic (MHD) EMPO which follows the early time HEMP can
persist for tens to hundreds of seconds with peak electric field intensities of 10 to 100 V/km over
large areas. It was concluded that the low-frequency currents induced by an MHD-EMP on the
transmission line would be conducted to ground via the wye-connected secondary of the main
transformer. Also, because of the inherent dc isolation of the delta connected primary of this
transformer, the dc components would be blocked and not coupled into the plant. The response
would most likely be disconnection of the transformer from the grid. This would not affect the safe
shutdown capability so the MHD-EMP was not considered further in this study.

Significantly, the Sandiasdy did not address the issue of magnetohydrodynamic pulse causing
long-term commercial grid outage.



In 1998,Nuclear Information and Resource Service (NIRSY a petition for rulemaking
(PRM-50-66) requestinghattheNRC amend its regulations to tecg licensees of operating
nuclear power plant facilities tnake emergency plans to cope wittmputesrelated failure
resulting from therear 2000 (Y2K) issudncluding longterm failure ofcommercial power

grids. The petition requested that the NR&juire longterm backup sources of electric power at
nuclear power plants, including wind, solar, or hydroelectric. A principal reason for the denial of
the petition was a determination by the North American Electric Reliability Corporation (NERC)
that theNorth American power grids were unlikely to fail because of the Y2K issue. Notably,
NERC has never made a determination that severe space weather and resulting geomagnetic
disturbance are unlikely to cause grid faildres fact, NERC has specifically idefied

geomagnetic disturbance as a potential figpact event for the North American power grids.

In November 2006the Massachusetts Attorney General filed a Petition for Rulemaking
regarding the safety of spent fuel pools urmerditions of highdensty storage, docketed as
PRM-51-10. The California Attorney General filed a similar Petition for Rulemaking, docketed
as PRM51-12. Because of the similarities in PRB4-10 and PRM51-12, the NRC evaluated

the two petitions together. These petitions retpeethat the NRC consider the environmental
impacts of zirconium fires in spent fuel pools resulting from accidents or malicious acts, such as
terrorist attack Notably, the issue of lorgerm loss of commercial grid power was not

addressed in either didgse petitions. The denial of the petitions by the NRC asserted that the
risk of spent fuel pool fires is low, principally because of redundant safety systems that are
dependent on commercial grid power and/or outside assistance to the nuclear power plant.

4 SPECIFIC ISSUES FOR SPENT FUEL POOLS

4.1 Risk of Spent Fuel Pools

Spent fuel pools have long been recognized by the NRC as a risk. In order to prevent overheating
and boitoff of water in spent fuel pools, active cooling and/or continual replenishrhesstter

is requiredNuclear power plants haveenoperatedor many years without ofite repositories

for spent fuelWith each reactor refuelingpentfuel has been added waterpools with limited
capacity. Originally, these pools were designed temporary storage until spent fueld cooled
sufficiently for ransportoff-site The typical spent fugdool now containsl0-30 years ofuel

stored inhigh density rackthat were not part of the origingbol designSpent fuel pools are in
industriatdesign buildings thatent to the atmosphere and do not provide radiation containment.

NUREG-1353 fiResolution of Generic Safety Issues: Issue 82: BeyosthB@&asis Accidents
in Spent Fuel PooldRev. 3) (NUREG0933, Main Report with Supplements3l3 ) 6 summar i z
current spent fuel storage practices dretisk of radiation release to the atmosphere

A typical spent fuel storage pool with high density storage racks can hold roughly five times the
fuel in the core. However, since reloads typically discharge one third of a core, much of the spent
fuel stored in the pool will have had considerable decay time. This reduces the radioactive
inventory somewhat. More importantly, after roughly three years of storage, spent fuel can be air-
cooled, i.e., such fuel need not be submerged to prevent melting. (Submersion is still desirable for
shielding and to reduce airborne activity, however.)

If the pool were to be drained of water, the discharged fuel from the previous two refuelings would
still be "fresh" enough to melt under decay heat. However, the zircaloy cladding of this fuel could
be ignited during the heatup.>*® The resulting fire, in a pool equipped with high density storage


http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/082r3.html
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/082r3.html
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/reference/0543.html

racks, would probably spread to most or all of the fuel in the pool. The heat of combustion, in
combination with decay heat, would certainly release considerable gap activity from the fuel and
would probably drive "borderline aged" fuel into a molten condition. Moreover, if the fire becomes
oxygen-starved (quite probable for a fire located in the bottom of a pit such as this), the hot
zirconium would rob oxygen from the uranium dioxide fuel, forming a liquid mixture of metallic
uranium, zirconium, oxidized zirconium, and dissolved uranium dioxide. This would cause a
release of fission products from the fuel matrix quite comparable to that of molten fuel.** In
addition, although confined, spent fuel pools are almost always located outside of the primary
containment. Thus, release to the atmosphere is more likely than for comparable accidents
involving the reactor core.

NRC alsoexamined tb risk of spent fuel poois NUREG-1738,"Technical Study of Spent

Fuel Pool Accident Risk at Decommissioning Mae Power Plants," February 200his study
calculated the length of time between cessation of active coolingateduncovering of spent
fuel rods. This timevaries from 4 to 22 days, depending on reactor design and age of fuel.

Analyses were performed to evaluate the thermal-hydraulic characteristics of spent fuel stored in
the spent fuel pools (SFPs) of decommissioning plants and determine the time available for plant
operators to take actions to prevent a zirconium fire. These are discussed in Appendix 1A. The
focus was the time available before fuel uncovery and the time available before the zirconium
ignites after fuel uncovery. These times were utilized in performing the risk assessment discussed
in Section 3.

To establish the times available before fuel uncovery, calculations were performed to determine
the time to heat the SFP coolant to a point of boiling and then boil the coolant down to 3 feet
above the top of the fuel. As can be seen in Table 2.1 below, the time available to take actions
before any fuel uncovery is 100 hours or more for an SFP in which pressurized-water reactor
(PWR) fuel has decayed at least 60 days.

Table 2.1 Time to Heatup and Boiloff SFP Inventory Down to 3 Feet Above Top of Fuel

(60 GWD/MTU)
DECAY TIME PWR BWR
60 days 100 hours (>4 days) 145 hours {>6 days)
1 year 195 hours (=8 days) 253 hours (=10 days)
2 years 272 hours (=11 days) 337 hours (=14 days)
5 years 400 hours (=16 days) 459 hours (=19 days)
10 years 476 hours (>19 days) 532 hours (=22 days)

NUREG-1738 identifiel nineevents that could cause uncovering of spent fuel and resulting
zirconium cladding fires:

The staff identified nine initiating event categories to investigate as part of the quantitative
assessment on SFP risk:

1. Loss of offsite power from plant centered and grid-related events
2. Loss of offsite power from events initiated by severe weather
3. Internal fire

4. Loss of pool cooling

5. Loss of coolant inventory


http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/reference/0545.html

6. Seismic event
7. Cask drop

8. Aircraft impact
9. Tornado missile

(Emphasis not in original.)

A National Research Council of the National Academies of Scsatse aithored a report on

spent fuel pools.Safety and Security of Commercial Spent Nuclear Fuel Stoveas

developed at the request of the U.S. Congress with sponsorship from the NRC and Department

of Homeland Security and reksad in ®05. While theNational Research Councéport focused

on the risk of uncovered spent fuel due to terrorist attack, many of its findings are also applicable
to other event s t {ofgpoolcwoou |adn troe sdlatiermaldReseaoeh Tl hoes s
Courcil report confirnedthe lossof-poolcoolant scenario as described in kheclear

Regulatory Commission repofffechnical Study of Spent Fuel Pool Accident Risk at
Decommissioning Nuclear Power Plahts

A terrorist attack that either disrupted the cooling system for the spent fuel pool or damaged or
collapsed the pool itself could potentially lead to a loss-of-pool-coolant event. The cooling system
could be disrupted by disabling or damaging the system that circulates water from the pool to
heat exchangers to remove decay heat. This system would not likely be a primary target of a
terrorist attack, but it could be damaged as the result of an attack on the spent fuel pool or other
targets at the plant (e.qg., the power for the pumps could be interrupted). The loss of cooling
capacity would be of much greater concern were it to occur during or shortly after a reactor
offloading operation, because the pool would contain a large amount of high decay-heat fuel.

The consequences of a damaged cooling system would be quite predictable: The temperature of
the pool water would rise until the pool began to boil. Steam produced by boiling would carry
away heat, and the steam would cool as it expanded into the open space above the pool.13
Boiling would slowly consume the water in the pool, and if no additional water were added the
pool level would drop. It would likely take several days of continuous boiling to uncover the fuel.
Unless physical access to the pool were completely restricted (e.g., by high radiation fields or
debris), there would likely be sufficient time to bring in auxiliary water supplies to keep the water
level in the pool at safe levels until the cooling system could be repaired. This conclusion
presumes, of course, that technical means, trained workers, and a sufficient water supply were
available to implement such measures. The Nuclear Regulatory Commission requires that
alternative sources of waterbeide nt i fi ed and available as an el ement
license.

4.2 Cooling Systems for Spent Fuel Pools

NUREG-1738,"Technical Study of Spent Fuel Pool Accident Risk at Decommissionintpaluc
Power Plant$ containsa diagramand descriptiof atypical spent fuel cooling system.


http://www.nap.edu/openbook.php?record_id=11263&page=R1
http://books.nap.edu/openbook.php?record_id=11263&page=48#p2000e2968960048001

Figure 2.1 Simplified Diagram of Spent Fuel Pool Cooling and Inventory Makeup Systems
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Figure 2.1 is a simplified drawing of the system assumed for the development of the model. The
spent fuel pool cooling (SFPC) system is located in the SFP area and consists of motor-driven
pumps, a heat exchanger, an ultimate heat sink, a makeup tank, filtration system and isolation
valves. Suction is taken via one of the two pumps on the primary side from the SFP and is
passed through the heat exchanger and returned back to the pool. One of the two pumps on the
secondary side rejects the heat to the ultimate heat sink. A small amount of water is diverted to
the filtration process and is returned to the discharge line. A regular makeup system supplements
the small losses because of evaporation. In the case of prolonged loss of SFPC system or loss of
inventory events, the inventory in the pool can be made up using the firewater system. There are
two firewater pumps, one motor-driven (electric) and the other diesel-driven, which provide
firewater throughout the plant. A firewater hose station is provided in the SFP area. The firewater
pumps are assumed to be located in a separate structure.

As described in the NUREG738 pumpsto provide ative cooling ofthespent fuel pooare
powered byelectricmotors Without a ©ntinualsource ofalternatingelectriccurrent the motors
would stop poweringhe circulation pumps and active cooling would cease.



As shown in Figure 2.1 of NUREG®738, alternatgystems exist to provide makeup water

should active coolingy water ciralationceasé specifically, electrially-driven and diesel

driven pumps. In theory, as long as electricity @sdl fuel is available, andakeup water

pumps do not mechanically break down, and operators as#eoto maitor the water level and
startup the pumps, and the makeup water reservoir contains water, water could be added to the
spent fuel poolsAdding makeup water would keep the temperature of the spent fuel rods at or
below the boiling point of watgd.00 degrees Celsiysyhich is substardily below te ignition

point for zirconium (900 degrees Celsius).

To summarize, active cooling systems for spent fuel pools are primarily dependent on a
continual supply of electric power. While diesklven pumpdor makeup watecan be used as a
stop@p measurgrhen electric power is not availabt@eir continuing useould requirediesel
fuel andhumanoperator attentian

4.3 Alternating Current Power Sources for Nucle ar Power Plants and Spent
Fuel Pools

Designbasisfor nuclear power plantnd assoated spent fuel pookpecify three levels of
alternating current power sources:

1. Offsite power, also known as theommercialgrid"
2. Onste power, also known as emergency backup generation
3. Alternateacsources

10 CFR Part 50.63L0ss of all alternating current pow&fcommonly referred to as the Station
Blackout rule)specifiesthe critical role of reliabland quickly restoredffsite power, also
comnonly referred to &"commercial grid' in nucleampower plant design basis

§ 50.63 Loss of all alternating current power.

(@) Requirements . (1) Each light -water -cooled nuclear power plant licensed to operate under
this part, each light -water -cooled nucle ar power plant licensed under subpart C of 10 CFR part
52 after the Commission makes the finding under § 52.103(g) of this chapter, and each design

for a light -water -cooled nuclear power plant approved under a standard design approval,
standard design cert ification, and manufacturing license under part 52 of this chapter must be
able to withstand for a specified duration and recover from a station blackout as defined in 8

50.2. The specified station blackout duration shall be based on the following factors:

(i) The redundancy of the onsite emergency ac power sources;
(ii) The reliability of the onsite emergency ac power sources;
(i) The expected frequency of loss of offsite power; and

(iv) The probable time needed to restore offsite power.

Because off$e electric power is thdesigneddefaultpower source for nuclear power plants, it is
required to be supplied in a higéliability, dualcircuit configuration Apperdix A to Part 56-
General Design Criteria for Nuclear Power Réadescribes the importance of reliable offsite
power for the maintenance of vital safety functions:



http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-0063.html
http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-appa.html
http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-appa.html

Electric power from the transmission network to the onsite electric distribution system shall be
supplied by two physically independent circuits (not necessarily on separate rights of way)
designed and located so as to minimize to the extent practical the likelihood of their simultaneous
failure under operating and postulated accident and environmental conditions. A switchyard
common to both circuits is acceptable. Each of these circuits shall be designed to be available in
sufficient time following a loss of all onsite alternating current power supplies and the other offsite
electric power circuit, to assure that specified acceptable fuel design limits and design conditions
of the reactor coolant pressure boundary are not exceeded. One of these circuits shall be
designed to be available within a few seconds following a loss-of-coolant accident to assure that
core cooling, containment integrity, and other vital safety functions are maintained.

In the event of failure of electric power from the redundant transmission network circuits, also
commonly referred to as "grid powertietfirst level ofbackup § onsite alternating current

power. Onsite alternating current power is commonly suppleeimergeng diesel generators
asdescribedn RegulatoryGuide 1.9, Application and Testing of Safefyelated Diesel
Generators in Nuclear Power Plants

10 CFR 50.63, fALoss of AlIl Alternat-wategcodeddr r ent Powe
nuclear power plant must be able to withstand and recover from a station blackout [i.e., loss of

offsite and onsite emergency alternating current (ac) power systems] for a specified duration. The

reliability of onsite ac power sources is one of the main factors contributing to the risk of core melt

asaresul t of a station blackoutéMost onsite electric g
chosen onsite emergency power source.

(Ellipses not in original document.)
The typicalonsitestorage of diesel fuébr emergency generatasssufficient foronly seven

days of ontinuous operation as describedRC Regulatory Guide 1.137¢UelQil Systems for
Standy Diesel Generatots

c. Section 5.4, "Calculation of Fuel Oil Storage Requirements," of the standard sets forth two
methods for the calculation of fuel-oil storage requirements. These two methods are

(1) calculations based on the assumption that the diesel generator operates continuously for
7 days at its rated capacity, and (2) calculations based on the time-dependent loads of the
diesel generator. For the time-dependent load method, the minimum required capacity should
include the capacity to power the engineered safety features.

(Emphasis not in original.)

Should both offsitgrid powerand onsite emergency poweom diesel generatotse lost, the
nuclear power plant would enter a station blackout condition. NRC Regulatory Guide 1.155,
ASt atac bouBO theexpeated dueaton of station blackouts in current design criteria.
Required capability to withstantsion blackoutss limited to onlyl6 hours:

The term "station blackout" refers to the complete loss of alternating current electric power to the
essential and nonessential switchgear buses in a nuclear power plant. Station blackout therefore
involves the loss of offsite power concurrent with turbine trip and failure of the onsite emergency
ac power system, but not the loss of available ac power to buses fed by station batteries through
inverters or the loss of power from "alternate ac sources." Station blackout and alternate ac
source are defined in § 50.2. Because many safety systems required for reactor core decay heat
removal and containment heat removal are dependent on ac power, the consequences of a
station blackout could be severe. In the event of a station blackout, the capability to cool the
reactor core would be dependent on the availability of systems that do not require ac power from
the essential and nonessential switchgear buses and on the ability to restore ac power in a timely
manner.


http://www.nrc.gov/reading-rm/doc-collections/reg-guides/power-reactors/rg/01-009/01-009.pdf
http://www.nrc.gov/reading-rm/doc-collections/reg-guides/power-reactors/rg/01-009/01-009.pdf
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http://adamswebsearch2.nrc.gov/idmws/DocContent.dll?library=PU_ADAMS%5epbntad01&LogonID=070e8ea46cec381d17a9921b7a64fca0&id=003957234

The concern about station blackout arose because of the accumulated experience
regarding the reliability of ac power supplies. Many operating plants have experienced a
total loss of offsite electric power, and more occurrences are expected in the future. In
almost every one of these loss-of-offsite-power events, the onsite emergency ac power supplies
have been available immediately to supply the power needed by vital safety equipment. However,
in some instances, one of the redundant emergency ac power supplies has been unavailable. In
a few cases there has been a complete loss of ac power, but during these events ac power was
restored in a short time without any serious consequences. In addition, there have been
numerous instances when emergency diesel generators have failed to start and run in response
to tests conducted at operating plants.

Based on 8§ 50.63, all licensees and applicants are required to assess the capability of their plants
to maintain adequate core cooling and appropriate containment integrity during a station blackout
and to have procedures to cope with such an event. This guide presents a method acceptable to
the NRC staff for determining the specified duration for which a plant should be able to withstand
a station blackout in accordance with these requirements. The application of this method
results in selecting a minimum acceptable station blackout duration capability from 2 to 16
hours, depending on a comparison of the plant's characteristics with those factors that have
been identified as significantly affecting the risk from station blackout. These factors include
redundancy of the onsite emergency ac power system (ie., the number of diesel generators
available for decay heat removal minus the number needed for decay heat removal), the reliability
of onsite emergency ac power sources (e.g., diesel generators), the frequency of loss of offsite
power, and the probable time to restore offsite power.

(Emphasis not in original.)

5 PROPOSED AMENDMENT TO 10 CFR PART 50

Petitioner requests that 10 CFR Part 50 be amended because the North Acoenicencial

grids are vulnerable to outage caused by sevamespeather sucsCoronal Mass Ejection

and resulting geomagnetigsturbanceand therefore cannot be relied on to prodidstinual

power for active coling and/or watemakeupof spent fuel poolsVioreover, existing means of
onsitebackup power are designed tceogtefor only a few days, while spent fuel requires active
cooling for several years after removal from the reactor core.

NRC should require all Part $i@ensees as of January 1, 3@ meet thessuggested
requirements:

Licensees shall provide reliable emergency systems to provide long-term cooling and water
makeup for spent fuel pools using only on-site power sources. These emergency systems shall
be able to operate for a period of two years without human operator intervention and without off-
site fuel resupply. Backup power systems for spent fuel pools shall be electrically isolated from
other plant electrical systems during normal and emergency operation. If weather-dependent
power sources are to be used, sufficient water or power storage must be provided to maintain
continual cooling during weather conditions which may temporarily constrict power generation.

Petition specifically requests a rulemaking via amendment to the TfeRssues raised by the
currentPetiion affectthe designbasisfor nucleampower plants and associated spent fuel pools.
In the past when a fundamental issue with grid reliability was raised, it was addressed with
CFR Part 50.63'Lossof all alternating current powé&rThe issues raised by the instant Petition
are of similar import and shoutdsorequire amendment to the CFR. Other regulatory actions
such License Amendment, gdatory Guidance, and Generic Letaeefocused on

interpretationof, or compliance withexisting regulation rather than establishing new regulation.



http://www.nrc.gov/reading-rm/doc-collections/cfr/part050/part050-0063.html
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Mitigative action outside of a CFR amendment would not provide sufficégiatoryguidance
nor assure the public that safety has been protected.

The petitimer is onlysuggestindCFR wording to addregke issues raised by the current
Petition. NRC should have the regulatory flexibility to coesidoth staff input and stakeholder
comments anthenmodify the suggded CFR wording to reflect staff input andnements,
while still conforming to the overall intent of the petitidihe implementation deadline of
January 1, 2 is asuggestedate, based on the availability of commerciattbtshelf
equipment and the impending 2012/2013 solar maximum.

6 RATIONALE FORPROPOSED AMENDMENT

At the time of drafting of the current text of 10 CFR 50, vulnditgtof the North American
commercialgrids to severe space weather had not been comprehensively studied, nor had
probabilities and consequences for widespreadargdterm power grid outage been
determined. A primgy rationalefor this proposed amendment is a recedtigumented
vulnerability of the North American power grids to severe space weather which could cause
multiple-year power owtges. In additiora governmertsponsoredtudyof seconeorder effects

of commercialgrid failure on petrochemical fuel and food suppliessghthatany assumptioof
outside assistance to nuclear power plants, inclugisigpplyof diesel fueland food may not be
valid.

6.1 Risks from Severe Space Weatheand Geomagnetic Disturbance

In a previous Denial of Petition for Rulemaking (PFE@&67), NRC recognized North American

Electric Reliability Corporation (NERC) as the nation's authority on reliability of the electric

power grid At the time of the denial, NRC referenced data from NERC to argue thatiglong
onsitebackup powefor nuclearmpowerplans was not necessary. In recent years, the authority of

NERC on electric reliability has been further codified in lalwe FederaEnergy Regulatory

Commission (FERC), pursuant to the Energy Policy Act of 2005, has certified NERC as the
nationbés Electric Reliability Organization an
establishment, approval and enforcement of mandatoririelegliability standards.

In a June 2010 report titleddlgh-Impact, LowFrequency Event Risk to the North American
Bulk Power Systeri jointly sponsored by NERC and the Department of Energy, NE&RC
concedes that the North American power grids have significant reliability issues in regard to
High-lmpact, LowFrequency (HILF) events such as severe space weather. The NERC HILF
report explaincommercialgrid vulnerability to space weather:

Intense solar activity, particularly large solar flares and associated coronal mass ejections can
create disturbances in the near-Earth space environment when this activity is directed towards
the Earth. The coronal mass eject iwthmtibes sol ar wind p
magnetosphere causing rapid changes in the configuration of Earth's magnetic field, a form of
space weather called a geomagnetic storm. Geomagnetic storms produce impulsive disturbance
of the geomagnetic field over wide geographic regions which, in turn, induce currents (called
geomagnetically-induced currents or GIC) in the complex topology of the North American bulk
power system and other high-voltage power systems across the globe. For many years it has
been known that these storms have the potential to pose operational threats to bulk power
systems; both contemporary experience and analytical work support these general conclusions.
The electric sector has taken some meaningful steps to mitigate this risk as outlined in the


http://www.nerc.com/files/HILF.pdf
http://www.nerc.com/files/HILF.pdf
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January 2009 ReportbyNat i onal Academy of SciencesdoiSevere Spa
Understanding Societal and Economic Impacts Wor ksho

More recently, a number of investigations have been carried out under the auspices of the EMP

Commission and also for FEMA under Executive Order 13407 and FERC in partnership with the

Departments of Energy, Homeland Security, and Defense. These investigations have been

undertaken to examine the potential impacts on the U.S. electric power grid for severe

geomagnetic storm events and EMP threats. In addition, this analysis was formative in the

Nati onal Academy of Sci encesdnferstandingSoS8qiabance We at her
Economic | mpact s WhesekssassmentR mgioate thatdevere geomagnetic

storms have the potential to cause long-duration outages to widespread areas of the North

American grid.

(Emphasis not in original.)

The HILF report further concludes that damage from space weather could not be quickly
repaired:

The design of transformers also acts to further compound the impacts of GIC flows in the high
voltage portion of the power grid...These transformers generally cannot be repaired in the
field, and if damaged in this manner, need to be replaced with new units, which have
manufacture lead times of 12i 24 months or more in the world market.

(Emphasis not in original.)
NERC andechnicalconsultats conducted detaileahalysis in preparation of the HILF report:

Metatech conducted a simulation based on a 4800 nT/min disturbance, shown in Figure 11 which
calculated the pattern of GIC flows in the U.S. power grid and the boundaries of regions of power
grid that could be subject to progressive collapse, such as what occurred to the Québec
Interconnection in March 1989. The simulation results indicate that more than a thousand EHV
transformers will have sufficient GIC levels to simultaneously be driven into saturation. Further,
this would suddenly impose an increase of over 100,000 MVARs of reactive demand on the
system, a scenario that could trigger a widespread voltage collapse, resulting in system instability
and, likely, a short-duration blackout. The analysis also indicates that the GIC in over 350
transformers will exceed levels where the transformer is at risk of irreparable damage. Figure 12
provides an estimate of HAPercent Losso of EHV trans
4800 nT/min threat environment. Such large-scale damage could lead to prolonged
restoration and long-term chronic shortages of electricity supply capability to the
impacted regions, arguably for multiple years.

(Emphasis not in original.)
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100 Year Geomagnetic Storm G50 Degree Geomagnetic Disturbance Scenario

Figure 11: The simulation results showing the pattern of GIC flows in the U.S, grid for a 4800 nT/min
geomagnetic field disturbance at 50 degrees geomagnetic lafitelabove regions outlined are
susceptible to system collapse due to the effects of the GIC.
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"

Figure 12: A map showing the At-Risk EHV Transformer Capacity by State for this disturbance scenario, regions
with high percentages could experience long duration outages that could extend multiple years.®

Extra High Voltage (BHV) transformer damage would not be evenly distributed. For example, in
New Hampshire, location of the Seabrook nuclear power plant,dT@&nsformer capacity is
at-risk to severe space weather.

In 2008, a National Research Courafithe National Academies of Sciesdermed a
Committee on the Societal and Economic Impacts of Severe Space Weather Events and
published a reportSevere Space Weather Evéntdnderstanding Societal and Economic
Impacts" The report described several severe space weather events over the-pasidoeée
and fifty years. The report reads in part:

Our knowledge and understanding of the vulnerabilities of modern technological infrastructure to
severe space weather and the measures developed to mitigate those vulnerabilities are based
largely on experience and knowledge gained during the past 20 or 30 years, during such
episodes of severe space weather as the geomagnetic superstorms of March 1989 and October-
November 2003. As severe as some of these recent events have been, the historical record
reveals that space weather of even greater severity has occurred in the pastd e.g., the Carrington
event of 1859 and the great geomagnetic storm of May 19218 and suggests that such extreme
events, though rare, are likely to occur again some time (sic) in the future. While the
socioeconomic impacts of a future Carrington event are difficult to predict, it is not unreasonable
to assume that an event of such magnitude would lead to much deeper and more widespread
socioeconomic disruptions than occurred in 1859, when modern electricity-based technology was
still in its infancy.


http://www.nap.edu/catalog.php?record_id=12507
http://www.nap.edu/catalog.php?record_id=12507
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The Executive Director of Systems Operations at PJM Interconnection provided a specific
example of space weather impact on power grid operations as part of the above referenced
National Research Council report. (PJM is a regional transmission organization with 164,905 MW
of generating capacity that coordinates the movement of wholesale electricity over 56,250 miles
of transmission lines in all or parts of Delaware, Illinois, Indiana, Kentucky, Maryland, Michigan,
New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and the
District of Columbia.)

One example of a space weather event that had a major impact was the March 1989 superstorm.
During this storm, a large solar magnetic impulse caused a voltage depression on the Hydro-
Quebec power system in Canada that could not be mitigated by automatic voltage compensation
equipment. The failure of the equipment resulted in a voltage collapse. Specifically, five
transmission lines from James Bay were tripped, which caused a generation loss of 9,450 MW.
With a load of about 21,350 MW, the system was unable to withstand the generation loss and
collapsed within seconds. The province of Quebec was blacked out for approximately 9 hours.

Also during this storm, a large step-up transformer failed at the Salem Nuclear Power Plant in
New Jersey. That failure was the most severe of approximately 200 separate events that were
reported during the storm on the North American power system. Other events ranged from
generators tripping out of service, to voltage swings at major substations, to other lesser
equipment failures.

A presentation by John Kappenntan t Imgadt of evere Solar Flares, Nuclear EMP and
Intenional EMI on Electric Grid® at theElectric Infrastructure Security (EIS) Sumrimit
London Englandon September 20, 201@escribed thefects of solar storms dmgh voltage
transformersA long durationsolar storm in October 2003 damaged 15 highage transformers
in Sauth Africa. After the March 1989 storm, 1&ge Generator Step Y@SU)transformers at
United States nucte power plants failed within 25 onths; geomagneticalipduced current is
the suspected cae of these failures:

Salem

Oyster Creek
South Texas
Shearon Harris
Surry 1

Zion 2

WNP 2

Peach Bottom 3
9. D.C.Cook1

10. Susquehanna
11. Maine Yankee
12. Nine-Mile

e

GSU Transformer Failures at Nuclear PowerPlants within 25 Months of 1989Solar Storm
Sourcelmpact of Severe Solar Flares, Nuclear EMP and Intentional EMI on Electric Grids

NGO RON=



http://www.eissummit.com/media/EIS_Kappenman_Part1.pdf
http://www.eissummit.com/media/EIS_Kappenman_Part1.pdf
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Internal
Damage due
to one storm

Damaged Core on Salem Nuclear Power Plant Transformer

Station 3 Gen Transformer 4 Station 3 Gen. Transformer 5
HV winding failure evidence of overheating

Courtesy Eskom, Makhosi, T., G. Coetzee

DamagedWinding and Core on Eskom Transformers in South Africa

Sourcelmpact of Severe Solar Flares, Nuclear EMP and Intentional EMI on Electric Grids
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I n October 2010, Oa k Ri d BlectrosmaghetiooPnlse! Effdctadno r at or
the U.S. PowerGrid0 a series of comprehensive technica
Regulatory Commission (FERC) in joint sponsorship with the Department of Energy and the
Department of Homeland SecuritYak Ridgeshould be given deference over rgovernmental

entities in determinations of commercial grid reliability. NRC has previously relied on Oak

Ridge to study grid reliability as it relates to nuclear power plants.

The executive summary ofélDak Rdgereport series reads in part:

In 1989, an unexpected geomagnetic storm triggered an event on the Hydro-Québec power
system that resulted in its complete collapse within 92 seconds, leaving six million customers
without power. This same storm triggered hundreds of incidents across the United States
including destroying a major transformer at an east coast nuclear generating station. Major
geomagnetic storms, such as those that occurred in 1859 and 1921, are rare and occur
approximately once every one hundred years. Storms of this type are global events that can
last for days and will likely have an effect on electrical networks world wide. Should a storm of this
magnitude strike today, it could interrupt power to as many as 130 million people in the United
States alone, requiring several years to recover.

The Oak Ridge National Laboratory report further describes the effects of a geomagnetic storm
expected to occur, on average, every 100 years:

By simulating the effects of a 1 in 100 year geomagnetic storm centered over southern Canada,
the computer models estimated the sections of the power grid expected to collapse during a
major EMP event. This simulation predicts that over 300 EHV transformers would be at-risk for
failure or permanent damage from the event. With a loss of this many transformers, the power
system would not remain intact, leading to probable power system collapse in the Northeast, Mid-
Atlantic and Pacific Northwest, affecting a population in excess of 130 million (Figure 1). Further
simulation demonstrates that a storm centered over the northern region of the United States
could result in extending the blackout through Southern California, Florida and parts of Texas.

In addition to causing the immediate damage and failure of transformers, there is also evidence
that GIC may be responsible for the onset of long-term damage to transformers and other key
power grid assets. Damaged transformers require repair or replacement with new units.
Currently most large transformers are manufactured in foreign countries and
replacements would likely involve long production lead times in excess of a year.

(Emphasis not in original.)

Notably, the AAreas of Probable Power System
Ridge National Laboratomeport largely coincide with marigcations of United States nuclear

power pantsand associated spent fuel po@sventyoneout of 104 spent fuel poolare within

areas of pbable power system collapget wouldresult froma severe geomagnetic storm

expected to occur, on average, every 100 years.


http://www.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Executive_Summary.pdf
http://www.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Executive_Summary.pdf
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Figure 1. Areas of Probable Power System Collapse

Region IV

A Licensed to Operate (104)

Locations of United States Nuclear Power Plants

Source: Nuclear Regulatory Commission, as of October 20, 2010
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6.2 Disruption of Petrochemical Fuel Resupply

In 2008, the Commission to Assess the Thredlhe United States from Electromagnetic Pulse
(EMP) Attack published a report @ritical National InfrastructureAn EMP can be caused by
detonation of a nuclear weaporhagh altitude. Significantly, the scalled "E3" pulse resulting
from a nuclear detonation would cause an effect in-lwang power transmission lines nearly
identical to the geomagneticaligduced curent (GIC) ofsevere space weather. The
Commission'seport reads in part:

There are a wide variety of potential threats besides EMP that must be addressed, which can
have serious to potentially catastrophic impacts on the electrical system. Common solutions must
be found that resolve these multiple vulnerabilities as much as possible. For example, in the
course of its work, the Commission analyzed the impact of a 100-year solar storm (similar to E3
from EMP) and discovered a very high consequence vulnerability of the power grid. Steps taken
to mitigate the E3 threat also would simultaneously mitigate this threat from the natural
environment.

The study of the EMP Commission is illustratifesecondorder effects oEommercialgrid
outage on petrochemical infrastructure. The EMP Commission concluded:

The petroleum and natural gas infrastructures are critically dependent on the availability of
assured electric power from the national grid, as well as all the other critical national
infrastructures, including food and emergency services that sustain the personnel manning these
infrastructures. In turn, all these infrastructures rely on the availability of fuels provided by the
petroleum and natural gas sector. Petroleum and natural gas systems are heavily dependent on
commercial electricity during the entire cycle of production, refining, processing, transport, and
delivery to the ultimate consumer. The availability of commercial power is the most important
dependency for the domestic oil sector.

(Emphasis not in original.)

According to the work of the EMP canission, in the aftermath of a large induced current in the
bulk power transmission systénwhether this current is induced by a nuclear EMP or severe
space weathér continued regular delivery of petrochemical fuels would be in doubt. In the
event of widesgradcommercial grigpower outagea reasonable person would conclude that
nuclear planbperatorcannot depend on resupply of diesel fuel for emergency backup
generators once initial fuel stored-site is exhausted.

6.3 Disruption of Food and Water Supply

The aboveeferencd Critical Nationallnfrastructuesreport authored bthe EMP commission
also examinéthe potential effect of lontgerm power failure on food and water supplies. The
report reads in part:

Should the electrical power system be lost for any substantial period of time, the Commission

believes that the consequences are likely to be catastrophic to civilian society. Machines will stop;

transportation and communication will be severely restricted; heating, cooling, and lighting will

cease; food and water supplies will be interrupted; and many people may die. "Substantial

periodo is not quantifiable but generally outages t
large geographic region without sufficient support from outside the outage area would qualify.

(Emphasis not in original.)


http://www.empcommission.org/docs/A2473-EMP_Commission-7MB.pdf
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Under current emergency plans;site nuclear power plant personmeaiuld be required to
maintain systemfor active cooling and/or watenakeupof spent fuel pools. tan be

reasonably impliethat thee personnel might go an extended period of time without resupply of
food and potable ater.

6.4 Lack of DHSPreparation for a Scenario of Long-Term Power Grid
Collapse

The DepartmentfdHomeland Security does not have sufficiplainning anghysical

preparation toensurerecovey from a regional or nainal scenario of longermpower grid
collapse. The Department of Homeland Security publishes an extensive document disclosing
disaster planning, the National Preparedness&lines. These Guidelines carelaccessed :at

http://www.dhs.gov/xlibrary/assets/National Preparedness Guidelines.pdf

TheGuidelinesread in part:

Homeland Security Presidential Directive-8 (HSPD-8) of December 17,2003 (i Nat i on al
Pr e p ar e)direees thé Secretary of Homeland Security to develop a national domestic all-
hazards preparedness goal. As part of that effort, in March 2005 the Department of Homeland
Security (DHS) released the Interim National Preparedness Goal. Publication of the National
Preparedness Guidelines (Guidelines) finalizes development of the national goal and its related
preparedness tools.

The Guidelines, including the supporting Target Capabilities List, simultaneously published
online, supersedes the Interim National Preparedness Goal and defines what it means for the
Nation to be prepared for all hazards. There are four critical elements of the Guidelines:

(1) The National Preparedness Vision, which provides a concise statement of the core
preparedness goal for the Nation.

(2) The National Planning Scenarios, which depict a diverse set of high-consequence
threat scenarios of both potential terrorist attacks and natural disasters. Collectively,
the 15 scenarios are designed to focus contingency planning for homeland security
preparedness work at all levels of government and with the private sector. The scenarios
form the basis for coordinated Federal planning, training, exercises, and grant
investments needed to prepare for emergencies of all types.

(Emphasis not in original.)

The Guidelinespurport to include all consequential hazards, both from both potential terrorist
attacks and natural disasters. Thidelinescontinue:

While preparedness applies across the all-hazards spectrum, the 2002 National Strategy for

Homel and Security attaches special emphasis to p
greatest risk of mass casualties, massive proper
illustrate the potential scope, magnitude, and complexity of a range of major events, the

Homeland Security Councild in partnership with the Department of Homeland Security (DHS),

other Federal departments and agencies, and State, local, tribal, and territorial governmentsd

developed the National Planning Scenarios. The 15 Scenarios include terrorist attacks, major

disasters, and other emergencies. They are listed in Figure B-1.

rep
ty


http://www.dhs.gov/xlibrary/assets/National_Preparedness_Guidelines.pdf
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Figure B-1: National Planning Scenarios

Improvised Nuclear Device Major Earthquake

Aerosol Anthrax Major Hurricane

Pandemic Influenza Radiological Dispersal Device
Plague Improvised Explosive Device
Blister Agent Food Contamination

Toxic Industrial Chemicals Foreign Animal Disease
Nerve Agent Cyber Attack

Chlorine Tank Explosion

Notably, none of the fifteen purportedly-aiclusive National Planning Scenarios include a
scenario fosevere space weathggbmagnetic disturbance and associated-tengand
widespreacdcommercialgrid outageLack of DHS inclusion o geomagnet disturbance
scenarids not inalvertent. Metatech, firm consulting tothe Commission to Assess the Threat
to the United States from Electromagnetic Pulse (EMP) Attack, suggested inclusisucbfa
scenario and DHS staff declined to do so.

The Fedeal Emergency Management Agen®&EMA), a compaoent of DHS, has published a

plan to coordinateespors e t o d i Blaienal Basponse Rramewoi®® Accor di ng t o
FEMA we bheNationd Response Framewogkesents the guiding principles that enable

all response partners to prepare for and provide a unified national respaisssters and

emergencie® from the smallest incident to the largest catastrophe. The Framework establishes a
comprehensive, national,dlazar ds approach t o dhsmecwtent,c i nci C
alsoavailable on the FEMA websiteQVerview: ESF and Support Annexes Coordinating

Federal Asistance In Bpport of theNational Response Framewbidescribes the role of

emergency support annexes:

The National Response Framework (NRF) presents the guiding principles that enable all
response partners to prepare for and provide a unified national response to disasters and
emergencies i from the smallest incident to the largest catastrophe. The Framework defines the
key principles, roles, and structures that organize the way we respond as a Nation. It describes
how communities, tribes, States, the Federal Government, and private-sector and
nongovernmental partners apply these principles for a coordinated, effective national response.
The National Response Framework is always in effect, and elements can be implemented at any
level at any time. This Overview supports and provides additional guidance concerning the
Framework. In particular, this document focuses on the essential processes for requesting and
receiving Federal assistance and summarizes the key response capabilities and essential support
elements provided through the Emergency Support Function (ESF) Annexes and Support
Annexes.

The Overview includes the following topics:

1. Key Players: Organizations and entities that may either need assistance or provide
assistance

2. Federal Assistance: Descriptions of the processes for requesting and obtaining Federal
assistance in support of States, tribes, local jurisdictions, and other Federal partners

3. Emergency Support Function Annexes: Summaries of the 15 ESF Annexes, which group
Federal resources and capabilities into functional areas to serve as the primary
mechanisms for providing assistance at the operational level


http://www.fema.gov/emergency/nrf/index.htm
http://www.fema.gov/pdf/emergency/nrf/nrf-overview.pdf
http://www.fema.gov/pdf/emergency/nrf/nrf-overview.pdf
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4. Support Annexes: Summaries of the 8 Support Annexes, which describe essential
supporting aspects that are common to all incidents

The Framework also includes Incident Annexes that address specific categories of contingencies
or hazard situations requiring specialized application of Framework mechanisms. The Incident
Annexes are not directly addressed or summarized in this support document. Readers should
review the Incident Annexes on the NRF Resource Center, http://www.fema.gov/NRF.

Incident Annexednclude a specific annex for the energgt®r. This Energy Anneszan be
found at:

http://www.fema.gov/pdf/emergency/nrf/nrf-esf-12.pdf

Notably, the Energy Annex and all other supporting documents implicitly assume that federal,
state, and local governmental functions vdochntinuemoreor-less uninterrupteduring a
condition of longterm commercial grid collapse where 130 million people would bieowit
electricity, including tle populationin the Washington DC area.

A notable aspect of DHS/FEMA planning is mtg¢arlydescribed in documents available on
government websites, but can be learned at briefings by government officials: physical
preparation by FEMA, including acquisition and storafjod, waterfuel, and replacement
partsis de minimisInstead, FEMA planassume that goods can be purchased mmmercial
vendors, e.g., WalmarThere are naurrentdomestic manufacturers of extra high voltage
transformers and physical inventory of these transformers is negligible.

Because current DHS/FEM@lanning andghysical preparation does not addrespecific

scenario of geomagnetic disturbance and resulimgrtermcommercial grid outage,

replacement of higholtage transformers and resupply of diesel fuel, food, and potable water to
nuclear power plants couletsubstantially delayeal never occurAny statements thataper
planning would ensureng-term outside assistant@nuclear power plantsith 100% certainty

are speculative and unsupportgdthe actublevel of planning andhysical preparation at

FEMA and other government agencies.

6.5 Persistent NRC Concerns Regarding Reliability ofCommercial Grid
Power

For over thirtyyears, the NRC has had persistent concerns about the reliability of commercial
grid power and its effect on nuclear power plant.riskAugust 1988, Oak Ridge National
Laboratory and the NRC publish&@RNL/NRC/LTR-9 8 / Ewaluatidn of the Reliability for

the Offsite Power Supply as a Conttibbuto the Risk of Nuclear Plantsbhe abstract for
ORNL/NRC/LTR-98/12reads in full:

The objective of this project (job code number J2528) is to provide technical expertise from the
Oak Ridge National Laboratory (ORNL) to assist the Nuclear Regulatory Commission (NRC) staff
assessing the nature of any changes in the reliability of the national electric power grid to supply
offsite power to nuclear power plants due to electric industry restructuring. Specifically, the task is
to determine the potential for increases in the frequency of loss-of-offsite power (LOOP) events
associated with grid related offsite power events.

NRC is responsible for the evaluation of issues related to the design and operation of offsite
power grid systems with regard to interrelationships between the nuclear unit, the utility grid and
interconnecting grids, the functional performance, design and operation of on-site power systems,


http://www.fema.gov/NRF
http://www.fema.gov/pdf/emergency/nrf/nrf-esf-12.pdf
http://www.ornl.gov/sci/btc/apps/Restructuring/evaluation_of_reliability.pdf
http://www.ornl.gov/sci/btc/apps/Restructuring/evaluation_of_reliability.pdf
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and the interface between the offsite and on-site power systems to include performance related
issues for electrical components.

Safe nuclear plant operation requires a source of power capable of maintaining acceptable static
and dynamic voltage and frequency limits while supplying minimum amounts of auxiliary power.
The preferred power source for safe plant operation is the offsite electric power system or power
grid.

Accident sequences initiated by LOOP are important contributors to risk for most nuclear plants.
In 1979, the NRC identified the loss of all alternating current (AC) electrical power to the nuclear
plant, called station blackout (SBO), as an unresolved safety issue. SBO was shown to be an
important contributor to the total risk from nuclear power plant accidents. A task action plan A-44
was issued in July 1980 to address this issue and the results were published in a final report
issued in June 1988 as NUREG-1032, Evaluation Station Blackout Accidents at Nuclear Power
Plants. In essence, the findings were that the grid was assumed to be stable and reliable.

At this time, the electric power industry in the United States is dominated by vertically integrated
utilities. These were interconnected initially to primarily increase reliability, but now utilities use
the interconnections for commercial transactions as well. Each utility or a small group of utilities
form a control area containing customers for which they are jurisdictionally responsible. The
control areas are divided into reliability councils. In addition, there are power pools which are
associations of utilities that have joined for the purpose of reducing the cost of producing and
delivering power through coordinated operation. However, there are reliability constraints on the
individual systems as indicated in North American Electric Reliability Council (NERC) reports
submitted to the U.S. Department of Energy (DOE). These constraints include, but are not limited
to, low reserve margins, a shortage of transmission facilities, and technical problems in
transmitting power over long distance lines.

Two relatively new factors are emerging: nonutility generation and industry restructuring. It is
anticipated that, in the not too distant future, power suppliers, whether utilities, independent
power producers (IPPs), or power marketers will actively compete for sales to customers who
may be located anywhere on the power grid. Regional grid control will be the responsibility of
centralized Independent System Operators (ISOs) in many regions. The locations, membership,
responsibilities, and authority of all ISOs have yet to be defined. It is expected that these 1SOs will
be charged with maintaining grid reliability to facilitate the marketing of power. It is also uncertain
how the current method of reliability standard maintenance through voluntary compliance with
guidelines established by consensus associations will transition to the new utility structure. These
uncertainties raise questions with respect to the continued supply of reliable offsite power to
nuclear power plants.

Any reliability study of offsite power sources needs to consider both the quality of the voltage and
frequency as needed by the nuclear generating station, the probability of the frequency and
duration of a LOOP event to the subject station, and potential impacts which can occur during
events (i.e., transients, low voltage, and frequency degradation). The industry structure is shifting
from one with vertically integrated control by corporate entities that both own nuclear plants and
have essentially autonomous authority over reliability rules and procedures. The new structure
may have many commercially independent entities. There will be an as-yet undefined standards
setting and enforcement process responding to commercial pressure as well as a desire to
maintain reliability. These factors raise the concern, will nuclear plant offsite power requirements
always be fulfilled? Also, what guarantees by the transmission provider interconnected with the
nuclear plant need to be in place so that reliable power in accordance with voltage and frequency
requirements can be assured for safe operation?

The answers to these and other potentially complicated questions as tasked to the NRC staff by
the Commission can be provided through the performance of engineering studies, such as this by
ORNL, to assess potential changes in the reliability of the grid to supply offsite power. The results
of this project show that some nuclear plants are more vulnerable to grid-centered loss-of offsite
power than others. Vulnerability from the grid is discussed in detail in this report.
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The Oak RidgéNational Laboratory/NRC study was prescient in its list of concerns resulting
from electric industry deregulation:

1.2 Overview of Concerns

Restructuring of the electric power industry is resulting in the increasing number of financially

independententi t i es whose operations can influence a nucl e
Historically, the nuclear plant owner also owned and operated the transmission system, the

control area, and the other generators in the immediate area and was fully responsible for the

reliability of the power system. Now, each of these can be owned and operated by separate

commercial entities, and there is also a NERC regional security coordinator with authority to

coordinate system operator actions when reliability is threatened. This arrangement presents the

following concerns:

1 AKkey factor in providing the required offsite power quality is a determination of the offsite
power design basis.

1 Requirements for the nuclear plant. Some of the utilities which were visited do not appear
to be addressing this important analysis in a thorough manner.

f Each entity must be aware of the nuclear planté
procedures to provide that the correct action is taken under varying conditions.

1 There must be contractual arrangements between these entities that assure the nuclear
plant owners/operators and the NRC that required actions will be taken.

1 National standards do not exist yet to guide these entities in structuring their reliability
activities. Regional and local standards often lack the rigor required to function in a
commercially contentious environment.

1 There may be significant costs associated with both the analysis and the system
operation constraints required to provide the adequacy and reliability of the offsite power
supply.

1 Inthe event of a regional or control area grid blackout, there is concern that key black
start units (see Appendix D for definitions) may be under the control of a new,
independent financial entity. The reliability of these units is unknown unless blackout
simulation testing is also covered under contract and regularly performed.

In December 2009daho National Laboratory adRC publishedNUREG/CR6890, Vol. 2
fReevaluation of Station Blackout Risk at Nuclear Power Pl#mtalysis of Station Blackout
Risk0 The executive summary from this report re

The availability of alternating current (ac) power is essential for safe operations and accident
recovery at commercial nuclear power plants. This ac power is normally supplied by offsite power
sources via the electrical grid but can be supplied by onsite sources such as emergency diesel
generators (EDGs). A subset of LOOP scenarios involves the total loss of ac power as a result of
complete failure of both offsite and onsite ac power sources. This is termed station blackout
(SBO). In SBO scenarios, safe shutdown relies on components that do not require ac power,
such as turbine-driven pumps or diesel driven pumps. The reliability of such components, along
with direct current battery depletion times and the characteristics of offsite power restoration, are
important contributors to SBO risk. Historically, risk models have indicated that SBO is an
important contributor to overall plant risk, contributing as much as 70 percent or more.
Therefore, LOOP, restoration of offsite power, and reliability of onsite power sources are
important inputs to plant probabilistic risk assessments (PRAS).

Based on concerns about SBO risk and associated emergency diesel generator reliability, the
U.S. Nuclear Regulatory Commission (NRC) established Task Action Plan (TAP) A-44 in 1980.
The NRC report NUREG-1032, Evaluation of Station Blackout Accidents at Nuclear PoRlants
issued in 1988, integrated many of the efforts performed as part of TAP A-44. In 1988 NRC also
issued the SBO rule, 10 CFR 50.63, and the accompanying regulatory guide, RG 1.155. That rule


http://www.nrc.gov/reading-rm/doc-collections/nuregs/contract/cr6890/
http://www.nrc.gov/reading-rm/doc-collections/nuregs/contract/cr6890/
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required plants to be able to withstand an SBO for a specified duration and maintain core cooling
during that duration. As a result of the SBO rule, plants were required to enhance procedures and
training for restoring offsite and onsiteacp ower sour ces. I n addition,
requirements, some plants chose to make modifications such as adding additional emergency ac
power sources. Emphasis was also placed on establishing and maintaining high reliability of the
emergency power sources.

Finally, a widespread grid-related LOOP occurred on August 14, 2003. That event resulted in
LOOPs at nine U.S. commercial nuclear power plants. As a result of that event, the NRC initiated
a comprehensive program that included updating and reevaluating LOOP frequencies and
durations as well as SBO risk.

(Emphasis not in original.)

Notably, thecomprehensivélRC programto updae and reevaluagLOOP frequencies and
durationsdid not include estimates of frequencies and durations for LOOPSs caused by
geomagnetic disturbance. This is despite definitive geomagneticdilged damage to the GSU
transformer at the Salem nuclear power plant during/tlseh 1989 geomagnetic stoand
suspected damage to elevsther GSU transformers at United States nuclear power plants
during the same storm.

6.6 Regulatory Actions after the 2003 Northeast Blackout

On August 14, 2003 grid blackout spread over the northeastern United States and parts of
Canada. An articlpublished n Sci e nt i The 2003ANurtheast Blackotivd Years
Later, 0 ( ALB, ga0&) described the event:

On August 14, 2003, shortly after 2 P.M. Eastern Daylight Time, a high-voltage power line in
northern Ohio brushed against some overgrown trees and shut downd a fault, as it's known in the
power industry. The line had softened under the heat of the high current coursing through it.
Normally, the problem would have tripped an alarm in the control room of FirstEnergy
Corporation, an Ohio-based utility company, but the alarm system failed.

Over the next hour and a half, as system operators tried to understand what was happening,
three other lines sagged into trees and switched off, forcing other power lines to shoulder an extra
burden. Overtaxed, they cut out by 4:05 P.M., tripping a cascade of failures throughout
southeastern Canada and eight northeastern states.

All told, 50 million people lost power for up to two days in the biggest blackout in North American
history. The event contributed to at least 11 deaths and cost an estimated $6 billion.

The Scientific American article describes new regulatory standards after the 2003 Northeast
Blackout:

In February 2004, after a three-month investigation, the U.S.i Canada Power System Outage
Task Force concluded that a combination of human error and equipment failures had caused the
blackout. The group's final report made a sweeping set of 46 recommendations to reduce the risk
of future widespread blackouts. First on the list was making industry reliability standards
mandatory and legally enforceable.

Prior to the blackout, the North American Electricity Reliability Council (NERC) set voluntary
standards. In the wake of the blackout report, Congress passed the Energy Policy Act of 2005,
which expanded the role of the Federal Energy Regulatory Commission (FERC) by requiring it to
solicit, approve and enforce new reliability standards from NERC, now the North American
Electricity Reliability Corporation.

t

(o]


http://www.scientificamerican.com/article.cfm?id=2003-blackout-five-years-later
http://www.scientificamerican.com/article.cfm?id=2003-blackout-five-years-later
http://www.sciam.com/article.cfm?id=how-the-grid-copes-when-nuclear-power-plant-goes-down
https://reports.energy.gov/
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FERC has so far approved 96 new reliability standardsé Standard PER-003, for example,
requires that operating personnel have at least the minimum training needed to recognize and
deal with critical events in the grid; standard FAC-003 makes it mandatory to keep trees clear of
transmission lines; standard TOP-002-1 requires that that grid operating systems be able to
survive a power line fault or any other single failure, no matter how severe. FERC can impose
fines of up to a million dollars a day for an infraction, depending on its flagrancy and the risk
incurred.

If the standards have reduced the number of blackouts, the evidence has yet to bear it out. A
study of NERC blackout data by researchers at Carnegie Mellon University in Pittsburgh found
that the frequency of blackouts affecting more than 50,000 people has held fairly constant at
about 12 per year from 1984 to 2006. Co-author Paul Hines, now assistant professor of
engineering at the University of Vermont in Burlington, says current statistics indicate that a 2003-
level blackout will occur every 25 years.

(Ellipsis not in original.)

A speech by Jeffery MerrifieJdCommissioneof the NRC, athe American Nuclear Society
Executive Conference darid Reliability, Stability and OffSite PowelJuly 24, 200 describes
the effect of th003 Northeast Bckout on nuclear power plants:

(Slide 2) On August 14, 2003, | was the Acting Chairman on what | thought was going to be just
another routine day at the NRC. | had a series of scheduled meetings that day, including a
briefing on grid reliability, where the staff discussed the trends in loss of offsite power events at
nuclear power plants. The staff informed me that the number of these events was decreasing,
which was encouraging. They also mentioned, however, that the duration of individual events was
tending to be longer.

Around 4:00 p.m. that afternoon, Bill Travers, the EDO at that time, came into my office and
informed me that the staff was assembling in our Operations Center in response to the automatic
shutdown of several nuclear plants in the Northeast and Midwest. At that time, we did not know
whether it was caused by multiple operational events or, perhaps by a coordinated act of
terrorism.

(Slide 3) As information continued to pour in the rest of the afternoon and into the evening
hours, we came to learn that nine nuclear power plants in the U.S., as well as 11 in Canada, and
a host of coal-fired power plants had been disconnected from the grid because of electrical
instabilities, resulting in the blackout of major portions of the Northeast and Midwest in the U.S.
and parts of Canada.

(Slide 4) In fact, virtually every power plant east of the Mississippi experienced voltage swings
of variable amplitude, though plants further from the Northeast corridor saw only minor voltage
perturbations.

(Slide 5) By the next morning, after a long night at the Ops Center, we were only beginning to
understand the magnitude of the blackout. | participated in several conference calls, including
calls with the White House Situation Room, to discuss the causes of the event with the
staff of the National Security Council as well as various Cabinet members.

(Emphasis not in original.)

Notably, the gravity of th@003situation for nuclear power plants necessitated coordination with
the National Security Council, a higével group thaincludes the President/ice President,
Secretary of State, Secretary of the Treasbegretary of Defense, addsistant to th&resident


http://www.nerc.com/page.php?cid=2|20
http://wpweb2.tepper.cmu.edu/ceic/papers/ceic-08-01.asp
http://www.nrc.gov/reading-rm/doc-collections/commission/speeches/2006/s-06-018.html
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for National Security Affairand which is advised kthe Chairman of the Joint Chiefs of Staff
and theDirector of National Intelligence

In his speech, Commissioner Merrifield descrilbadentdesign philosophy for nuclear power
plants reganthg commercial grid power:

(Slide 6) WHY DOES NRC CARE ABOUT GRID STABILITY?

Nuclear power reactors must be cooled continuously, even when shut down. The numerous
pumps and valves in the reactor cooling systems therefore must have access to electrical power
at all times, even if the normal power supply from the grid is degraded or completely lost.

As a regulator, we want to minimize the time a nuclear power plant is subjected to a complete
loss of offsite power, otherwise known as Station Blackout. Even though plants are designed with
emergency diesel generators to supply power to pumps and valves that keep the reactor cool
when normal power is lost, we do not like to challenge those diesel generators any more than is
absolutely necessary.

The NRC was concerned about grid reliability long before the 2003 blackout event. On August 12,
1999, while the Callaway plant (in Missouri) was offline in a maintenance outage, the plant saw
the offsite power supply voltage fall below minimum requirements for a 12-hour period. The
voltage drop they observed was caused by peak levels of electrical loading and the transport of
large amounts of power on the grid adjacent to Callaway. The licensee noted that the deregulated
wholesale power market contributed to conditions where higher grid power flows were likely to
occur in the area near Callaway. Alliant Energy had to spend ten's of millions of dollars to install
new transformers with automatic tap changers to keep voltage above minimum requirements, and
capacitor banks to improve the reactive power (volt-amps reactive, or VARS) factor in the
Callaway switchyard.

As a result of deregulation, many electric utilities were split into electric generating companies
and transmission and distribution companies. Thus, nuclear power plants now must rely on
outside entities to maintain the switchyard voltage within acceptable limits. Over time, some
transmission companies have become less sensitive to the potential impacts that grid voltage can
have on nuclear plant operations.

A big part of our risk-informed regulatory strategy depends on plants having access to
reliable offsite power. We assume that there will be very few times when a plant will be
subjected to a total loss of offsite power, and when such condition exists it will be for a
relatively short period of time (hours or days rather than weeks). Our strategy of allowing
more on-line maintenance to be performed on certain important safety equipment such as the
emergency diesel generators makes sense as long as the risk of a plant trip remains very low
during the period of time that equipment is out of service. This philosophy relies on the fact that a
total loss of offsite power is a rare occurrence that will be corrected in a short period of time.

(Emphasis not in original.)

After the2003Northeast Blackut, an extensive seriedf meetings between NRC, NERC,
FERGC and the electric power and nuclear generation industnesedThese meetings resulted
in anNRC Generic Letter andew NERC reliability standard fawuclear pwer plants and their
commercial grid suppliers.

The background section BIRC Generic Letter 2008 ,  fiR@lrahility and the Impact on
Plant Risk andhte Operability of Offsite Powei(February 2005 readsn full:



27

BACKGROUND

Based on information obtained from inspections and risk insights developed by an
internal NRC expert panel (further described below), the staff is concerned that several
conditions associated with assurance of grid reliability may impact public health and
safety and/or compliance with applicable regulations. These conditions include use of long-term
periodic grid studies and informal communication arrangements to monitor real-time grid
operability, potential shortcomings in grid reliability evaluations performed as part of maintenance
risk assessments, lack of preestablished arrangements identifying local grid power sources and
transmission paths, and potential elimination of grid events from operating experience and
training. The staff identified these issues as a result of considering the August 14, 2003, blackout
event.

On August 14, 2003, the largest power outage in U.S. history occurred in the Northeastern
United States and parts of Canada. Nine U.S. NPPs tripped. Eight of these lost offsite power,
along with one NPP that was already shut down. The length of time until power was available
to the switchyard ranged from approximately one hour to six and one half hours. Although the
onsite emergency diesel generators (EDGs) functioned to maintain safe shutdown conditions,
this event was significant in terms of the number of plants affected and the duration of the
power outage.

The loss of all alternating current (AC) power to the essential and nonessential switchgear buses
at a NPP involves the simultaneous loss of offsite power (LOOP), turbine trip, and the loss of the
onsite emergency power supplies (typically EDGs). Such an event is referred to as a station
blackout (SBO). Risk analyses performed for NPPs indicate that the SBO can be a significant
contributor to the core damage frequency. Although NPPs are designed to cope with a LOOP
event through the use of onsite power supplies, LOOP events are considered precursors to SBO.
An increase in the frequency or duration of LOOP events increases the probability of core
damage.

The NRC issued a regulatory issue summary ((RIS) 2004-5, A Gri d Operability and
Pl ant Risk and the Operability of Offsite Power, o d
addressees of the requirements in Title 10 of the Code of Federal Regulations (10 CFR) Section

50. 65, iRequirements for monitoring the effectivene
10 CFR 50. 63, fiLoss of al/l alternating current powe

Design Criterion (GDC) 17,.A El ect r i ¢ p o wkplant ohrschl spadficabonsaon

operability of offsite power. In addition, the NRC issued Temporary Instruction (TI) 2515/156,

iOof fsite Power System Operational Readiness, 0 dat ed
AOperational Readi nesdabédOMagi 08, PWwes, which inst
offices to perform followup inspections at plant sites on the issues identified in the RIS.

The NRC needs additional information from its licensees in the four areas identified above in
order to determine if regulatory compliance is being maintained.

On April 26, 2005, the Commission was briefed on grid stability and offsite power issues by a
stakeholder panel that included representatives of the Federal Energy Regulatory Commission,
the North American Electric Reliability Council (NERC), the National Association of Regulatory
Utilities Commissioners, PJM Interconnection (one o
operators), a FirstEnergy Corporation executive representing the Nuclear Energy Institute
(NEI), and the NRC staff. In light of this briefing, the Commission issued a staff requirements
memorandum (SRM) dated May 19, 2005, in which the Commission directed the staff to review
NRC programs related to operator examination and training and ensure that these programs
adequately capture the importance of grid conditions and offsite power issues to the design,
assessment, and safe operation of the plant, including appropriate interactions with grid
operators. The SRM further directed the staff to determine whether the operator licensing
program needs to be revised to incorporate additional guidance on grid reliability.

(Emphasis not in original.)
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In January201Q FERC and NER@stablished a reliability standard for coordinati®tween
commerciagrid suppliers and nuclear power plant operators. This standard recognizes the
urgency for restoration of commercial grid power for safety considerations. The standard reads in
part:

Standard NUC-001-2 & Nuclear Plant Interface Coordination

3. Purpose: This standard requires coordination between Nuclear Plant Generator Operators
and Transmission Entities for the purpose of ensuring nuclear plant safe operation and
shutdown.

R9. The Nuclear Plant Generator Operator and the applicable Transmission Entities shall include,
as a minimum, the following elements within the agreement(s) identified in R2: [Risk Factor:
Medium]

R9.3.5. Provision for considering, within the restoration process, the requirements and urgency of
a nuclear plant that has lost all off-site and on-site AC power.

NERC Standard NU©O01-2 requires urgent restoration afommercialgrid power for nuclear
power plantsHowever withoutactual installation of equipment to protect agageomagnetic
disturbancethis paper standard provideseffectualprotection

6.7 Lack of NERC Reliability Standard for Geomagnetic Disturbance

While NUC-001-02 recognizes the urgeyof providing reliableoff-site power to nuclear power
plants,NUC-001-02 does nospecificallyrequireelectric utilities to protect against severe space
weather In particulay NERC has not publishedraliability standard foprotection against
geomagnetic disturbance. Were such a standard to exigt)dtreguire opeational plans to
disconnechigh voltagetransmissiorequipment whegeomagnetic disturbanee predicted.
Moreover, standards for protectigdevices such as blocking devicésr high voltage
transformerscould be specifiednd enforced.

The NERC BoardfoTrustees recognized the need for acborgeomagnetic disturbance twenty
years ago, in the aftermath of the 1989 Quebec blackout caused by space vddHRE

report, "March 13, 1989 Geomagnetic Disturbance,” recommends the use of blocking tdevices
protect high voltage transformers

Neutral-Blocking Capacitor

Capacitors installed between transformer neutrals and grounds can be very effective in blocking
ground-induced currents. Ideally, the capacitor should be very simple, should not increase
voltage stress on transformer insulation, should not have to be bypassed during faults
(eliminating the necessity for a complex bypass device) and should have a low 60 Hz impedance
(to avoid any impact on the system grounding coefficient). The cost of such a device, will of
course, have to be weighed against its simplicity, robustness, and reliability. Hydro-Québec is
currently studying a capacitor of this sort and if findings are promising, a prototype will be
installed for field testing and evaluation of long-term reliability and performance.

Belowis the full text of thel990Board of Trustees position statement on solar magnetic
(geomagneticllisturbance forecastirend the need for protective measures


http://www.nerc.com/files/NUC-001-2.pdf
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NERC Position Statement on
Solar Magnetic Disturbance Forecasting
Approved by the Board of Trustees
July 9, 1990

The North American Electric Reliability Council (NERC) strongly urges that
improvements be made to the SMD forecasting accuracy of the National Oceanic &
Atmospheric Administration. With the current activity on the sun projected to continue
well into the 1990s, NERC believes that a forecasting procedure to provide at least one
hour notice and an accuracy of at least 90% is required. This security margin will allow
sufficient time to implement special operating procedures.

The geomagnetic induced currents (GIC) that are imposed on electric systems as
a result of severe solar magnetic disturbances (SMD) pose a threat to the reliability of the
interconnected electric networks in the U.S. and Canada. The GICs cause transformers to
saturate and overheat. This results in depressed system voltages, failure or misoperation
of critical system voltage control devices, and damage to the transformers themselves. On
March 13, 1989, a severe SMD caused the total shutdown of the Hydro-Québec system in
Canada. Electric utilities across the northern latitudes of the U.S also experienced
transformer damage, depressed voltages, and the forced tripping of several voltage control
devices. While no widespread blackouts have yet occurred, the incident demonstrated the
potential damage to equipment and risk to system reliability. As a result, several control
areas have established SMD operating guidelines and study groups.

The nature of the sudden onset of SMD requires that an effective SMD forecasting
mechanism be in place to provide system operators with sufficient time to take preventive
measures to protect the reliability of the network. Current forecasting technology has not
proved to be sufficiently accurate or timely.

In 2005,NERC prepareda draft reliability guidelindor geomagnetic disturbancéhis draft
can be found at

http://www.nerc.com/files/GMD_Guideline_v2_clean.pdf

Since 2005 there have been numerous meetings and updates on the Sgbuiagnetic
disturbance but no reliability guideline or standard has been patlis

Due to the complexity of protecting the commercial grid, it is exceedingly unlikaty

protection against geomagnetic disturbance wiktf@evedn the near futureThe HILF report

explains the magnitude of effort required:

The interconnected and interdependent nature of the bulk power system requires that risk
management actions be consistently and systematically applied across the entire system to be
effective. The magnitude of such an effort should not be underestimated. The North American
bulk power system is comprised of more than 200,000 miles of high-voltage transmission lines,

thousands of generation plants, and millions of digital controls. More than 1,800 entities own and

operate portions of the system, with thousands more involved in the operation of distribution
networks across North America. These entities range in size from large investor-owned utilities
with over 20,000 employees to small cooperatives with only ten. The systems and facilities
comprising the larger system have differing configurations, design schemes, and operational


http://www.nerc.com/files/GMD_Guideline_v2_clean.pdf

30

concerns.Ref erring to any mitigat i-benplomy esdu,cch fai rseyxsp eems ia
Asi mpl ed i s hamcterizatiarcottlherwark requied to implement these changes.

The HILF report also describes the likely timeframe of any protective measures:

The Proposals for Action outlined in this report are intended to provide input into a formal action
plan to address these issues. They do not, in and of themselves, constitute this plan. The effort
needed to address these risks will require intense coordination and a significant resource
commitment from all entities involved. The time needed to address these issues and
complete the work contemplated herein will be measured in years. NERC and the U.S. DOE
will work together with the electric sector, manufacturers, and other government authorities to
support the development and execution of a clear and concise action plan to ensure
accountability and coordinated action on these issues going forward.

(Emphasis not in original.)

Some regional electric reliability organizations-s@a | | ed Ar egi onal entiti es
System Operators (ISO) have operatigrilahswherebycommerciapowergrids might be

managedo avoid damage from geomagnetic disturbaAceexample igiProcedures for Solar
Magnetic Disturbances Which Affect Eteic Power Systemsby Northeast Power

Coordinating Counci{fNPCC)(January 2007)which describes protection dfie power grid

covering New York State, the six New England States, and parts of CBeadase the area
covered by the NPCC has not yet esipnced a large geomagnetic disturbattoereis no

certainty that thie operationaplan would workMoreover, ISO andegionalentity plans, to the

extent that planexistat all, typically instructhat human operatofseducethe loadhgd r at her
thandisoonnect vulnerabl&ansformers entirely. For exampi@®rocedures for Solar Magnetic
Disturbances Which Affect Electric Power Systenspecifiestheseoperator actions:

4.2 Operator Action With the Onset of an SMD

On receiving from the Solar Terrestrial Dispatch a geomagnetic storm alert predicting at least a
40% probability of activity at levels of Kp 7, Kp 8 or Kp 9, or natification of significant GIC activity,
system operators may evaluate the situation and consider the following actions where
appropriate:

4.2.1 Discontinue maintenance work and restore out of service high
voltage transmission lines to service. Avoid taking long lines out
of service.

4.2.2 Maintain the system voltage within an acceptable operating
range to protect against voltage swings.

4.2.3 Reduce the loading on interconnections, critical transmission
facilities, and critical transmission interfaces to 90%, or less, of
their agreed limits.

4.2.4 Reduce the loading on generators operating at full load to
provide reserve power and reactive capacity.

4.2.5 Consider the impact of tripping large shunt capacitor banks and
static VAR compensators.

4.2.6 Dispatch generation to manage system voltage, tie line loading
and to distribute operating reserve.


http://www.npcc.org/viewDoc.aspx?name=c-15.pdf&cat=regStandProced
http://www.npcc.org/viewDoc.aspx?name=c-15.pdf&cat=regStandProced
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4.2.7 Bring equipment capable of synchronous condenser operation on
line to provide reactive power reserve.

(Emphasis in original.)

Any operational plan would relyn uncertainforecasts from the National Oceanic and
Atmospheric Administration (NOAA). NOAA, in turn, relies on datanh satellite assets that
may notwork perfectly and also have operational lifespiduas area fraction of the 4gear
standard licensure period for nuclear power plants

An articlepublished by NASAfSolar Shieléf Protecting the North American Power Grid
(October 2010¥e<ribes the necessity dfsconnecting transformers during geomagnetic
disturbancesnd also describes tspace weathdorecasting process:

...During extreme storms, engineers could safeguard the most endangered transformers
by disconnecting them from the grid. That itself could cause a blackout, but only temporarily.
Transformers protected in this way would be available again for normal operations when the
storm is over.

The innovation of Solar Shield is its ability to deliver transformer-level predictions. Pulkkinen
explains how it works: "Solar Shield springs into action when we see a coronal mass ejection
(CME) billowing away from the sun. Images from SOHO and NASA's twin STEREO spacecraft
show us the cloud from as many as three points of view, allowing us to make a 3D model of the
CME, and predict when it will arrive."

While the CME is crossing the sun-Earth divide, a trip that typically takes 24 to 48 hours, the
Solar Shield team prepares to calculate ground currents. "We work at Goddard's Community
Coordinated Modeling Center (CCMC)," says Pulkkinen. The CCMC is a place where leading
researchers from around the world have gathered their best physics-based computer programs
for modeling space weather events. The crucial moment comes about 30 minutes before
impact when the cloud sweeps past ACE, a spacecraft stationed 1.5 million km upstream
from Earth. Sensors onboard ACE make in situ measurements of the CME's speed, density, and
magnetic field. These data are transmitted to Earth and the waiting Solar Shield team.

"We quickly feed the data into CCMC computers," says Pulkkinen. "Our models predict fields and
currents in Earth's upper atmosphere and propagate these currents down to the ground.” With
less than 30 minutes to go, Solar Shield can issue an alert to utilities with detailed information
about GICs.

Pulkkinen stresses that Solar Shield is experimental and has never been field-tested during a
severe geomagnetic storm. A small number of utility companies have installed current monitors at
key locations in the power grid to help the team check their predictions. So far, though, the sun
has been mostly quiet with only a few relatively mild storms during the past year. The team needs
more data.

(Emphasis not in original.)

As theNASA article describes, for effective protection of extra high voltage transformers, the
transformers must be disconnectaxin the grig merereduction of loding may not be

sufficient.Because of the social and political consequencgs@b | ackout s due to
alarms, 0 human operators may be reluctant to
geomagneticaljnduced currents.


http://science.nasa.gov/science-news/science-at-nasa/2010/26oct_solarshield/
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The article also eiscribe the necessargle of the ACE spacecraiih the L1 orbital position

Notably, he ACE spacecraft givegpproximately30 minutes warning while NERC Board of
Trusteehad asked for one hour notice for dAsuffici
procedueso Regardless dNERC requestfor sufficient timeto allowhuman interventiorthe

laws ofphysicscannot be altered fgacethe L1orbital position farther from the earth

The ACE spacecratft is past its designed operational lifetime and no reptaceipliennedThe

January 2009erport by National Academy of d&ciences i
Understanding Societal and Explainstestausdftepact s W
space weather instrumentation and monitoring:

INSTRUMENTATION AND MONITORING:
THE SPACE WEATHER OBSERVATION SYSTEM

A number of participants offered comments on the current status and future prospects of the

nationébés system for monitoring space weather. One o
there in fact is no system specifically dedicated to monitoring space weather. As noted by Daniel

Baker (University of Colorado at Boulder), many of the measurements used by the Space

Weather Prediction Center (SWPC) for operations are actually taken from instruments designed

and tasked for scientific missions. Baker raised the question: Should our operational capacity for

space weather monitoring be dependent on scientific instruments and satellites? Is it prudent to

rely in this way on fAthe kindness of strangerso?

Pursuing this theme, several participants commented on a perceived fragility, or lack of

robustness, in the nationds capacity for space weat
Corporation) observed that many key parts of the system have no backups: single points of

failure, he argued, could substantially degrade or even halt operations. A critical weakness

in the present system, noted by a number of participants, is the reliance on the aging

Advanced Composition Explorer (ACE) spacecraft as virtually thenation 6s s ol e upstreanm
solar wind monitor. ACE, positioned at L1,% is now 11 years old, well beyond its planned

operational life, and the detector heads arelosinggai n. fAThere could be an el
failure, 0 Charles Hol mes (NASA Headquarters) pointe
As Baker noted, the | oss of L1 solar wind measur eme
a devastating loss to the nationalspace weat her capability. o I n a pres:
day, Thomas Bodgan of NOAAOGs Space Weather Predicti
Aicritical new directionso to fisecure [ an] operation

the participants, however, that no clear replacement for ACE is coming on line soon. Devrie
Intriligator (Carmel Research Center, Inc.) noted that the possibility of an L1 monitor supplied by
private industry had been discussed at other workshops. Although the Chinese are planning an
L1 monitor as part of the KuaFu space weather project, it will not be launched for several years.
Moreover, as William Murtagh (NOAA) cautioned, national security concerns must be taken into
account when decisions about the follow-on to ACE are being made. On an encouraging note,
Murtagh reported that the NASA Authorization Act (House Rule 6063, Section 1101) charges the
Office of Science and Technology Policy to work with NOAA, NASA, other federal agencies, and
industry to develop a plan for sustaining solar wind measurements from an L1-based spacecraft.

(Emphasis not in original.)

ASever e Space Widesstaridiag Sodetaleamdttiowmic Impacts Workshop
Reporb explains why current power grid operational procedures malyenatlequate:

Operational procedures used now by U.S. power grid operators have been developed largely
from experiences with recent storms, including the March 1989 event. These procedures are
generally designed to boost operational reserves and do not prevent or reduce GIC flows in the


http://www.nap.edu/openbook.php?record_id=12507&page=90#p200168f28940090001
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network. For large storms (or increasing dB/dt levels) both observations and simulations indicate
that as the intensity of the disturbance increases, the relative levels of GICs and related power
system impacts will also increase proportionately. Under these scenarios, the scale and speed of
problems that could occur on exposed power grids have the potential to impact power system
operators in ways they have not previously experienced. Therefore, as storm environments reach
higher intensity levels, it becomes more likely that these events will precipitate widespread
blackouts in exposed power grid infrastructures. The possible extent of a power system collapse
from a 4800 nT/min geomagnetic storm (centered at 50° geomagnetic latitude) is shown in Figure
7.1. Such dB/dt levelsd 10 times those experienced during the March 1989 stormd were reached
during the great magnetic storm of May 14-15, 1921.

ASevere Spaced Wdesstardiag Sodetalamttomic Impacts Workshop
Reporb concludes with a discussion of whgace weather forecashay not be the most
effective method of protectinggainst geomagnetic disturbance:

Much of the discussion appeared to support, explicitly or implicitly, the proposition that the nation
does in fact need a strong capacity for producing predictions and warnings about space weather
events. One participant, though, offered a contrarian view. Thomas Stansell (Stansell Consulting)
argued that attention should focus first not on prediction, but on mitigationd on construction of
hardened infrastructure able to continue operations without interruptions straight through severe
space weather events. For electric power delivery, satellite operations, and other core systems,
he claimed, extended service interruptions are unacceptable: hardened systems are essential.
Better mitigation would in turn make prediction less valuable. Advances in mitigation, Stansell
argued, would undermine the rationale for allocating resources toward monitoring space weather
conditions, or predicting severe space weather events. A strategy based on mitigation would also
imply different priorities for research.

By conducting a simpland very optimisti@robability calculation, one can easily seefdlacy

of primary reliarce on space weather forecasts amgkrational plasis u ¢ hPrageslurds for
Solar Magnetic Disturbances Which Affect Electric Power SysteAsexplained beforehis
plan does not requirghutting down the commercial grid to protect against geomagnetic
disturbance; instead the plan recommendsReduce the loading on interconnections, critical
transmissioriacilities, and critical transmission interfaces to 90%, or lesthedf agreed limita
As a resultthere is no 100% assurance that the extravogfage transformers will be protected.
Let us optimistically assume 8% chance that theperationaplan would protect extra high
voltage transformers. Let us optimistically assume that any spaceswéatitast would be
correct 90% of the timevhichwasthe goal set by the NERC Board of Trustees in 188tlly,
let us optimistically assume a 90% chance that the necessary satellite assets would be on station
and operating through the life of nuclear power plants. By multiplyiage threextremely
optimistic probabilies, we find only a 7 chance that space weather forecastoaedational
plans would protect against loagrm loss of commercial grid power.

Gerry CauleyPresident an@€EO of NERGC testified at a February 8, 2011 technical conference
held at FERC that a meeting to discuss mitigatiplansfor geomagnetic disturbaneell not be
held until April 2011

Let me turn now to a second category of emerging risk that | consider urgent because of the

potential consequences of physically damaging bulk power equipment and controls, that of

geomagnetic disturbances caused by solar flares. We will be convening industry experts at a

conference in April this year to validate near-term, cost-effective actions that can be taken to

better prepare the North American grid for | arge sc
We will be leveraging the mitigation strategies completed in Canada and the Northeast to mitigate

these risks after the 1989 Quebec disturbance. NERC will issue an alert with a set of specific

near-term actions and a timetable for responses.


http://ferc.gov/EventCalendar/Files/20110211121925-Cauley,%20NERC%20-%20Panel%202.pdf
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Intentionsfor the North American power grids be protected against damafyem geomagnetic
disturbancebased on meetings that have not yet happenedmardtionaplans thatmay not
work, arespeculativeand should not be the basis for nuclear safety

After diligent search, Petitioner was unable to find any studies or plarexngoentsponsored

or otherwise, that describe how the North American power grids could be reconfigured after loss
of 300extrahigh voltage transformefsepresenting approximately oteird of power

transmission capacity) nt o | ocal i zea thih astl amawsl dfr e@loiweb | vy
grid power to nuclear power plants and associated spentdaksl. 3 herefore, any hop#sat the

North American power grids could somehowdaeckly reconfigured after damage from
geomagnetidisturbance must be osideredspeculativé and such speculations should not be

the basis for nuclear safety.

6.8 Role of Other Government Agencies

Legislation andippellate court decisiotmave suggested that NRC may leave certain matters to
other agencies of tH8S Governmentjf these agecies adequately addressncers of public

health and safety. In the instant case of protection of nuclear power plants egaimsrcial

grid failure caused bgeomagnetic disturbance, thigé theory cannot apply, for thregasons.

First, there is no federal agency with the clear legal authorggt@and enforce a reliability

standard on geomagnetic disturbance. Second, experience within the existing legal structure has
demonstrated that no federal agency can indirectly establisiakilitsl standard on

geomagnetic disturbance within a reasonable timefraimed, other government agencies do

not currently have the appropriations and physical assets to protect public health and safety in
regard to geomagnetic disturbance.

FERC wagyranted limited legal authority over electric grid reliability by Electricity
Modernization Act of 2005The Act required that an Electric Reliability Organization (ER®)
certified by FERC. NERC has been certified as the ERO by FERC. NERC is thus charged with
setting electric reliability standards which then must be approved by FERC:

Subtitle Ad Reliability Standards
Electricity Modernization Act of 2005

SEC. 1211. ELECTRIC RELIABILITY STANDARDS.

(a) IN GENERAL.0 Part Il of the Federal Power Act (16 U.S.C.

824 et seq.) is amended by adding at the end the following:
06SEC. 215. ELECTRI C RELI ABILITY

66(b) JURI SDI CTI ON ANDPThaComMissiorsBall halefursdiction, within
the United States, over the ERO certified by the Commission under subsection (c), any regional
entities, and all users, owners and operators of the bulk-power system, including but not limited to
the entities described in section 201(f), for purposes of approving reliability standards established
under this section and enforcing compliance with this section. All users, owners and operators of
the bulk-power system shall comply with reliability standards that take effect under this section.
®@(2) The Commi ssion shal | thesequiresnenss offthissextionnotul e t o
later than 180 days after the date of enactment of this section.

06 ( c) CERT® Follo@iagTiHe B3uance of a Commission rule under subsection (b)(2),
any person may submit an application to the Commission for certification as the Electric
Reliability Organization. The Commission may certify one such ERO if the Commission
determines that such EROd

P

i m


http://www.gpo.gov/fdsys/pkg/PLAW-109publ58/pdf/PLAW-109publ58.pdf
http://www.gpo.gov/fdsys/pkg/PLAW-109publ58/pdf/PLAW-109publ58.pdf
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66(1) has the ability to detoe(e)@prelahility stadafdothat e, subj e
provide for an adequate level of reliability of the bulk-power system; and

606(2) has established rules that

06(A) assure its indepen dedopemtored thebbllepowessystesr, and owne
while assuring fair stakeholder representation in the selection of its directors and balanced

decisionmaking in any ERO committee or subordinate organizational structure;

06(B) allocate equitably rchargesamoaglendeserdioreab , f ees, and
activities under this section;

066(C) provide fair and i mpartial procedures for enf
imposition of penalties in accordance with subsection (e) (including limitations on activities,

functions, or operations, or other appropriate sanctions);

66( D) provide for r eas on publiceommenttduecpeoceasnopenmegsp or t uni t vy
and balance of interests in developing reliability standards and otherwise exercising its duties;

and

066 ( E) provi de f oation,tagplopriatagstepsdofgairerecogaiteon ih Cahada and

Mexico.

66(d) RELI ABI L Iar(Y Ti®ElAciOReRabilBy.Organization shall file each

reliability standard or modification to a reliability standard that it proposes to be made effective

under this section with the Commission.

66(2) The Commission may apprreliabdity standgardorul e or or der ,
modification to a reliability standard if it determines that the standard is just, reasonable, not

unduly discriminatory or preferential, and in the public interest. The Commission shall give due

weight to the technical expertise of the Electric Reliability Organization with respect to the content

of a proposed standard or modification to a reliability standard and to the technical expertise of a

regional entity organized on an Interconnection-wide basis with respect to a reliability standard to

be applicable within that Interconnection, but shall not defer with respect to the effect of a

standard on competition. A proposed standard or modification shall take effect upon approval by

the Commission.

06(3) The Electric Reliability Organization shall r
entity organized on an Interconnection-wide basis for a reliability standard or modification to a

reliability standard to be applicable on an Interconnection-wide basis is just, reasonable, and not

unduly discriminatory or preferential, and in the public interest.

66(4) The Commission shal |l QOrganuzatomforfudhertcdingdertiore ct r i ¢ F
a proposed reliability standard or a modification to a reliability standard that the

Commission disapproves in whole or in part.

66(5) The Commission, upon i mayordemtime Eleotric Rebabilityor upon c
Organization to submit to the Commission a proposed reliability standard or a modification to a

reliability standard that addresses a specific matter if the Commission considers such a new or

modified reliability standard appropriate to carry out this section.

(Ellipsis not in original)

Under this | egi sl at i vhastreahility o davelop and éntoree, daliegt ( NE
to subsection (e)(2), reliability standards thiatvide for an adequatevel of reliability of the
bulk-power system tn the drafing of standardshe FERCroleis limited to approval of
standar ds dev e [Themeardissibnymay appeoveliy Qite oridrder, a proposed
reliability standard or modification to a reliability standard determines that the standard is

just, rrasonable, not undudliscriminatory or preferential, and in the public intetest.] f FERC
determines that a necessary standard is missing or inadeitgiations are limited to ordering

that the ERO develop a standafiiilhe Commission, upon its own n or upon complaint,

may order the Electric Reliability Organization to submit toGleenmission a proposed

reliability standard or anodification toa reliability standard that addresses a specific matter if

the Commission considers such a new or medifieliability standardppropriate to carry out

this sectioro Notably, FERC cannot diate the wording of a standard and therefore cannot
unilaterally set or enforce a standard on geomagnetic disturbance.
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Five years after passage of thlectricity Modenization Act of 2005the designated ERO

(NERC) hasot proposed a standard on protection geomagnetic disturbadd¢eERC has not
ordereda standard on geomagnetic disturbance. In the past when FERC has encouraged
development of a standard to provideaiglle power to nuclear power plants, interested parties
have mounted legal and regulatahallenges, an example being the development dfiERC
Standard NU&@O01-1, which was modified t&tandard NUE01-2 after industry complaints. In

light of existingregulatory and legal structure, and demonstrated experience within this structure,
it is speculative to suggest that NERC/FERC will develop, approve, implement, and enforce a
regulatory standard on geomagnetic disturbance anytime soon. Such speculatithactbe

the basis for nuclear safety.

There are no current appropriations for a replacement to the ACE space weather monitoring
satellite. Future space weather forecasting capability may rely not on the assets of a US
Government agency, butonasatei t e controll ed by the Peopl eds

In summary, after over 2fears of evidenheed there isno regulatory standard or lawquiring
electric utilities tgprotect against severe space weather and resulting geomagnetic disturbance.
There & no federal agency that has the clear legal authority to set reliability standards on
geomagnetic disturbancéhe nongovernmental entity responsible for electric reliability,
NERC, has delayed 20 years in setting a reliability starfdaigeomagneticidturbanceBy
written account of responsible partiesya@ventual measures to protect the commercial grid
against geomagnetic disturbarvedd become effectivear into the operational life of nuclear
power plants and associated spent fuel pdoltheabsence ofuture appropriations for
governmentontrolled space weather forecasting resoudeasregulatory andegalauthority
of other government agencjesd actual measuresken to implemenglectric reliability
standard for geomagnetic distugmce the NRChas a regulatory obligation tacton its ownto
protect spent fuel poals

6.9 NRC Probabilistic Risk Assessment

The NRC staff calculated the probability of an accident resulting in a zirconium cladding fire and
associated radiation releaseNUREG-1738,"Technical Study of Spent Fuel Pool Accident

Risk at Decommissioning Nlear Power Plants,"” Februar@@lL. On théasis otthis

Probabilistic Risk AsessmerPRA), NUREG-1738concluded that the risk ofzrconium

cladding fire is low, prinipally because human operators would have several days to react to a
loss ofactive cooling and because sifé assistance would be available. The study summarized
the risk from zirconium fires:

This study documents an evaluation of spent fuel pool (SFP) accident risk at decommissioning
plants. The study was undertaken to develop a risk-informed technical basis for reviewing
exemption requests and a regulatory framework for integrated rulemaking...The staff based its
sensitivity assessment on the guidance in Regulatory Guide (RG) 1.174, An Approach for Using
Probabilistic Risk Assessment In Risk-Informed Decisions On Plant-Specific Changes to the
Licensing Basis."...The results of the study indicate that the risk at SFPs is low and well within the
Commission's Quantitative Health Objectives (QHOs). The risk is low because of the very low
likelihood of a zirconium fire even though the consequences from a zirconium fire could be
serious.

(Ellipses not in original document.)
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NUREG-1738 examined a number afcident scenarios, includiranethat inwlved loss of
offsite powelin the aftermath of severeeather:

Table 3.1 Spent Fuel Pool Cooling Risk Analysis — Frequency of Fuel Uncovery {(per year)

Frequency of Fuel Frequency of Fuel
Uncovery (EPRI Uncovery (LLNL

INITIATING EVENT hazard) hazard)
Seismic event * 2x10% 2x10%
Cask drop © 2.0x10% same
Loss of offsite power” initiated by severe 11107 same
weather
Loss of offsite power from plant centered 2.8x10% same
and grid-related events
Internal fire 2,310 same
Loss of pool cooling 1.4x10% same
Loss of coolant inventory 3.0x10% same
Aircraft impact 2.8x10% sama
Tomado Missile =1.0x10™ same
Total® 58107 2.4x10%

Forthe purposes @ comparison tthe PRA analysisof this Petition"Loss of offsite power
initiated by severe weatheisthe scenario closeto a severe space weatgepmagnetic
disturbancescenario Thisscenario assumes that it might be difficult for offsite help to reach the
spent fuel pool site. When all factors are coaesad,the NRC PRA showsa chance of zirconium
fire of 1.1 in 10 nillion per year.(The report assumed fire would occur if the fuel was uncovered
by water.)This extremely low probability relidseavily on theassumedntervention of human
operators at the spent fuel pool sitegdascribd in Industry Decommissioning Conmitments

(IDC). While these commitments are for decommissioned plants, similar licensure obligations
exist at operating nuclear pomgants with spent fuel pools.

NUREG-1738 explains the conditions of loss of offsite power from severe weather events:

3.4.4 Loss of Offsite Power from Severe Weather Events

This event represents the loss of SFP cooling because of a loss of offsite power from severe
weather-related events (hurricanes, snow and wind, ice, wind and salt, wind, and one tornado
event). Because of the potential for severe localized damage, tornadoes are analyzed separately
in Appendix 2E. The analysis is summarized in Section 3.5.3 of this study.

Until offsite power is recovered, the electrical pumps are unavailable and the diesel-driven fire
pump is available only for makeup. Recovery of offsite power after severe weather events is
assumed to be less probable than after grid-related and plant-centered events. In addition, it is
more difficult for offsite help to reach the site.
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The calculated fuel uncovery frequency for this event is 1.1x10™" per year. As in the previous
cases, this estimate was based on IDCs #2, #5, #8, #10 and on assumptions documented in SDA
#2 and SDA #3. In addition, IDC #3, the commitment to have procedures in place for
communications between onsite and offsite organizations during severe weather, is also
important in the analysis for increasing the likelihood that offsite organization can respond
effectively.

Table 4.11 delineates commitments which assume that botiteossd offsite personnel will be

available in the aftermath of a severe weather event and associated widespread commercial grid
outage.

Table 4.1-1  Industry Decommissioning Commitments (IDCs)

IDC Mo. Industry commitments

1 Cask drop analyses will be performed or single failure-proof cranes will be in
use for handling of heavy loads (i.e., phase Il of NUREG-0612 will be
implemented).

2 Procedures and training of personnel will be in place to ensure that onsite and

offsite resources can be brought to bear during an event.

3 Procedures will be in place to establish communication between onsite and
offsite organizations during severe weather and seismic events.

4 An offsite resource plan will be developed which will include access to portable
pumps and emergency power to supplement onsite resources. The plan would
principally identify organizations or suppliers where offsite resources could be
obtained in a fimely manner.

5 SFP instrumentation will include readouts and alarms in the control room (or
where personnel are stationed) for SFF temperature, water level, and area
radiation levels.

<] SFP seals that could cause leakage leading to fuel uncovery in the event of
seal failure shall be self limiting to leakage or otherwise engineered so that
drainage cannot ocour.

7 Procedures or administrative controls to reduce the likelihood of rapid
draindown events will include (1) prohibitions on the use of pumps that lack
adequate siphon protection or (2) controls for pump suction and discharge
points. The functionality of anti-siphon devices will be periodically verified.

8 An onsite restoration plan will be in place to provide repair of the SFP cooling
systems or to provide access for makeup water to the SFP. The plan will
provide for remote alignment of the makeup source to the SFP without
requiring entry to the refuel floor.

g Procedures will be in place to control SFP operations that have the potential to
rapidly decrease SFP inventory. Thesea administrative controls may require
additional operations or management review, management physical presence
for designated operations or administrative limitations such as restrictions on
heavy load movements

10 Routine testing of the alternative fuel pool makeup system components will be
performed and administrative controls for equipment out of service will be
implemented to provide added assurance that the components would be
available, if neaded.
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The analysis in NBEG-1738 uses PRAthat assumes both onsite and offsite resources:

Figure 4.4 Severe weather related loss of offsite power event tree
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4.4.6 Summary

Table 4.4 presents a summary of basic events used in the event tree for Loss of Offsite Power
from severe weather events.

As in the case of the loss of offsite power from plant centered and grid related events, based on
the assumptions made, the frequency of fuel uncovery can be seen to be very low. Again, a
careful and thorough adherence to NEI commitments 2, 5, 8 and 10, the assumption that
walkdowns are performed on a regular, (once per shift) basis is important to compensate for
potential failures to the instrumentation monitoring the status of the pool, the assumption that the
procedures and/or training are explicit in giving guidance on the capability of the fuel pool makeup
system, and when it becomes essential to supplement with alternate higher volume sources, the
assumption that the procedures and training are sufficiently clear in giving guidance on early
preparation for using the alternate makeup sources, are crucial to establishing the low frequency.
NEI commitment 3, related to establishing communication between onsite and offsite
organizations during severe weather, is also important, though its importance is somewhat
obscured by the assumption of dependence between the events OMK and OFD. However, if no
such provision were made, the availability of offsite resources could become more limiting.



Table 4.4 Basic Event Summary for Severe Weather Loss of Offsite Power Event Tree

Basic Event Name Description Basic Event Probability

IE-LP2 LOSP event because of 1.1E-02
severe-weather-related causas

HEP-DIAG-SFPLP2 Operators fall to diagnose loss of SFP 1.0E-5
cooling because of loss of offsite
power

HEP-RECG-DEPEN Failure to recognize need to cool pool 5.0E-2
given prior failure

HEP-SFP-STR-LP2 Operators fail to restart and align the 5.0E-4
SFP cooling systern cnce power is
recoverad

HEP-RECG-FWST-5W Operators fail to diagnose need to 1.0E-4
start the firewater system

HEP-FW-START-5W Operators fail to start firewater pump 1.0E-3
and provide alignment

HEP-FW-REP-DEPSW Repair crew fails to repair firewater 7.0E-2
system

HEP-FW-REP-NODSW Repair crew fails to repair firewater 1.8E-2
system

HEP-INV-OFFST-3W Operators fail to provide alternate 8.0E-2
sources of cooling from offsite

REC-OSP-SW Recovery of offsite power within 2.0E-2
24 hours

SPC-CKV-CCF-H Heat exchanger discharge check 1.9E-5
valves - CCF

SPC-CKV-CCF-M SFP cocling pump discharge check 3.2E-5
valves - CCF

SPC-HTX-CCF SFP heat exchangers - CCF 1.8E-5

SPC-HTX-FTR SFP heat exchanger cocling system 2.4E-4
fails

SPC-HTX-PLG Heat exchanger plugs 2.2E-5

SPC-PMP-CCF SFP cooling pumps - common causa 59E-4
failura

SPC-PMP-FTF-1 SFP cooling pump 1 fails to start and 3.9E3

mmn

40
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Table 4.4 Continued. Basic Event Summary for Severe Weather Loss
of Outside Power Event Tree

Basic Event Name Description Basic Event Probabifity
SPC-PMP-FTF-2 SFP cooling pump 2 fails to start and 3.9E-3

runm
FP-2PUMFS-FTF Failure of firewater pump system 6.7E4
FP-DGPUMP-FTF Failure of the diesel-driven firewater 1.8E-1

pump

Close examination of th&.oss of offsite power initiated by severe weathsa€&nario shows that
the NRC's calulated low probability of a zirconium fire is heavily dependent on a number of
assumptions: quick restoration of offsite power, availability of diesel fuel, intervention of onsite
human operators, andailability of offsite assistancdut as previouslputlined in this Petition,
these assumptions are in doubt in a scenario oftermg and widespread commercial grid
outage. Most significantly, the NRC probability calculation assumes a 98% chance of offsite
power recovery within 24 hours; however, as masly discussed, it is likely to tale leastl-2
years to replacextra high voltagérarnsformers damaged by geomagnetic disturbafise

result, previous NRC analysis of the probability of zirconium fires in spent fuel pools is not
applicable to a scarioof longterm and widespread commercial grid oetagused by
geomagnetic disturbance

6.100 A O E O BProbalil3ti Qisk A ssessment

The ug of Probabilistic Risk Asessmerttas been well established in NRC regulatory
procedure, including the rulekiag process. The NR@ublishedfiPolicy Statement on the Use
of Probabilistic Risk Assessment (PR)N August 16, 1995 (60 FR 42622). This statement
reads in part:

IV. The Commission Policy

Although PRA methods and information have thus far been used successfully in nuclear
regulatory activities, there have been concerns that PRA methods are not consistently applied
throughout the agency, that sufficient agency PRA/statistics expertise is not available and that the
commission is not deriving full benefit from the large agency and industry investment in the
developed risk assessment methods. Therefore the Commission believes that overall policy on
the use of PRA nuclear regulatory policy should be established so that the many potential
applications of PRA can be implemented in a consistent and predictable manner that promotes
regulatory stability and efficiency. This policy statement sets forth the Commission's intention to
encourage the use of PRA and to expand the scope of PRA applications in all nuclear regulatory
matters to the extent supported by the state of the art in terms of methods and data.
Implementation of the policy statement will improve the regulatory process in three areas:
Foremost through safety decision-making enhanced by the use of PRA insights; through more
efficient use of agency resources; and through a reduction in unnecessary burdens on licensees.

Therefore, the Commission adopts the following policy statement regarding the expanded NRC
use of PRA:

(1) The use of PRA technology should be increased in all regulatory matters to the extent
supported by the state of the art in PRA methods and data in a manner that complements the
NRC deterministic approach and supports the NRC's traditional defense in depth philosophy
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(2) PRA and associated analyses (e.g., sensitivity studies, uncertainty analyses, and importance
measures) should be used in regulatory matters, where practical within the bounds of the state-
of-the-art, to reduce unnecessary conservatism associated with regulatory requirements,
regulatory guides, license commitments, and staff practices. Where appropriate, PRA should be
used to support the proposal for additional regulatory requirements in accordance with 10 CFR
50.109 (Backfit Rule). Appropriate procedures for including PRA in the process for changing
regulatory requirements should be developed and followed. It is, of course, understood that the
intent of this policy is that existing rules and regulations shall be complied with unless these rules
and regulations are revised.

(3) PRA evaluations in support of regulatory decisions should be as realistic as practicable and
appropriate supporting data should be publicly available for review.

(4) The Commi ssionds safety goals f or opbiectivesar power
are to be used with appropriate consideration of uncertainties in making regulatory judgments on

the need for proposing and backfitting new generic requirements on nuclear power plant

licensees.

Under current design basaed licensure requineents, and assuming no letegm human

operator intervention, and also assuming that zircortlanded fuel rods uncovered by water
would spontaneously ignite, the probability of a zirconium fire in a spent fuel pool could be
roughly approximated by thegdvability of a longduration commercial grid outage to the
associated nuclear power plafis previously described in the currdgtition, for the 71 nuclear
power reactors and associated spent fuel pool
the chance of a lonterm commercial grid outage in any given year is 220Br one in one
hundred, according to the best scientific evidence now available. If one were to assume no
outside assistance for any nuclear power plant and spontaneous ign#i@ooium cladding
regardless of time elapsed since removal of fuel rods from the reactor core, the probability of
zirconium fire would be the same as the probability of {tevxgn commercial grid outage.

While many might consider the above assumptioreteeasonable and realistic, for the
purposes of this Petition, we conduct a sinipiRRA to more precisely gauge the probability of
zirconium fires at spent fuebpls due to geomagnetic disturbamaeel resultindong-term Loss

of Outside Power (LOOPThepurpose of this PRA is to show that an amendment to the CFR is
required. We do not attempt to conduct a PRA for any proposed solution, because we do not
know thespecificimplementations that may selected by licensbeaild thecurrentPetition be
approved

The chance of zirconium fires would be more precisely determined by the individual
probabilities of three events:

1. Severe space weather of sufficient intensity to cgesenagnetic disturbance alothg-
term and widespread commercial grid outage.

2. Outsde assistance becoming unavailable to nuclear power plants and associated spent
fuel pools.

3. Spontaneous ignition of zirconium fire should fuel rods become uncovered by water.

We examine the probability of each of these events below and then use théegshraedPRA
for spent fuel poolsinder the scenariof longterm LOOP.
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6.10.1 Probability of Long-Term LOOP

Severe space weathand resulting geomagnetic disturbace@sed by solar activity is a rare

event that occurs much less frequently than otheralgphenomena such as earthquakes,
hurricanes, volcanic eruptions, wildfires, etc. Unlike other natural phenomena which are

localized in their effects, severe space weather has the potential to affect large areas of the planet
nearly simultaneously. Theis has a regular }jear cycle of sunspot activignd throughout

each cycle significant flares and CorbNtass Ejections (CMESs) occufortunately, the

resulting CMEare not always pointed at earth, but those relatively small CMEs that do arrive at
earthallow astronomers to observe and judge their statistical frequency while most activity on
earth goes on unaffected.

A significant body of knowledge indicategtremeCMESs caused by solactivity hit the earth

roughly every 100 yeaimn averageimplyinga 1E2 (1%) yearly probabilityTwo incidences of

severe space weathand geomagnetic disturbanicave occurred inecently recorded histody

the 1859 Carrington Event and an evef comparake magnitude in 1921However it should

be noted that only tlse two storms have received recent scientific forensic analysis; there are a
number of other significant storms that may be similarly large but have not as of yet received any
detailed analysis in a modern forensic ba&isaller CMEs hit theearth on a m@ regular basis,
allowing researchers to imply the frequerey magnitudef more severe CMESs.

The effect of space weather on power grids is not theoretical or speculafigee weather has
already caused widespread blackouts such as the 1989 QuetkexiblBecause nuclear power
plants typically have large high voltage transformarder high base loathese plants and
surrounding grid infrastructure are most likely to experience-terrg commercial grid outage.
For example, the same CME that caliee 1989 Quebec blackout permanently damaged a
transformer at the Salem nuclear power plant in New Jersey.

Research othe effect of CMEsnd resulting geomagnetic disturbaocepower grids has been
conducted for many years by multiple researchers. Belale list of citations from the NERC
and Department of Energgponsored report on High Impact Low Frequency events:

Additional References on Geomagnetic Disturbdfents

1.t d® wd . NYySa yR Wd 2d zty 521SISBNFASFGAIT 90
Geomagnetic Storm Cycle 22: Power System Problems on the Horizon, Baeeldbession
Report, IEEE PES Summer Meeting, IEEE Publication 90-BHOA%71990

2.+® 50 ! foSNIazys abDS2YI3IySGiAO 5Aadldzniséay OS [/ | dz&
Geomagnetic Disturbances on Power Systems, Special Panel SessionlRERAPE=S Meeting,
90TH02915 PWRJuly 12, 1989.

3.5y b2NRST S FEdx {2t NI 9FFSOGZR:PoWer / 2YYdzy A O
System Problems on the Horizon, Specadd? Session Report, IEEE B&ESmer Meeting, |EE
Publication 90TH035Z-PWR1990.

4, w20SNII W wiaiydaftSS IyR WHYSa wod { (i SEEERGHEE G DS2 Y
Eng. Rev. 9(7), (July 1989).
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5 t® wod DFGdGSya SiG I dDvethéatingBue fo Sdar Magretic 2 F ¢ NI yaF
5A &0 dzND I y OS a =Geonmgnatié MsiutbaneF on{Péwier Siktems, S
Session Report, IEEE PES Summer Meeting, IEEE Publication 9GTIPYED1989

6. WO 5 ! 3L S& YR wo atiohondrStNiNgntTiadsform&E FSOG 2F 5/
DS2YI3AySiAOlIfte LYRdzOSR / dzNNBy (i & =162(11)93908 ¢ NI y a @
3712 (November 1983).

7.50 1 & . 20StSNISiG Ffdx a9FFSOGA 2F WY Iy SGAOL
{ @ a0 S YTans. Podvé& Delivery 4(l), (January 1989).

8. L999 t2¢SNI {eaiSYy wSftlreAay3da /2YYAliVagheaic?2 2Ny Ay 3
Disturbances on Protective Relayingeomagnetic Storm Cycle 22: Pov@gstem Problems on
the Horizon, Special Panel SeasReport, IEEE PES SumMeeting, IEEE Publication
90THO3574-PWR, 1990.

9. 5@ [ I NP a S-Duébet KySten! BlabkdLBOfMIDK Mo X My pZé 9FFSOGa 2
Geomagnetic Disturbances on Power Systems, Special Panel Session Report, SHEFWPES
Meeting,|[EEE Publication 90THO29PWR, 19809.

105 ! & Cl3IAyltys tod wd DIFIIGSYyar YR wODS2¥I Wykyiady
Storm Cycle 22: Power System Problems on the Horizon, Special Panel

11. Session Report, IEEE PES Summer Meeting, IEEE Ba@i@¢ai0354-PWR,1990.V. D.
lfoSNIiazys daSladaNBYSyda FyR LyaiGedogbeyicd GA2Yy F
{ G2 N)Y 9 Fe@tSoOSblacGedémagnétic Disturbances on Pov@rstems, Special Panel
Session Report, IEEE PES Summer Meeting, |IEEAtPPNSIOTHO295 PWR, 1989.

12 @ .2t Rdz0 SO Ff dX &/ dNNByida FyR | tNMAYNRAE IDRSWS
presented at the meeting of the IEEE T&D Working Groupemmagnetic Disturbances and
Power System Effects, IEEE PES Summer Mddimgeapolis, Minn., July 18, 1990.

Other published research on the effect of space weather on electric grids includes:

1. WOD® YI LIISY Yy [ doWd %I ySiGAsE 2 d! & wkRFA1&X af
Geomagnetic Storm Forecasts and the Power Indiis€ = 9h{ ¢ NI yal OdAz2zya 27F
Geophysics Union, Vol 78, No. 4, January 28, 1997,-4§.37

2. WOD® YIFLIISYYlLys 20! @ wlkRFalé&8Z W[ & DAfOSNIZE L
C2NBOIFadAy3ay ! wial al yl 3SYSyiEPagntSoci#y NJ 9f SOGN
Special Issue on Space Plasmas, December 2000, Vol 28, No. 6, pag&?2114

3Ll & 9NRYYST S WoeDd YIFLIISYYFEy: 20! d wlkRIFIaleéZ da
/ dZNNByYy (i wAiala 2y GKS bladAaz2ylf DQNRR S/YZ¥LIW2EMNI | 9
Atmospheric and Solar Terrestrial Physics (JASTP) Special Edition for NATO Space Weather
Hazards Conference, June 2000, Vol 64, (2002) pp/5&.3
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4. 2 @1 & wl RF&18% WoOD® YILLISYYLEysS wod t FTSTFASNE &b dzO
t 26SNJ LYTFTNF G NHZOGdzNB=¢ b. /-42wSLIR2 NI E CLHEftk2AyidSN

5. YFLIWISYYFyTX Wo DX a{(02N)Y &dzZRRSYy O02YYSyOSYSyid S
induced current risks to grourdlased systems atlodv I G A 1 dzZRS 'y R YARf I GAGdzRS
Weather, 1(3), 1016, doi:10.1029/2003SW000009, 2003.

6. YFLILISYYlIYyS WoS a¢KS 902t @Ay3I =+df ySNIGATAGE 27
doi:10.1029/2003SW000028, 2004.

7. John G KappenmahVilliam A. Radaskyames L. GilberéElectric Power Griduherability to
blFddzN* f YR LYdSydAzylt DS2YIF3aySGAO 5Aa0Gdz2NDBI yO
February 2005.

8. YFLIISYYlIYyS Wo FyR 20 whkRIaleas ¢22 LYLRNIFyG
S05001, doi:10.1029/2005SW000152, 2005,

9. John G. Kafpy Y I Gr&at Geomagnetic Storms and Extreme Impulsive Geomagnetic Field
Disturbance Events An Analysis of Observational Evidence including the Great Storm of May
19215 35th COSPAR Assembly publication in Advances in Space Reaagtt 2005.

10.Kappenmh y > Wd Dz al!y 2@0SNBASG 2F GKS AYLzZ aA@S 3
impacts associated with the violent Skiarth connection events of 291 October 2003 and a
O2YLI N GABS S@lfdzZ GA2Y SAGK 20KSNIC@2Yy(dSYLR NI NE
doi:10.1029/2004SW000128, 2005.

Direct observations and extensive research clearly shows that the probability-t#riong

commercial grid outageaused by space weatlialls well within the range that NR€hould
considerreasonably foreseeable. TBetober 201@ak Ridge National Laboratory pert,
AElectromagnetic Pulse: Effects on the U.S. Power,G&vds produced for theederal Energy
Regulatory Commission (FER in joint sponsorship with the Department of Energy and the
Department of Homeland Securifyhis report determined a specific frequency and a specific

0 ut c oBy@mulating the effects of a 1 in 100 year geomagnetic storm centered over southern
Canadathe computer models estimated the sections of the power grid expected to collapse
during a major EMP everit.

The Oak Ridge N#onal Laboratory hastaff devoted to the study dfd electric grichatits

Power and Energy Systems Group. Moreover, theRage National Laboratory has an
extensive history of publishing work on the effectsat#ctromagnetic pulsen the electric grid
Exampl es of pr evi cEledricyiktypBxpersehce lddusirpwithk ar e i
Geomagnetic Disturbanges ( No v e mb e tHEMPOE®érgenceg Plashnini and Operating
Procedures for Electric Power Systéms( Jul 'y 1993) .

For the purposes of this Petition, we tke Oak Ridge National Laboratorygability estimate

of 1E-2 (onein-one-hundred) per year for severe space weahdrgeomagnetic disturbance
sufficient to collapse two large portions of tderth Amerian power gd. Outright rejectiorof

the Oak Ridgestimate, or wholesale substitution of the Oak Ridge work with the work of a less
qualified bodycould be arbitrary, withoutubstantial evidence, and in direct conflict with the


http://www.ornl.gov/sci/ees/etsd/pes/pubs/ferc_Executive_Summary.pdf
http://www.ornl.gov/~webworks/cpr/v823/rpt/51089.pdf
http://www.ornl.gov/~webworks/cpr/v823/rpt/51089.pdf
http://www.osti.gov/bridge/purl.cover.jsp?purl=/6535803-lya02Y/
http://www.osti.gov/bridge/purl.cover.jsp?purl=/6535803-lya02Y/
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demonstrated fact of previous damadgextra high voltage transformers due to geomagnetic
disturbance. To the extent that there mightibeertainty in thé®ak Ridgeestimate, a
reasonable person would use sensitivity analysis to determine if any conclusions would be
affected by the degred oncertainty.

6.10.2 Probability of No Outside Assistance

Should electric power for active cooling of spent fuel pools ceasprdbebility preventing of a
zirconium fire then becomes parttiependent on the willingness and ability of human operators
to remain onsite to operate and maintain the pump and teesystem. The use of dubc

systems to provide makewatercould be operationally challengimand risky to workers

NUREGO 9 3 Besolufion of Generic Safety Issues: Issue 82: Beyond Design Basis Accidents
in Spent Fuel PoojJso makes this clear:

Ultimately, makeup to the pool could be supplied by bringing in a fire hose (60 gpm would
suffice). Although one would expect that the failure probability associated with bringing in a hose
(over a period of four or more days) would be very low, it must also be remembered that working
next to 385,000 gallons of potentially contaminated boiling water on top of a 10-story building is
not a trivial problem.

"Safety and Security of Commercial Spent Nuclear Fuel Stordge'examined the difficulty of
supplying makeup water once active cooling has ceased and water has boiled off:

Most immediately, ionizing radiation levels in the spent fuel building rise as the water level in the
pool falls. Once the water level drops to within a few feet (a meter or so) of the tops of the fuel
racks, elevated radiation fields could prevent direct access to the immediate areas around the lip
of the spent fuel pool building by workers. This might hamper but would not necessarily prevent
the application of mitigative measures, such as deployment of fire hoses to replenish the water in
the pool.

Despite the human dangers of mainitagy spent fuel pools under a condition of ldegnm loss of
outside power, we assume for the purposes of this Petition that all necessary personnel are
willing to remain onrsite. Continued maintenance of spent fuel pools then is conditional on
explicit ard implicit provision of outside assistance. Explicit outside assistandd include fire
trucks to pump makeup water and resupply of diesel fuel for backup generators. opdicié
assistancevould include supply of foodrad water for site personné&ther implicit outside
assistance would inclugeovision of spare parts for aling and makeup water systems.

In the event of longerm power loss affecting approximately etheéd of the US population,
including major east coast metropolitan areas,lang-term provision of outside assistance

would bein doubt.In partiaular, when the power grid is dowi is not 100% certaithat one

could call up the local fire department, order up a fire truck, have the fireanackrefighter
operatorsstay atthe spent fuel site for a period of months or years, and obtain resupply of diesel
fuel for the fire truck all the while.

Petitioner does not assert, based on personal conjecture, that absolutely no outside assistance
would be available to nuclear powdapts under a condition of2 years commercial grid

outage Neither does Petitionessert, based on personal conjecture, a 100% probability that
nuclear power pints experiencing longermcommercial grid outageill continue to receive

outside assistaeg¢including supplies of fuesimply because a government plan proraisech
support.Petitioner does rely on the findings of ttengressionalhcharteredEMP Commission


http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/082r3.html
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/082r3.html
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thatsupplies for food, fuel, and potable water will be restricted duringtemmggrid ouage.
Petitioner then reasonalilyplies that outside assistance to nuclear power plants will be
similarly restricted for 12 yearsUse ofpersonakonjecture to assert that supplies of food,
water, and fuel will continue to be freedyailable or wholesale substitution of the work of the
EMP Commission for the work @f lessqualified body could result in amrbitrary conclusion

without substantial evidence.

Classified plans mayxeést for military assistance touclear power plants; howevgust because

a plan is classified does not mean it will be 100% effective. Even miptang would be

reduced in effectiveneslspersonnel are restricted in access to supplies of food,,\watéfuel.
And if several dozen nuclear power plants were to itfeowt outside power for an extended
period, any available government resources would be stretched thin.Wéiay wish that the

military or otherfederal agency wouldde to the rescue in the event of widespread grid outage,
Petitioner isremindeddafhe ol d proverb, #@Alf wishes

wer e
Wishesfor certaintyof a favorable outcomieave no place in probabilistic risk assessment.

For the purposes of this Petition, Petitiomssumsa 5E1 (50%) chance afontinuingoutside

assistancéo nuclear power plantsver a 12 year periocof commercial grid outagé his
represents eeasonablenidpoint estimate.

6.10.3 Probability of Spontaneous Zirconium Ignition

As a bounding assumption, NUREK338 assumed thatrzonium fire wouldoccur if thetops

of fuel rods became uncoverby water regardless of complicating factors such as the length of

time sincghe most recent refuelindensity of fuekods in the pool, andrculation of air within
the spent fuel pool. Subsequent diiksg analysis othe probability of zirconium fires was

performedby Sandia National Laboraies,i Mi t i gat i on of -&-Qalart

Inventory Accidents and Extension of Refereilant Analyses t@ther SpenE u e |

Pool

Sandia Letter RepgrRevision 2 (November 2008hcorporates and summarizes the Sandia
Studies. This document dSedtwersiitgyn aReldatied fli rcfi ar

In response to a Freedom of Information Act request, a redacted version of a Sandia report,
AMELCOR 1.8.5Separate Effect Analyses of Spent Fuel Pool Assembly Accident Response

June 2003was releasedhe original report consisted of 95 pages, but the redacted version
consists of little more than a portion of the executive summary, principal heanlitige table of
contents, and a partial list of tables and figures. In total, the redacted version runs 12 pages, with
nearly 5 pages of white space r EanpletdLosoi s .

Coolant Inventory Accident a Padiallfossof-Coolant Accident 6 The execut i

this report reads in part:

In 2001, United State Nuclear Regulatory Commission (NRC) staff performed an evaluation of the
potential accident risk in a spent fuel pool (SFP) at decommissioning plants in the United States

[NUREG-173 8]. The study was prepared to provide a technical basis for decommissioning

rulemaking for permanently shutdown nuclear power plants. The study described a modeling

approach of a typical decommissioning plant with design assumptions and industry commitments;
the thermal-hydraulic analyses performed to evaluate spent fuel stored in the spent fuel pool at

decommissioning plants; the risk assessment of spent fuel pool accidents; the consequence

calculations; and the implications for decommissioning regulatory requirements. It was known that

some of the assumptions in the accident progression in NUREG-1738 were necessarily

conservative, especially the estimation of the fuel damage. Furthermore, the NRC desired to

expand the study to include accidents in the spent fuel pools of operating power plants.
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Consequently, the NRC has continued spent fuel pool accident research by applying best-
estimate computer codes to predict the severe accident progression following various postulated
accident initiators. This report presents the results of separate effect calculations used to better
understand the postulated accident behavior in SFPs.

The MELCOR 1.8.5 severe accident computer code [Gauntt] was used to simulate the SFP
accident response. MELCOR includes fuel degradation models for BWR and PWR fuel, radiation,
convection, and conduction heat transfer models, air and steam oxidation models, hydrogen burn
models, two-phase thermal-hydraulic models, and fission product release and transport models.
Hence, it contains the basic models to address questions and phenomena expected during a
spent fuel pool accident.

Table E-1 summarizes the types of calculations that were performed. The types of calculations
are divided into four parts; Part | - Decay heat evaluations, Part 2 - Separate Effect Air Cases,
Part 3 - Separate Effect Water Cases, and Part 4 - Separate Effect Propagation Cases.

The body of the Sandia report reads in part:

Background

In 2001, the NRC staff performed an evaluation of the potential accident risk in a SFP at
decommissioning plants in the United States [NUREG-1738]. The study was prepared to provide
a technical basis for decommissioning rulemaking for permanently shutdown nuclear power
plants. The study described a modeling approach of a typical decommissioning plant with design
assumptions and industry commitments; the thermal-hydraulic analyses performed to evaluate
spent fuel stored in the spent fuel pool at decommissioning plants; the risk assessment of spent
fuel pool accidents; the consequence calculations; and the implications for decommissioning
regulatory requirements. It was known that some of the assumptions in the accident progression
in NUREG-1738 were necessarily conservative, especially the estimation of the fuel damage.
Furthermore, the NRC desired to expand the study to include accidents in the spent fuel pools of
operating power plants. Consequently, the NRC has continued spent fuel pool accident research
by applying best-estimate computer codes to predict the severe accident progression following
various postulated accident initiators. The present report documents the use of separate effect
models to develop a methodology to perform SFP accident analyses as well as to assess the
importance of uncertain and variable parameters. In Section 1.1, a description of the key
phenomena expected in a SFP accident is presented. Two types of SFP accidents will be
described, air cases and partial water cases. The present report examines the coolability of
various assembly configurations to both complete and partial loss-of-coolant inventory accident
(i.e., air and water cases, respectively). Next, Section 2 discusses the SFP geometry, the
analysis methodology, and the MELCOR separate effects input model. Section 3 gives the results
from the simulations. Finally, Section 4 gives the conclusions and Section 5 gives the references.

Petitioner does not know the complete contents of the classified Sandia dtoaveser, any
reasonable person would conclude that there are cgrsaimie circumstances under which
zirconium cladding will spontaneously heat up and catch fire. If this was not true, the reports
would not be classified.

Nearly all spent fuel pools store fuel rods in high density racks surrounded by boron partitions to
prevent criticality. Under a gradual baiff scenario, the water at the bottom of the partitions

would prevent natural air convectionoling from occurring. Gradual bedff would be he least
favorableconvectioncooling case ands aresult, the chancef spontaneous zirconium ignition

is greatly increased.he NationalAcademies of Science repgiafety and Security of

Commercial Spent Nuclear Fuel Stordgeescribes the risk of spontaneous zirconium ignition

in the case of gradual beoff, herereé r r e d t o -lessof-packchglantr tsicaeinar i o
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The global analysis modeled the actual design and fuel loading pattern of the reference BWR
spent fuel pool. The pool was divided into seven regions based on fuel age. Within each of those
seven regions, the model for the fuel racks was subdivided into 16 zones. The grouping of
assemblies into zones reduced the computational requirements compared to modeling every
assembly.18 Two scenarios were examined: (1) a complete loss-of-pool-coolant scenario in which
the pool is drained to a level below the bottom of spent fuel assemblies; and (2) a partial-loss-of-
pool-coolant scenario in which water levels in the pool drain to a level somewhere between the
top and bottom of the fuel assemblies. In the former case, a convective air circulation path can be
established along the entire length of the fuel assemblies, which promotes convective air cooling
of the fuel, in the latter case, an effective air circulation path cannot form because the bottom of
the assembly is blocked by water. Steam is generated by boiling of the pool water, and the
zirconium cladding oxidation reaction produces hydrogen gas. This analysis suggests that
circulation blockage has a significant impact on thermal behavior of the fuel assemblies. The
specific impact depends on the depth to which the pool is drained.

The global analysis examined the thermal behavior of fuel assemblies in the pool at 1, 3, and 12
months after the offloading of one-third of a core of spent fuel from the reactor. Sensitivity studies
were carried out to assess the importance of radiation heat transfer between different regions of
the pool, the effects of building damage on releases of radioactive material to the environment,
and the effects of varying the assumed location and size of the hole in the pool wall.

The results of these analyses are provided in the c
scenarios, the fuel could be air cooled within a relatively short time after its removal from the

reactor. If a loss-of-coolant event took place before the fuel could be air cooled, however, a

zirconium cladding fire could be initiated if no mitigative actions were taken. Such fires could

release some of the fuel ds radioactive materi al i nv
aerosols.

For a partial-loss-of-pool-coolant event, the analysis indicates that the potential for
zirconium cladding fires would exist for an even greater time (compared to the complete-
loss-of-pool-coolant event) after the spent fuel was discharged from the reactor because
air circulation can be blocked by water at the bottom of the pool. Thermal coupling between
adjacent assemblies will be due primarily to radiative rather than convective heat transfer.
However, this heat transfer mode has been modeled simplistically in the MELCOR runs
performed by Sandia.

(Emphasis not in original.)

A key finding of theNational Academy of SciencéSafety and Securitgf Commercial Spent
Nuclea Fuel Storage” report céirms that spent fuel sted in watepoolsneeds an active heat
removal system for at least one year after removal from the reactor core

FINDING 3A: Pool storage is required at all operating commercial nuclear power plants to cool
newly discharged spent fuel. Freshly discharged spent fuel generates too much decay heat to be
passively air cooled. This fuel must be stored in a pool that has an active heat removal system
(i.e., water pumps and heat exchangers) for at least one year before being moved to dry storage.
Most dry storage systems are licensed to store fuel that has been out of the reactor for at least
five years. Although spent fuel younger than five years could be stored in dry casks, the changes
required for shielding and heat-removal could be substantial, especially for fuel that has been
discharged for less than about three years.

(Emphasis not in original.)

Otherpublic evidence suggests that zirconium cladding may spontaneously igihite much
longer decay timéhan one yearfor example, NURE&®933,iResolution of Generic Safety
Issues: Issue 82: Beyond Design Basis Accidents in SpehPBols(Rev. 3) (NUREG0933,



http://www.nap.edu/openbook.php?record_id=11263&page=53#p2000e2968960053001
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/082r3.html
http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0933/sec3/082r3.html
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Main Report with Supplement§3 3 J & a d &fter foéghly three years of storage, spent fuel
can be ahcooled, i.e., such fuel need not be submerged to prevent mefiing

In summary, there is substantial evidence in thdipuécord including evidence from the
classified Sandia repothatzirconiumcladded fuel rods a denseonfigurationandunder a

partial loss of coolant scenario wowddontaneously ignite for a substanpatiodof time after
removal from the redor core, perhaps as long as three years. There is minimal evidence in the
public record that zirconiuraladded fuel rods in a dense configuration and under a partial loss
of coolant scenario would be safe less than one year after removal from theaewctor

For thepurposes of this Petitiome assume that if spent fuel rotfethave been outside the
reactor core for one year or less, they will spontaneously igrgtadiualwater boitoff (partial

loss of coolant) occurdNuclear power plants hawetypicalrefueling cycle ofL8-24 months.

Here we make the boundiragsumption that refueling takes place every 24 moAtha.result,

at any random point in time, there would be 50% chance of spontaneous zirconium cladding
ignition, because half of teme betweenmefuelingthe rods would have been out of the core one
year or les§12 months/24 months = 50%).

While theremay be some uncertainty in thesumptiorof 50% chance of spontaneous

zirconium ignition any reasoable person would not rejectethssumption outright but would

instead use sensitivity analysis before coming to any conclusions about the safety of spent fuel
pools.To reject this quantified assumptiontrightwi t h a qual i tative statert
assumption is overly conservatie oulddbe arbitrary andithout substantial evidence.

Petitioner recognizes that the period since removal from the reactor core that would result in
spontaneous zirconium ignitipas determined by experimentation or modelmgy constitute
classifiedinformation. But the mere fact that this informatimight be classified should not be
grounds for denial ahe Petition; such a decision could be arbitrary and witbolstantial
evidencan the public recordin any case, thelassification of informaon regarding the safety

of various decay periods would have absolutely no effie¢heprobability ofspontaneous
zirconium ignition; paper documents do not change the laws of physics.
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6.10.4 PRAEvent Tree for Long-Term LOOP Scenario

To determine therobabilityof zirconium cladding fires at spent fuel pools after the initiating
event of longterm loss of outside power, one must take admunt the individual probabilities

of three events:

1 Longterm LOOP
1 No outsideaassistance
1 Spontaneous zircomu ignition

Below is presented a simple Probabilistic Risk Assessment (B} tredo estimatea
frequencyfor spontaneous zZipbnium ignition.

Basic Event Summary for Lofi@rm Loss of Qutside Powe

Basic Event Name Description Basic Event Problity
LTLOOP Loss of Outside Power for 2 Years 1.00E02
NOA No Outside Assistance/No Lomgrm 5.00E01
Presence of Human Operators Ons
SZI Spontaneous Zirconium Ignition 5.00E01
LongTerm Loss of Outside Power Event Tree
Long Spontaneous End
Term No Outside| Zirconium Sequence State
LOOP Assistance | Ignition # | Name Name | Freguency
Zirconium
LTLLOOROASZI 1 LTLLOOROASZI Ignition 2.50E03
LTLLOCROA
LTLOOP 2 LTLLOCROA OK 5.00E03
3 LTLOOP OK 1.00E02

As the above assessment showsfrbguencyfor zirconium cladding fires is estimated at 25E
or 0.25% per reactor year.
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6.10.5 Individual Risk Estimates

NUREG-1738 predici early fatalities and longerm consequences shoairconium cladding
fires occur. Atextualsummary ofgraphicalinformation in NUREG1738 concludes:

An examination of Figure 3.7-1 indicates the following:

1 Early fatality consequences for spent fuel pool accidents can be as large as for a
severe reactor accident even if the fuel has decayed several years. This is
attributable to the significant health effect of ruthenium, and the ruthenium-106 half-life of
about 1 year. There is also an important but lesser contribution from cesium.

1 Alarge ruthenium release fraction is important to consequences, but not more important
than the consequences of a reactor accident large early release.

1 The effect of early evacuation (if possible) is to offset the effect of a large ruthenium
release fraction. This effect is comparable to that for reactor accidents.

1 For the low ruthenium source term, no early fatality is expected after 1 year decay even
with late evacuation.

For the longer term consequences Figure 3.7-2 indicates:

1 Long-term consequences remain significant as long as afire is possible. These
consequences are due primarily to the effect of cesium-137, which remains
abundant even in significantly older fuel because of its long (30-year) half-life.
Ruthenium and evacuation have notable long-term consequences but do not change the
conclusion.

(Emphasis not in original.)

NUREG-1738 use$wo scenarios to determine estimatésdividual risk. Table 3.71 below
displays results from thidigh Ruthenium Source Term scenario drable 3.72 displays results
from the LowRuthenium Source Term scenario.



Table 3.7-1 .
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Consequences of an SFP Accident With a High Ruthenium Source Term (per
event) '
Mean Consequences for High Ruthenium Source Term (Surry population,
95% evacuation) :
Individual Risk*
Societal Dose Individual Risk* | of Latent Cancer
Time After (p-rem within 50 | of Early Fatality Fatality (within
Shutdown Early Fatalities miles) (within 1mile) 10 miles)
Late Evacuation

30 days 192 2.37x107 4.43x10? 8.24x10?
90 days 162 2.25x107 4.19x10? 8.20x10°

1 year 77 1.93x107 3.46x102 8.45x102

2 years 19 1.69x107 2.57x102 8.42x102
5 years 1 1.45x107 8.96x107 7.08x10°%
10 years - 1.34x107 4.68x10% 6.39x102

Early Evacuation

30 days 7 1.35x107 2.01x10* 4.79x10°
S0 days 4 1.28x107 1.87x10° 4.77x10°

1 year 1 1.12x10° 1.50x10° 4.33x10°

2 years - 9.93x10° 1.12x10° 3.70x10°
5 years - 8.69x10° 3.99x10* 2.93x10°
10 years - 8.13x10° 2.05x10* 2.64x103

* Conditional on event - Total frequency for ali events is shown in Table 3.1 as less than 3x10° per year.
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Table 3.7-2 Consequences of an SFP Accident With a Low Ruthenium Source Term (per
event)
Mean Consequences for Low Ruthenium Source Term (Surry population,
95% evacuation)
Individual Risk*
Societal Dose Individual Risk® { of Latent Cancer
Time After {p-rem within 50 | of Early Fatality Fatality {within
Shutdown Early Fatalities miles) {within 1mile) 10 miles)
Late Evacuation

30 days 2 5 58x10° 1.27x10° 1.88x107

90 days 1 5.43x10° 9.86x10° 1.82x10%

1 year 1 §.28x10¢ 713x10° 1.68x107
2years 5.12x108 5 84x10° 1.58x10%

5 years 4.80x10° 3.18x10° 1.43x10%

10 years 4 7210F 1.63x10° 1,210

Early Evacuation

30 days - 4.12%10° 8.36x10 9.92%x10*

90 days - 4.02x10° 6.83x10* 9.62x10

1 year 3.95x10° 5.44x10* 9.00x10*

2 years 3.B87x10° 44110 8.71x10°

5 years - 37710 2 S4x10* 8.14x10*

10 years - 3.69x10° 1.47x10* 7.70x10%

* Conditional on event - Total frequency for all events is shown in Tabile 3.1 as less than 3x10* per year.

NUREG-1738 explains the differences between the High Ruthenium Source Term and Low
Ruthenium Source Term scenarios:

The consequences in Table 3.7-1 are based on the upper bound source term described in
Appendix 4B. With the exception of ruthenium and fuel fines, the release fractions are from
NUREG-1465, "Accident Source Terms for Light-Water Nuclear Power Plants" (Ref. 1), and
include the ex-vessel and late in-vessel phase releases. The ruthenium release fraction is for a
volatile fission product in an oxidic (rather than metallic) form. This is consistent with the
experimental data reported in Reference 8. The source term is considered to be bounding for
several reasons. First, rubbling of the spent fuel after heatup to about 2500 OK is expected to
limit the potential for ruthenium release to a value less than that for volatile fission products.
Second, following the Chernobyl accident, ruthenium in the environment was found to be in the
metallic form (Ref. 2). Metallic ruthenium (Ru-106) has about a factor of 50 lower dose conversion
factor (rem per Curie inhaled) than the oxidic ruthenium assumed in the Melcor Accident
Consequence Code System (MACCS) calculations. Finally, the fuel fines release fraction is that
from the Chernobyl accident (Ref. 3). This is considered to be bounding because the Chernobyl
accident involved more extreme conditions (i.e., two explosions followed by a prolonged graphite
fire) than an SFP accident. In subsequent discussions, this source term is referred to as the high
ruthenium source term.
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The consequences obtained using the source term in NUREG-1465 (which treats ruthenium as a
less volatile fission product) in conjunction with SFP fission product inventories are provided in
Table 3.7-2 for comparison. In subsequent discussions, this source term is referred to as the low
ruthenium source term.

The consequence calculations for both the high and low ruthenium source terms assume that all
of the fuel assemblies discharged in the final core off-load and the previous 10 refueling outages
participate in the SFP fire. These assemblies are equivalent to about 3.5 reactor cores.
Approximately 85 percent of all the ruthenium in the pool is in the last core off-loaded since the
ruthenium-106 half-life is about 1 year. For cesium-137, with a 30-year half-life, the inventory
decays very slowly and is abundant in all of the batches considered. The staff assumed that the
number of fuel assemblies participating in the SFP fire remains constant and did not consider the
possibility that fewer assemblies might be involved in an SFP fire in later years because of
substantially lower decay heat in the older assemblies. Based on the limited analyses performed
to date, fire propagation is expected to be limited to less than two full cores 1 year after shutdown
(see Appendix 1A). Thus, the assumption that 3.5 cores participate adds some conservatism to
the calculation of long-terms effects associated with cesium, but is not important with regard to
the effects of ruthenium.

The journal articl8BReducing the Hazards from Stored Spent PeResctor Fuel in the United

States 0 A p r 03] Rolint AlvargzQet al., (publishedSgience and Global Securitgpring

2003) analyzed the risk from zirconium cladding fires at spent fuel ptwdsNRC published a
subsequent rebuttad the articleon its websitefiFact Sheet on NRC Review of Paper on

Reducing Hazards from Stored Spent Nuclear.F@el Thi s rebutt al reads i

Overestimation of Radiation Release

In estimating fuel damage, the paper again makes reference to past NRC studies which
conservatively assumed bounding pool configurations for cooling analysis and conservatively
assumed the extent of radiation release. In the 1997 Brookhaven National Laboratory (BNL)
study, ASeivkerts in Spent Fuel Pools in Support of
(NUREG/CR-4982), it was assumed that 10-100% of the cesium-137 was released to the
atmosphere. Similarly in NUREG-1738 the base case assumed the release of 75% of the total
cesium-137 inventory. The assumption of such a large release in NUREG-1738 was a large
conservatism which was tolerable for the purposes of that study. However, it is neither a realistic
estimate nor an appropriate assumption for a risk assessment of security issues where realism is
needed. Ongoing research to address these issues includes more detailed realistic analyses of
the thermal response of fuel to loss of water scenarios and more detailed, realistic analyses of the
radionuclide releases for those scenarios where adequate cooling is not maintained. Based on
preliminary analyses, we conclude that spent fuel in pools is more easily cooled even in the event
of a complete loss of water. Further, preliminary analysis indicates that previous NRC estimates
of the quantities of fission products released were high by likely an order of magnitude. Earlier
NRC studies used large conservatisms, in generic calculations, with simplified modeling.


http://www.princeton.edu/sgs/publications/articles/fvhippel_spentfuel/rAlvarez_reducing_hazards.pdf
http://www.princeton.edu/sgs/publications/articles/fvhippel_spentfuel/rAlvarez_reducing_hazards.pdf
http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/reducing-hazards-spent-fuel.html
http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/reducing-hazards-spent-fuel.html
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The NRC r e bFurther préliminagyandlysis indicates that previodRC estimates of
the quantities of fissioproducts released were highlikely an order of magnitude. sAhe
rebuttal states\RC analysis divergent with NUREG738 wa preliminary and, significantly,
not published for peer review.

The PRA of this Pdion does not use the assumptionidRe duci ng t he Hazar ds
SpentPoweReact or Fuel i rbut dobseause ihdividuat risk eStimatds &msn, 0
NUREG-1738. For the purposes of analysis in this petition, we selected the individudbrisks

one year after shutdown, the equivalent of one year after removal of fuel rods from the reactor
core. We also selected the A95% Late Evacuat.
percentage might be substantially lower in the case of commerdalgage, we confine

ourselves to the estimates published in NUREGS.

We took care to naise theestimates deriveftom bounding assumptionghe High Ruthenium

Source Term) in our PRA, but instead rely on the more optimistic estiofatetividual risk

from the Low Ruthenium Source Term scenarie difference betweehe individual risks of

latent cancer fatalities fdhe high and low ruthenium source term scersaisa factor of 5.05
Although the individual risk estimates were originally deypeld for the population surrounding

the Surry site in Virginia, the estimates can be applied to other populations because they are for
individual risk rather than population riék.

There isuncertainty in the assumptioosed inthe NUREG1738regardingthe fraction of
Cesiuml37releasedas there is uncertainty in any set of assumptions. Howanwgmreasonable

person would not reject thiedividual risk estimates from NURE®G738outright but would

instead use sensitivity analysi® reject published ésnateswi t h a st at ement suct
assumptions might be overly conservatwea n or der of magni tudeo coul
without substantial evidence, espedty if any work divergent from NUREGL738is

unpublished.

! Individual risk estimates in NURE®38 assume 3.5 reactor cores in the spent fuel pool, equivalent to the last 10
refuelings. Information provided dtttp://www.nrc.gov/waste/spentfuel-storage/nuefuel-pool.html shows that
nearly all spent fuel pools are at full capacity in 2011 (approximately 8 reactor cores per pool). While Ruthenium
decays quickly, the majority of Cesitir87 with a haHife of 30 yars would remain in older reactor cores.

Individual risk estimates for latent cancer fatalities in NURESB may be optimistic if zirconium fire propagates

to all cores in the spent fuel pool, resultimmore Cesiurl37 releases than assumed in the NGRE38

estimates.

NUREGMT 0y &G+ G8&Y G!' t GK2dZAK GKS 1620S O02YLI NRazya F2O0dz
generally applicable to other sites as well. The QHOs represent risk to the average individual within 1 mile and 10
miles of theplant, and should be relatively insensitive to the sitd JS OA FA O LJ2 LJdzf F G A 2y d¢


http://www.nrc.gov/waste/spent-fuel-storage/nuc-fuel-pool.html
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6.10.6 Comparison of Spent Fuel Pool Risk to NRC Safety Goals
NUREG-1738 contains a summary of NRC safety goals as they pertain to spent fuel pools:

SFP Risk Relative to the Safety Goal Policy Statement

The "Policy Statement on Safety Goals for the Operation of Nuclear Power Plants," issued in
1986, establishes goals that broadly define an acceptable level of radiological risk to the public as
a result of nuclear power plant operation. These goals are used generically to assess the
adequacy of current requirements and potential changes to the requirements. The Commission
established two qualitative safety goals that are supported by two quantitative objectives for use
in the regulatory decision-making process. The qualitative safety goals stipulate the following:

1 Individual members of the public should be provided a level of protection from the
consequences of nuclear power plant operation such that individuals bear no significant
additional risk to life and health.

1 Societal risks to life and health from nuclear power plant operation should be comparable
to or less than the risks of generating electricity by viable competing technologies and
should not be a significant addition to other societal risks.

The following quantitative health objectives (QHOSs) are used in determining achievement of the
safety goals:

1 The risk to an average individual in the vicinity of a nuclear power plant of prompt
fatalities that might result from reactor accidents should not exceed one-tenth of 1
percent (0.1 percent) of the sum of prompt fatality risks resulting from other accidents to
which members of the U.S. population are generally exposed.

The risk to the population in the area near a nuclear power plant of cancer fatalities that might
result from nuclear power plant operation should not exceed one-tenth of 1 percent (0.1 percent)
of the sum of cancer fatality risks resulting from all other causes.

These QHOs have been translated into two numerical objectives as follows:

1 Theindividual risk of a prompt fatality from all "other accidents to which members of the
U.S. population are generally exposed,” such as fatal automobile accidents, is about
5x10™ per year. One-tenth of 1 percent of this figure implies that the individual risk of
prompt fatality from a reactor accident should be less than 5x10” per reactor year.

1 "The sum of cancer fatality risks resulting from all other causes" for an individual is taken
to be the cancer fatality rate in the U.S. which is about 1 in 500 or 2x107 per year. One-
tenth of 1 percent of this risk means that the risk of cancer to the population in the area
near a nuclear power plant due to its operation should be limited to 2x10°® per reactor

year.
We calculated probable individual risks by determining the yearly probability of a spent fuel
pool zirconium fireand thermu | t 1 pl yi ng by i ndividual risks fc

Accident With a Low RutheniundinSable8R2m Term (pe
NUREG-1738for a "OneYear After Shutdown, Late EvacuatloscenarioWe then compared
probable individual riss to the NRC Safety Goals for Operation of Nuclear Power Plants.

As the below analysis shows, the probable individual risk of early fatalities at spent fuel pools
exceeds the NRC safety goal by a factor of 35.7. The probable individual risk of cartber dea
exceeds the NRC safety goal by a factor of 21.0.
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Spent Fuel Pool Riskar Individualsper Reactor Year

Early Cancer

Fatality Death

Probability of Longerm Loss of Outside Power 1.0E02 1.0E02
Probability ofNo Outside Assistance 5.0E01 5.0e01
Probability of Spontaneous Zirconium Ignition 5.0E01 5.0E01
Overall Probability of SFP Radiation Release 2.5E03 2.5E03
Individual Risk from SFP Event 7.13E03 1.68E02
Probable Individual Risk 1.78E05 4.20E05
NRC Safety Goal 5.00E07 2.00E06
Ratio of Probable Individual RiskN&RGGoal 35.7 21.0

NUREG-1738 also states the appropriate standard to be used in evaluating Large Early Release
Frequency (LERF) for spent fuel pools:

In the study, the staff stated that consequences of an SFP fire are sufficiently severe that the RG
1.174 large early release frequency baseline of 1x10 per reactor year is an appropriate
frequency guideline for a decommissioning plant SFP risk and a useful measure in combination
with other factors such as accident progression timing, for assessing features, systems, and
operator performance for a spent fuel pool in a decommissioning plant.

We calculated the probability of LERF by multiplying the yearly probability of a-teng

LOOP event, the pratbility of outside assistance being unavailable, and the probability of
spontaneous zirconium ignition. As the below analysis shows, the risk of LERF from spent fuel
pools exceeds the NRC staff guiseliby a factor of 250

L ERF Spent Fuel Pool Risk pea®or Year

Frequency

per Reactor

Year

Probability of Longrerm Loss of Outside Power 1.0E02
Probability of No Outside Assistance 5.0E01
Probability of Spontaneous Zirconium Ignition 5.0E01
Overall Probability of SFP LERF 2.5E03
NRCO_ERFRuideline 1.0E05

Ratio of Probable SPF LERF to NRC Guideline 2.5E+02
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6.10.7 Sensitivity Analysis

For the purposes of this Patit we take the probability fdong-term loss of outside powes
presented by Oak Ridge National Laboratory. ptodabilty of outside assistanés a midpoint
estimate of the Petitioneisingthe EMP Commissioreportsand scenarioBom the Department
of Homeland Security. Thgrobability of spntaneous zirconium ignition is a midpoint estimate
of the Petitioneusing daafrom NUREG-1738 and studies lihie National Academy of
Sciencesind Sandia National Laboratori&¥hile the Petitioner believes its assumptions to be
optimistic, a rigorous PRA requires sensitivity analy§lse below sensitivity analysis presents
moreevenoptimistic singlevariable assumptions and then compares risk results to the NRC
safety goals and LERF guideline.

Sensitivity Analysis for Sinad€ariable Assumptions

Ratio of Risk Result to NRC Goal/Guideline

Assumption Early Fatalities Caner Deaths LERF
Severe Space Weather Once Every 100
Years 3.6 2.1 25.0

Space Weather Forecasting System, 95
Forecast Accuracy, 100% Operational P

Effectiveness 1.8 1.1, 125
Probability of Outside Assistance at 959 3.6 21| 25.0
No Spontaneus Zirconium Ignition with

Decay Time of 1 Month or More 3.0 18| 20.8

Order of Magnitude Downward
Adjustment to Early Fatality and Latent
Cancer DeatlndividualRisks 3.6 2.1| 250.0

The above analysis shows tlradividual assumptions could be moigrsficantly more

optimistic and the NRC safety goals and LERF guideline would still not be met. For example,
severe space weather argultinggeomagnetic disturbance could occur only once in one
thousand years, on average, and the NRC safety goal&Edtie guideline would still not be

met. Alternatively, 95% of nuclear power plants could receive outside assistance and the NRC
safety goals and LERF guideline would still not be met. Spontaneous zirconium igoitidn c

be asamed tooccuronly within a deay time of one month and the NRC safety goals and LERF
guideline would still not be met. A space weather forecasting system with 95% accuracy could
be provided to power grid operators, also assuming that commercial grid operational plans are
100% effectiveand the NRC safety goals and LERF guideline would still not be met.
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Even if onewere to make two or more assumptions significantly more optimisti¢. ERé
guidelinewould still not be méin mostcircumstances. The below table shows more optimistic
multiple-variable assumptions and then quaresresults to the NRC safety goals and LERF
guideline.

Sensitivity Analysis for MultiplevVariable Assumptions

Ratio of Risk Result to NRC Goal/Guideline

Assumptions Early Fatalities Cancer Deaths LERH
Severe Space Weather Once Every 200
Years, 95% Forecast Accuracy, 100%

Operational Plan Effectiveness 0.9 05| 6.3

Probability of Outside Assistance at 95%
No Spontaneous Zirconium Ignition with
Decay Time of 1 Month or More 0.3 02| 21

Sevee Space Weather Once Every 200
Years, 95% Forecast Accuracy, 100%
Operational Plan Effectiveness, Probabili
of Outside Assistance of 95% 0.1 0.1| 0.6

As the above table showsjs possible to construobsy scenariswhere the NRC safetyoals
would be met. It ismuch harder to constructealisticscenario where the LERF guidsdi would
be met. Tk LERF guideline remains unmet in most circumstabeesuse the fundamental risk
with spent fuel pools is the large and probable release of radioactteeiah as the
unabbreviated name of the LERF guideline suggesigie Early Release Frequendyhe NRC
safety goals are easier to meet because the individual risk estimates from NIJBE&ssume
95% evacuationThere is of course, an exa@dingly goodeason whyhe most torturednd
unrealisticassumptionsire necessary twonstruct a scenario whdneththe NRC safety goals
and LERF guideline are met: Petitioner has identified a realgyrothat needs a real solutjon
not just administrative action
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6.10.8 Site-Specific Consequence Estimates

In order to estimate probabilistic benefits from bringing spent fuel pools within NRC safety
goak, sitespecific analysis is required. Each spent fuel pool is surrounded by a unique
configuration of human populan. Moreover, spent fuel pools vary in thember of years
remaining in reactor licensure period.

6.10.81 Site-SpecificProbability of Zirconium Cladding Fires

To calculate the sitepecific probability of zirconium cladding fires at spéuel poolspne must
multiply the individual probabilities ahree factors:

1 Probability oflong-term Lossof Outside Power (LOOP)
1 Probability ofno outsideassistance
1 Probability of spontaneowsrconium ignition

The probability of longgerm LOOPat a specific séis dependent on the probability of severe

space weathggeomagnetic disturbanead resulting power system collapse in any given year

and also dependent on the number of years remaining in reactor licensure period. The probability
of LOOP can bealculaed using thdormula from extreme value theory:

Pe= 17 [1-(UT)]"

Where:

Pe = EventProbability
T = Return PeriodYears between Extreme Events)
n = Number of Years

Notably, under extreme valdleeory, there is never a 100% probability of an ewesdurring,
even ovem specific period 0100 years if the annuglobability isonein-onehundred, or 1%.
In fact, the probability for apecificonehundred year period is 63%Although over a long
time, events would occur every one hundred yeamsverage) For the period 1922010since
the last severe space weather emviat probability of aevere space weather event wa%60

As previously described in this Petition, we assume the probability otitside assistante be
50% and the probabtiy of spontaneous ignition afrconium cladding to be 50%Vhen
calculations are done on a plaptecific basistesultingzirconiumfire probabilities range from
0% forplants outside the Area of Probable Power Systeltagse to 7.9% for theogtle 2
plantin Georgia.

These probability calculations assume that in the event of a widespread atetifiong
commercial grid collapse affecting most of the eastern United States population centers, grid
powerwill continue uninterruptetb the rest of the countrHowever, the Area of Probable
Power System Collap8eand by implication, plant specific ri8kwas determined assuming no
cascading failures and no secondary economic effects. Because of the real paxsgbitityre
severe geomagnetic disturbance thanquted in the Oak Ridge report, asidong-term grid
outages extending beyond the Area of Probable Power System Cdltepgmposed rule in the
currentPetition shouldhot be sitespecific, but shouldpply to all nuclear power plantsdan
associatedpent fuel pools.



Probability of Zirconium Fire at Spent Fuel Pools

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within

Area of

Probable

Power

System

Collapse State

yes Alabama
yes Alabama
yes Alabama
no Alabama
no Alabama
no Arizona
no Arizona
no Arizona
no Arkansas
no Arkansas
no California
no California
no California
no Califania
yes Connecticut
yes Connecticut
no Florida
no Florida
no Florida
no Florida
no Florida
yes Georgia
yes Georgia
yes Georgia
yes Georgia
yes lllinois
yes lllinois
yes lllinois

yes lllinois

Plant

Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Farley 1

Farley 2

Palo Verde 1
Palo Verde 2
Palo Verde 3

Arkansas Nuclear 1
Arkansas Nuclear 2
Diablo Canyon 1
Diablo Canyon 2

San Onofre 2
San Onofre 3
Millstone 2
Millstone 3
Crystal River 3
St Lucie 1

St Lucie 2
Turkey Point 3
Turkey Point 4
Hatch 1

Hatch 2
Vogtle 1
Vogtle 2
Braidwood 1
Braidwood 2
Byron 1

Byron 2

Estimates Over Remaining Reactor Operation
Page 1 of 4

50%
50%

Years

Remaining LongTerm Probability Zirconium

in Reactor LOOP of Water  Fire

Operation Probability Boil-Off Probability
22 19.8% 9.9% 5.0%
23 20.6% 10.3% 5.2%
25 22.2% 11.1% 5.6%
26 0.0% 0.0% 0.0%
30 0.0% 0.0% 0.0%
14 0.0% 0.0% 0.0%
15 0.0% 0.0% 0.0%
16 0.0% 0.0% 0.0%
23 0.0% 0.0% 0.0%
27 0.0% 0.0% 0.0%
13 0.0% 0.0% 0.0%
14 0.0% 0.0% 0.0%
11 0.0% 0.0% 0.0%
11 0.0% 0.0% 0.0%
24 21.4% 10.7% 5.4%
34 28.9% 14.5% 7.2%
5 0.0% 0.0% 0.0%
25 0.0% 0.0% 0.0%
32 0.0% 0.0% 0.0%
21 0.0% 0.0% 0.0%
22 0.0% 0.0% 0.0%
23 20.6% 10.3% 5.2%
27 23.8% 11.9% 5.9%
36 30.4% 15.2% 7.6%
38 31.7% 15.9% 7.9%
15 14.0% 7.0% 3.5%
16 14.9% 7.4% 3.7%
13 12.2% 6.1% 3.1%
15 14.0% 7.0% 3.5%
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Probability of Zirconium Fire at Spent Fuel Pools

Estimates Over Remainirigeactor Operation

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within
Area of
Probable
Power

System
Collapse
yes
yes
yes
yes
yes
no
no
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
no
no
no
no
no
no
no
yes
yes
yes
yes
yes

State
Illinois
Illinois
Illinois
Illinois
Illinois
Illinois
Illinois

lowa
Kansas
Louisiana
Louisiana
Maryland
Maryland
Massachusetts
Michigan
Michigan
Michigan
Michigan
Minnesota
Minnesota
Minnesota
Mississippi
Missouri
Nebraska
Nebraska
New Hampshire
New Jersey
New Jersey
New Jersey
New Jersey

Plant

Clinton
Dresden 2
Dresden 3

La Salle 1

La Salle 2
Quad Cities 1
Quad Cities 2
Duane Arnold
Wolf Creek
River Bend
Waterford
Calvert Cliffs 1
Calvert Cliffs 2
Pilgrim

Cook 1

Cook 2

Enrico Fermi 2
Palisades
Monticello
Prairie Island 1
Prairie Island 2
Grand Gulf
Callaway
Cooper

Fort Calhoun
Seabrook
Hope Creek
OysterCreek
Salem 1
Salem 2

Page 2 of 4

50%
50%

Years

Remaining LongTerm Probability Zirconium

in Reactor LOQP of Water Eire

Operation Probability Boil-Off Probability
15 14.0% 7.0% 3.5%
18 16.5% 8.3% 4.1%
20 18.2% 9.1% 4.6%
11 10.5% 5.2% 2.6%
12 11.4% 5.7% 2.8%
21 0.0% 0.0% 0.0%
21 0.0% 0.0% 0.0%
3 0.0% 0.0% 0.0%
34 0.0% 0.0% 0.0%
14 0.0% 0.0% 0.0%
13 0.0% 0.0% 0.0%
23 20.6% 10.3% 5.2%
25 22.2% 11.1% 5.6%
1 1.0% 0.5% 0.3%
23 20.6% 10.3% 5.2%
26 23.0% 11.5% 5.7%
14 13.1% 6.6% 3.3%
20 18.2% 9.1% 4.6%
19 0.0% 0.0% 0.0%
2 0.0% 0.0% 0.0%
3 0.0% 0.0% 0.0%
13 0.0% 0.0% 0.0%
13 0.0% 0.0% 0.0%
3 0.0% 0.0% 0.0%
22 0.0% 0.0% 0.0%
19 17.4% 8.7% 4.3%
15 14.0% 7.0% 3.5%
18 16.5% 8.3% 4.1%
5 4.9% 2.5% 1.2%
9 8.6% 4.3% 2.2%
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Probability of Zirconium Fire at Spent Fuel Pools

Probability of No Outside Asdiance

Probability of Spontaneous Zirconium Ignition

Within

Area of

Probable

Power

System

Collapse State

yes New York

yes New York

yes New York

yes New York

yes New York

yes New York

yes North Carolina
yes North Carolina
yes North Carolina
yes North Carolina
yes North Carolina
yes Ohio

yes Ohio

yes Pennsylvania
yes Pennsylvania
yes Pennsylvania
yes Pennsyvania
yes Pennsylvania
yes Pennsylvania
yes Pennsylvania
yes Pennsylvania
yes Pennswania
yes South Carolina
yes South Carolina
yes South Carolina
yes South Carolina
yes South Caraha
yes South Carolina

yes South Carolina

Estimates Over Remaining Reactor Operation

Page 3 of 4
50%
50%

Years

Remaining LongTerm Probability Zirconium

in Reactor LOOP of Water  Fire
Plant Operation Probability Boil-Off Probability
FitzPatrick 23 20.6% 10.3% 5.2%
Ginna 18 16.5% 8.3% 4.1%
Indian Point 2 2 2.0% 1.0% 0.5%
Indian Point 3 4 3.9% 2.0% 1.0%
Nine Mile Point 1 18 16.5% 8.3% 4.1%
Nine Mile PoinR 35 29.7% 14.8% 7.4%
Brunswick 1 25 22.2% 11.1% 5.6%
Brunswick 2 23 20.6% 10.3% 5.2%
Harris 35 29.7% 14.8% 7.4%
McGuire 1 30 26.0% 13.0% 6.5%
McGuire 2 32 27.5% 13.8% 6.9%
DavisBessie 6 5.9% 2.9% 1.5%
Perry 15 14.0% 7.0% 3.5%
Beaver Valley 1 5 4.9% 2.5% 1.2%
Beaver Valley 2 16 14.9% 7.4% 3.7%
Limerick 1 13 12.2% 6.1% 3.1%
Limerick 2 18 16.5% 8.3% 4.1%
Peach Bottom 2 22 19.8% 9.9% 5.0%
Peach Bottom 3 23 20.6% 10.3% 5.2%
Susquehanna 1 11 10.5% 5.2% 2.6%
Susquehanna 2 13 12.2% 6.1% 3.1%
Three Mile Island 23 20.6% 10.3% 5.2%
Catawba 1 32 27.5% 13.8% 6.9%
Catawba 2 32 27.5% 13.8% 6.9%
Oconee 1 22 19.8% 9.9% 5.0%
Oconee 2 22 19.8% 9.9% 5.0%
Oconee 3 23 20.6% 10.3% 5.2%
Robinson 19 17.4% 8.7% 4.3%
Summer 31 26.8% 13.4% 6.7%
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Probability of Zirconium Fire at Spent Fuel Pools

Probabiity of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within
Area of
Probable
Power

System
Collapse
yes
yes
yes

no

no

no

no

yes
yes
yes
yes
yes
yes
yes
yes
yes

State
Tennessee
Tennessee
Tennessee
Texas
Texas
Texas
Texas
Vermont
Virginia
Virginia
Virginia
Virginia
Washington
Wisconsin
Wisconsin
Wisconsin

Estimates Over Remaining Reactor Operation

Page 4 of 4
50%
50%

Years

Remaining LongTerm Probability Zirconium

in Reactor LOOP of Water Eire
Plant Operation Probability Boil-Off Probability
Sequoyah 1 9 8.6% 4.3% 2.2%
Sequoyah 2 10 9.6% 4.8% 2.4%
Watts Bar 24 21.4% 10.7% 5.4%
Comanche Peak 1 19 0.0% 0.0% 0.0%
Comanche Peak 2 22 0.0% 0.0% 0.0%
Souh Texas 1 16 0.0% 0.0% 0.0%
South Texas 2 17 0.0% 0.0% 0.0%
Vermont Yankee 1 1.0% 0.5% 0.3%
North Anna 1 27 23.8% 11.9% 5.9%
North Anna 2 29 25.3% 12.6% 6.3%
Surry 1 21 19.0% 9.5% 4.8%
Surry 2 22 19.8% 9.9% 5.0%
Columbia 12 11.4% 5.7% 2.8%
Kewaunee 2 2.0% 1.0% 0.5%
Point Beach 1 19 17.4% 8.7% 4.3%
Point Beach 2 22 19.8% 9.9% 5.0%
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6.108.2 Probable Fatalities Due toionium Cladding Fires

Population within a radius of plant sites can be estimated using block data from the 2000 US
Census (the most recent data currently available). For each plant we obtained the population
within 1 mile and 10 mile radiuses using trendView6 computer program from the US Census
Bureau. Zirconium fire probabilities for each plant can be multiplied by population and
individual risk factors to obtain probable early fatalities Eteintcancer deaths.

Because most nuclear power plants lacated in unpopulated areas, thenber of residents
within 1 mileof plants is low in most cases. In fact, 37 out of 104 plant sites have no residents
within 1 mile. Accordingly, the estimates for early fatalities are low.

However, the number of pe@pliving within 10 miles of nuclear power plant sitesnsre
significant, ranging from 2,851 for theofimbia sitein WashingtorStateto 257,474 at the
Indian Point site north of New York City.

Reasonable people might assert that the individual riskadetogy of NUREGL738 used to

calculate probable fatalities is unduly optimistic. NURE%38 assumes no early fatalities for
individuals living more than one mile away from nuclear power plant sites and assumes no latent
cancer deaths for individuals Ing more than 10 miles away. Nonetheless, for the sake of
optimism, we use the NURE®G738 methodology.

For some plants, probable deaths are zero because they are sited outside of the Area of Probable
Power System Collapse. Over the United States as a whcligding areas outside of the Area

of Probable Power System Collapse, we estimate 3.92 probable early fatatit&4 20

probable cacer deaths for the period over which the reactors continue operating
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Probable Fatalities Due to Loss of Power ffwent Fuel Pools

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within
Area of
Probable
Power

System
Collapse
yes
yes
yes
no
no
no
no
no
no
no
no
no
no
no
yes
yes
no
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
yes

State
Alabama
Alabama
Alabama
Alabama
Alabama
Arizona
Arizona
Arizona
Arkansas
Arkansas
California
California
California
California
Connecticut
Connecticut
Florida
Florida
Florida
Florida
Florida
Georgia
Georgia
Georgia
Georgia
Illinois
Illinois
Illinois
Illinois

Plant

Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Farley 1

Farley 2

Palo Verde 1
Palo Verde 2

Palo Verde 3

Arkansas Nucledr
Arkansas Nuclear 2
Diablo Canyon 1
Diablo Canyon 2

San Onofre 2
San Onbre 3
Millstone 2
Millstone 3
Crystal River 3
St Lucie 1

St Lucie 2
Turkey Point 3
Turkey Point 4
Hatch 1

Hatch 2
Vogtle 1
Vogtle 2
Braidwood 1
Braidwood 2
Byron 1

Byron 2

Estimates Over Remaining Reactor Operation
Page 1 of 4

50%
50%
Pop.

Zironium Pop.  within Probable Probable

Eire within 10 Early Cancer

Probability 1 Mile Miles Fatalities Fatalities
5.0% 0 32,751 0.00 27
5.2% 0 32,751 0.00 28
5.6% 0 32,78 0.00 31
0.0% 0 9,795 0.00 0
0.0% 0 9,795 0.00 0
0.0% 0 3,203 0.00 0
0.0% 0 3,203 0.00 0
0.0% 0 3,203 0.00 0
0.0% 231 46,451 0.00 0
0.0% 231 46,451 0.00 0
0.0% 0 24,084 0.00 0
0.0% 0 24,084 0.00 0
0.0% 0 74,169 0.00 0
0.0% 0 74,169 0.00 0
5.4% 517 117,615 0.20 106
7.2% 517 117,615 0.27 143
0.0% 0 18,663 0.00 0
0.0% 0 160,073 0.00 0
0.0% 0 160,073 0.00 0
0.0% 0 104,389 0.00 0
0.0% 0 104,389 0.00 0
5.2% 0 8,339 0.00 7
5.9% 0 8,339 0.00 8
7.6% 0 2,990 0.00 4
7.9% 0 2,990 0.00 4
3.5% 884 32,361 0.22 19
3.7% 884 32,361 0.23 20
3.1% 21 24,887 0.00 13
3.5% 21 24,887 0.01 15
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Probable Fatalities Due to Loss Bbwer for Spent Fuel Pools

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within
Area of
Probable
Power

System
Collapse
yes
yes
yes
yes
yes
no
no
no
no
no
no
yes
yes
yes
yes
yes
yes
yes
no
no
no
no
no
no
no
yes
yes
yes
yes
yes

State
Illinois
Illinois
Illinois
Illinois
Illinois
Illinois
Illinois

lowa
Kansas
Louisiana
Louisiana
Maryland
Maryland
Massachusetts
Michigan
Michigan
Michigan
Michigan
Minnesota
Minnesota
Minnesota
Mississippi
Missouri
Nebraska
Nebraska
New Hampshire
New Jersey
New Jersey
New Jersey
New Jersey

Plant

Clinton
Dresden 2
Dresden 3

La Salle 1

La Salle 2
Quad Cities 1
Quad Cities 2
Duane Arnold
Wolf Creek
River Bend
Waterford
Calvert Cliffs 1
Calvert Cliffs 2
Pilgrim

Cook 1

Cook 2

Enrico Fermi 2
Palisades
Monticello
Prairie Island 1
Prairie Island 2
Grand Gulf
Callaway
Cooper

Fort Calhoun
Seabrook
Hope Creek
Oyster Creek
Salem 1
Sakm 2

Estimates Over Remaining Reactor Operation
Page 2 of 4

50%
50%
Pop.

Zirconium Pop. within  Probable Probable

Eire within 10 Early Cancer

Probability 1 Mile Miles Fatalities Fatalities
3.5% 0 12,326 0.00 7
4.1% 134 64,843 0.04 45
4.6% 134 64,88 0.04 50
2.6% 5 13,923 0.00 6
2.8% 5 13,923 0.00 7
0.0% 0 30,985 0.00 0
0.0% 0 30,985 0.00 0
0.0% 7 101,695 0.00 0
0.0% 0 4,846 0.00 0
0.0% 53 24,633 0.00 0
0.0% 256 80,758 0.00 0
5.2% 30 40,524 0.01 35
5.6% 30 40,524 0.01 38
0.3% 613 69,854 0.01 3
5.2% 114 53,351 0.04 46
5.7% 114 53,351 0.05 52
3.3% 21 87,086 0.00 48
4.6% 29 31,619 0.01 24
0.0% 94 43,181 0.00 0
0.0% 219 26,923 0.00 0
0.0% 219 26,923 0.00 0
0.0% 0 7,628 0.00 0
0.0% 11 6,238 0.00 0
0.0% 0 4,665 0.00 0
0.0% 17 17,244 0.00 0
4.3% 852 117,769 0.26 86
3.5% 0 32,622 0.00 19
41% 1,275 120,110 0.38 83
1.2% 0 32,622 0.00 7
2.2% 0 32,622 0.00 12



69

Probable Fatalities Due to Loss of Power for Spent Fuel Pool:

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within
Area of
Probable
Power

System
Collapse
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

State

New York

New York

New York

New York

New York

New York
North Carolina
North Carolina
North Carolina
North Carolina
North Carolina
Ohio

Ohio
Pennsylvania
Pennsylvania
Pennsylvania
Pennsylvania
Pennsylvania
Pennsylvania
Pennsylvania
Pennsylvania
Pennsylvania
South Carolina
South Carolina
South Carolina
South Carolina
South Carolina
South Carolina
South Carolina

Estimates Over Remaining Reactor Operation

Page 3 of 4
50%
50%
Pop.

Zirconium Pop. within  Probable Probable

Eire within 10 Early Cancer
Plant Probability 1 Mile Miles Fatalities Fatalities
FitzPatrick 5.2% 10 38,737 0.00 34
Gnna 4.1% 177 53,810 0.05 37
Indian Point 2 0.5% 1,510 257,474 0.05 22
Indian Point 3 1.0% 1,510 257,474 0.11 43
Nine Mile Point 1 4.1% 10 38,571 0.00 27
Nine Mile Point 2 7.4% 10 38,571 0.01 48
Brunswick 1 5.6% 314 24,186 0.12 23
Brunswick 2 5.2% 314 24,186 0.12 21
Harris 7.4% 0 53,629 0.00 67
McGuire 1 6.5% 120 118,694 0.06 130
McGuire 2 6.9% 120 118,@4 0.06 137
DavisBessie 1.5% 90 17,061 0.01 4
Perry 3.5% 189 76,201 0.05 45
Beaver Valley 1 1.2% 470 145,409 0.04 30
Beaver Valley 2 3.7% 470 145,409 0.12 91
Limerick 1 3.1% 661 213586 0.14 110
Limerick 2 4.1% 661 213,586 0.19 148
Peach Bottom 2 5.0% 127 41,081 0.04 34
Peach Bottom 3 5.2% 127 41,081 0.05 36
Susquehanna 1 2.6% 163 53,058 0.03 23
Susquehanna 2 3.1% 163 53,058 0.04 27
Three Mile Island 5.2% 358 185,780 0.13 161
Catawba 1 6.9% 191 140,492 0.09 162
Catawba 2 6.9% 191 140,492 0.09 162
Oconee 1 5.0% 18 71,183 0.01 59
Oconee 2 5.0% 18 71,183 0.01 59
Oconee 3 5.2% 18 71,183 0.01 62
Robinson 4.3% 600 33,649 0.19 25
Summer 6.7% 24 10,567 0.01 12
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Probable Fatalities Due to Loss obWer for Spent Fuel Pools

Probability of No Outside Assistance

Probability of Spontaneous Zirconium Ignition

Within
Area of
Probable
Power

System
Collapse
yes
yes
yes

no

no

no

no

yes
yes
yes
yes
yes
yes
yes
yes
yes

Totals

State
Tennessee
Tennessee
Tennessee
Texas
Texas
Texas
Texas
Vermont
Virginia
Virginia
Virginia
Virginia
Washington
Wisconsin
Wisconsin
Wisconsin

Plant

Sequoyah 1
Sequoyah 2
Watts Bar
Comanche Peak 1
Comanche Peak 2
South Texas 1
South Texas 2
Vermont Yankee
North Anna 1
North Anna 2
Surry 1

Surry 2

Columbia
Kewaunee

Point Beach 1
Point Beach 2

Estimates Over Remaining Reactor Operation
Page 4 of 4

50%
50%
Pop.
Zirconium Pop. within  Probable Probable
Eire within 10 Early Cancer
Probability 1 Mile Miles Fatalities Fatalities
2.2% 637 83,152 0.10 30
2.4% 637 83,152 0.11 33
5.4% 0 19,322 0.00 17
0.0% 0 28,126 0.00 0
0.0% 0 28,126 0.00 0
0.0% 0 2,779 0.00 0
0.0% 0 2,779 0.00 0
0.3% 412 33,943 0.01 1
5.9% 93 15,516 0.04 15
6.3% 93 15,516 0.04 16
4.8% 0 117,247 0.00 94
5.0% 0 117,247 0.00 98
2.8% 4 2,851 0.00
0.5% 35 9,911 0.00
4.3% 2 20,361 0.00 15
5.0% 2 20,361 0.00 17
3.92 3,170
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6.10.83 Event Fatalities Due to Power System Collapse

While the preceding analysis examined probé#dualities dugo power system collapse, actual
fatalities would not be pieceméakither radiation releaseould occur and result in fatalities, or
not. In the present section, we show a projection of total fatalities from zirconiunTfrasoid
doublecounting of population surrounding nuclear power plants and spent fuel pools, the
analysis igloneon a persite basis rather than a gewol basis.

TheMACCS2 consequence codevere accident computer code used by the NRC estimates
fatalities based orosietal dse of radiation, usingdirectly proportionalelationship between
dose and fatalitie$If two spent fuel pools ignite rather than one, the projected fatalities would
be twice as large. Accordingly the below analysis multiplies the indivitgkaobf fatalities from
NUREG-1738 by the number of reactors (and associated spent fuel pools) at a site.

Ouranalysis shows that 11,598 individuals live within 1 mile of nuclear power plant sites and
3.6 million live within 10 miles of sites. In the evesfta longterm commercial power grid
collapse, 119 early fatalities and 77,705 cancer deaths are projected, assuming that outside
assistance cannot be provided to nucleargslants andhat all spent fuel pools experience
spontaneousizonium ignition This projectionwould represent an upper probabilidimund for
radiation fatalities, within the individual risk methodology of NUREZ38.

®*NUREQ@738,paged3,64. SOl dza$ f 1 GSyd OFyOSNI FL Gl fAGASE | NB
doseto-cancerrisk conversion factor within the MACCS2 consegeetode (Ref. 9), results for latent cancer
FLOFEAGASE INB y2i RA&ALI @SR aSLI NI GSt e dé

RANEB O
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Spent Fuel Pool Fatalities in Event of Power System Collapse

EventEstimates
Risks from NUREG®G/38:
Individual Risk of Early Fatality (Within 1 Mile), Late Evacuation 0.71%
Individual Risk of Latent Cancer Fatality (Within 10 Miles), Late Evacuation 1.68%
Within
Area of
Probable
Power Number  Population Population Latent
System of within 1 within 10 Early Cancer
Collapse State Nuclear Power Plant Site Reactors Mile Miles Fatalities Fatalities
yes Alabama Browns Ferry 1/2/3 3 0 32,751 0 1,651
no Alabama Farley 1 & 2 2 0 9,795 0 0
no Arizona Palo Verde 1/2/3 3 0 3,302 0 0
no Arkansas Arkarsas Nuclear 1 & 2 2 231 45,451 0 0
no California Diablo Canyon 1 & 2 2 0 24,084 0 0
no California San Onofre 2 & 3 2 0 74,169 0 0
yes Connecticut Millstone 2 & 3 2 517 117,615 7 3,952
no Florida Crystal River 3 1 0 18,663 0 0
no Florida StlLuciel &2 2 0 160,073 0 0
no Florida Turkey Point 3 & 4 2 0 104,389 0 0
yes Georgia Hatch 1 & 2 2 0 8,339 0 280
yes Georgia Vogtle 1 & 2 2 0 2,990 0 100
yes lllinois Braidwood 1 & 2 2 884 32,361 13 1,087
yes lllinois Byron1 & 2 2 21 24,887 0 836
yes lllinois Clinton 1 0 12,326 0 207
yes lllinois Dresden 2 & 3 2 134 64,843 2 2,179
yes lllinois LaSallel &2 1 5 13,923 0 234
no lllinois Quad Cities1 & 2 2 0 30,985 0 0
no lowa Duane Arnold 1 7 101,695 0 0
no Kansas Wolf Creek 1 0 4,846 0 0
no Louisiana Rver Bend 1 53 24,633 0 0
no Louisiana Waterford 1 256 80,758 0 0
yes Maryland Calvert Cliffs 1 & 2 2 30 40,524 0 1,362
yes Massachusetts Pilgrim 1 613 69,854 4 1,174
yes Michigan Cook1 &2 2 114 53,351 2 1,793
yes Michigan Enrico Fermi 2 1 21 87,086 0 1,463
yes Michigan Palisades 1 29 31,619 0 531
no Minnesota Monticello 1 94 43,181 0 0
no Minnesota Prairie Island 1 & 2 2 219 26,923 0 0
no Mississippi Grand Gulf 1 0 7,628 0 0
no Missouri Callaway 1 11 6,238 0 0
no Nebraska Cooper 1 0 4,665 0 0
no Nebraska Fort Calhoun 1 17 17,244 0 0
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Spent Fuel Pool Fatalities in Event of Power System Collapse (continued)

EventEstimates
Risks from NURE®738:

Individual Risk of Early Fatality (Within 1 Mile), Late Evacuation 0.71%

Individual Riskof Latent Cancer Fatality (Within 10 Miles), Late Evacuation 1.68%

Within

Area of

Probable

Power Number Population Population Latent
System of within 1 within 10  Early Caner
Collapse State Nuclear Power Plant Site Reactors Mile Miles Fatalities Fatalities
yes New Hampshire Seabrook 1 852 117,769 6 1,979
yes New Jersey Hope Creek/Salem 1 & 2 3 0 32,622 0 1,644
yes New Jersey Oyster Creek 1 1,275 120,110 9 2,018
yes New York FitzPatrick 1 10 38,737 0 651
yes New York Ginna 1 177 53,810 1 94
yes New York Indian Point2 & 3 2 1,510 257,474 22 8,651
yes New York Nine Mile Point 1 & 2 2 10 38,571 0 1,296
yes North Carolina Brunswick 1 & 2 2 314 24,186 4 813
yes North Carolina  Harris 1 0 53,629 0 901
yes North Carolina McGuire 1 & 2 2 120 118,694 2 3,988
yes Ohio DavisBessie 1 90 17,061 1 287
yes Ohio Perry 1 189 76,201 1 1,280
yes Pennsylvania  Beaver Valley 1 & 2 2 470 145,409 7 4,886
yes Pennsylvania  Limerick 1 & 2 2 661 213,586 9 7,176
yes Pennsylvania  Peach Bottom 2 & 3 2 127 41,08 2 1,380
yes Pennsylvania  Susquehanna 1 & 2 2 163 53,058 2 1,783
yes Pennsylvania  Three Mile Island 1 358 185,780 3 3,121
yes South Carolina Catawba 1 & 2 2 191 140,492 3 4,721
yes South Carolina Oconee 1/2/3 3 18 71,183 0 3,588
yes South Carolina Rdinson 1 600 33,649 4 565
yes South Carolina  Summer 1 24 10,567 0 178
yes Tennessee Sequoyah 1 & 2 2 637 83,152 9 2,794
yes Tennessee Watts Bar 1 0 19,322 0 325
no Texas Comanche Peak 1 & 2 2 0 28,126 0 0
no Texas South Texas 1 & 2 2 0 2,779 0 0
yes Vermont Vermont Yankee 1 412 33,943 3 570
yes Virginia North Anna 1 & 2 2 93 15,516 1 521
yes Virginia Surry1& 2 2 0 117,247 0 3,939
yes Washington Columbia 1 4 2,851 0 48
yes Wisconsin Kewaunee 1 35 9,911 0 167
yes Wisconsin Point Beach 1 & 2 2 2 20,361 0 684
Totals 11,598 3,558,068 119 77,705
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7 DEFENSHN-DEPTH
The NRCfPolicy Statement on the Use of Probabilistic Risk Assessment (RB&Js in part:

(C) Defense-In-Depth Philosophy

In the defense-in-depth philosophy, the Commission recognizes that complete reliance or safety
cannot be placed on any single element of the design, maintenance, or operation of a nuclear
power plant. Thus, the expanded use of PRA technology will continue to support the NRC's
defense in depth philosophy by allowing quantification of the levels of protection and by helping to
identify and address weaknesses or overly conservative regulatory requirements applicable to the
nuclear industry. Defense-in-depth is a philosophy used by the NRC to provide redundancy for
facilities with "active" safety systems, e.g., commercial nuclear power, as well as the philosophy
of a multiple barrier approach against fission product releases. Such barrier principles are
mandated by the Nuclear Waste Policy Act of 1982, which provides redundancy for a geologic
repository to contain and isolate nuclear waste from the human environment.

Spent fuel pools are not within physical containment but are instead located in incigeial

metal buildings with numerous openings and gaps touksde atmosphere. As currently

designed and licensed, the first level of defansgepth for spent fuel pools is the active cooling
system dependent on offsite power. The second level of defense in depth is the large volume of
water in the pool. The ttd level of defensén-depth arénuman operators that can establish
supplementary makeup watand coolingsystems.

fiRequlatory Guide 1.174An Approach &r Using Probabilistic Risk Assessment in Risk
Informed Decisions on Plai@pecific Changes to the LicensingBasis ( Revi si on 1, NoO:
2002) explains how the defensedepth philosophy should be maintained:

Consistency with the defense-in-depth philosophy is maintained if:

1 Areasonable balance is preserved among prevention of core damage, prevention of
containment failure, and consequence mitigation.

1 Over-reliance on programmatic activities to compensate for weaknesses in plant design
is avoided.

1 System redundancy, independence, and diversity are preserved commensurate with the
expected frequency, consequences of challenges to the system, and uncertainties (e.qg.,
no risk outliers).

1 Defenses against potential common cause failures are preserved, and the potential for
the introduction of new common cause failure mechanisms is assessed.

1 Independence of barriers is not degraded.

1 Defenses against human errors are preserved.

1 The intent of the General Design Criteria in Appendix A to 10 CFR Part 50 is maintained.

As currently designed and licensed, defeinséepth for spent fuel pools suffers from a number

of flaws under a scenario of lotgrm LOOP. First, there is no physical containment. Second,
there is overreliance on human operators to make up forkneg&sain design. Third, there is no
effective redundancy for a risk evéngeomagnetic ditarbance and lorterm LOOR that has

an expected frequency that is reasonably foreseeable and not remote or speculative. Fourth, the
active cooling system, any portaldthakeup water systems, and ldagn presence of human
operators onsite are subject to a common mode féilta#ure of the commercial peer grid.

Because of these factotlere is no effective defengedepth for spent fuel pools under the

current degjn basis.


http://www.nrc.gov/reading-rm/doc-collections/reg-guides/power-reactors/rg/01-174/
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8 PREVIOUS MITIGATIVE ACTIONS

The terrorist attacks of September 11, 2001 focused attention on the risk of spent fuel pools.
Mitigation strategies were developed for spent fuel pools, some of wiagtbeclassified and
therefore unavailable fdull public examination. The NRC deniafl Petitions for Rulemaking
PRM-51-10 and PRMb1-12 describe the existence of these mitigation strategies:

Additional mitigation strategies implemented subsequent to September 11, 2001, enhance spent
fuel coolability and the potential to recover SFP water level and cooling prior to a potential SFP
zirconium fire. The Sandia studies also confirmed the effectiveness of additional mitigation
strategies to maintain spent fuel cooling in the event the pool is drained and its initial water
inventory is reduced or lost entirely. Based on this more recent information, and the
implementation of additional strategies following September 11, 2001, the probability, and
accordingly, the risk, of a SFP zirconium fire initiation is expected to be less than reported in
NUREG-1738 and previous studies.

The NRC deniabf Petitions for Rulemaking PRI41-10 and PRMb51-12 describes additional
study and strat eg-Dewn b arie, @ scanario fhch is ésseatiblly Dr a i n
equivalent to the gradual bedff scenariohat is of concern to the currepgtition

2. Partial Drain-Down.

Air cooling is less effective under the special, limited condition where the water level in the SFP
drops to a point where water and steam cooling is not sufficient to prevent the fuel from
overheating and initiating a zirconium fire, but the water level is high enough to block the full
natural circulation of air flow through the assemblies. This condition has been commonly referred
to as a partial draindown, and is cited in the Thompson Report. Under those conditions, however,
it is important to realistically model the heat transfer between high- and low-powered fuel
assemblies. The heat transfer from hot fuel assemblies to cooler assemblies will delay the
heat-up of assemblies, and allow plant operators time to take additional measures to
restore effective cooling to the assemblies. Further, for very low-powered assembilies, the
downward flow of air into the assemblies can also serve to cool the assembly even though the full
circulation flow path is blocked. Also, as discussed further in this document, all nuclear plant
SFPs have been assessed to identify additional, existing cooling capability and to provide new
supplemental cooling capability which could be used during such rare events. This supplemental
cooling capability specifically addresses the cooling needs during partial draindown events, and
would reduce the probability of a zirconium fire even during those extreme events.

(Emphasis not in original.)

As indicated in the bolded text above, additional staitr NUREG1738indicates that heat

transfer from hot fuel assemblies to cooler assemblieslaldlythe heatup of assemblies
Additionalstudy does not indicate that enhanced heat gamsh prevent zirconium cladding

from eventually heating up and catching fireder some circumstanc@$hebenefit of a delay
wouldbeaddi ti onal time to fiall ow plant operators
effective cooling to thassembesd0 But i n a case where psitant ope
or where outside assistance is no longer available, the delay wouldaasisarilyesult in a

prevention of zirconiunfire, except in the rare case where a gelba few extra hours or ga

would increase fuel decay time until zirconium fire would not occur. (This borderline condition

would be statisticé} rare and would natubstantially affect thprobability of zirconiumfire.

For example, if delayed heatp provided an extra five days time and the borderline condition

were at one year of fuel decay, the probability would be affected by 5 days/365 days = 1.4%.)
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The NRC deniabf Petitions for Rulemaking PRI1-10 and PRMb1-12 also describes license
amendments to enhance spent | safety:

3. License Amendments.

In January 2006, the nuclear industry proposed a combination of internal and external strategies
to enhance the spent fuel heat removal capability systems at every operating nuclear power
plant. The internal strategy implements a diverse SFP makeup system that can supply the
required amount of makeup water and SFP spray to remove decay heat. The external strategy
involves using an independently-powered, portable, SFP coolant makeup and spray capability
system that enhances spray and rapid coolant makeup to mitigate a wide range of possible
scenarios that could reduce SFP water levels. In addition, in cases where SFP water levels
cannot be maintained, leakage control strategies would be considered along with guidance to
maximize spray flows to the SFP. Time lines have been developed that include both dispersed
and non-dispersed spent fuel storage. The NRC has approved license amendments and issued
safety evaluations to incorporate these strategies into the plant licensing bases of all operating
nuclear power plants in the United States.

As described above, there are two safety enhanceinghtslicense amendmefta n Ai nt er n a
ategyo and ahhdeixnteemmdl sd wivedsdFPmnakeup nsi st s
system that can suppthe required amount of makeup water and SFP spray to remove decay

str

heato

But any internal strategy that rlengi es

term loss of outside powgulnerability as the motedrivencirculation pumps normally used for
spent fuel pool cooling. Any internal strategy relying on petrocherfiiedéd pumps would not

be assured resupply of fuel. And finally, any internal strategy relying on human operators would
not work if the operators were no longer site.

Wh i

on

|l e the Aexternal strategyo is not describe
system or a hose from a firetruck. But aslioed elsewhere in the currePétition, under
conditions of longerm and widespread commercial grid fag@luthere is no assurance that
portable cooling systems can be airlifted or trucked in, nor any assurance that firetrucks will
promptly arrive and permanently stay on site.

In addition to mitigative strategies for spent fuel pools, in recent years the NERT,, and

NERC have taken steps to improve commercial grid reliability for nuclear power gihats.
required participation of nuclear power plant licessespelled ouini NRC Gener i c
2006:02: Grid Reliability and the Impact on Plant Risk amcet Oper abi | ity of
(February 1, 2006 All addressees were required to submit written responses to the Generic

Letter regarding their compliance with regulatory requirements for electric power sources and

associated trainingVhile Generic Léter (GL) 20062 may have produced greater coordination
between nuclear power plants and electric transmission system opésat@)6-2 did not

require protection of the electric transmission system from severe space weather and resulting

geomagnetic dturbance. As a result, any mitigative actions flowing from GL 2D@6ée not
applicableto the currenPetition.

Lett
Oof f
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9 PREVIOUS NRC RESPONSE REBLICENSINGCOMMENTSON
GEOMAGNETIC DISTURBANCE

Petitioner searched the NRC ADAMS online information system eunaldf that at least one

other party has concerns regarding geomagnetic disturbance that are similar to the concerns of

the Petitioneri Gener i ¢ Environment al | mpact Statement
Supplement 45, Regarding Hope Creek Gemggatation and Salem Nuclear Generating
Station, Units 1 and 2, Draft Report for Comm
ADAMS system contains the comments\if. John GreenhillThecommentepbserves that a

onein-one hundred year solar storm copldduce a contineswide, longterm outage of the

power grid due to damage to damage to-sigfransformers. Mr. Greenhill also expresses

concerns about fuel running out for emergency diesel generators and commercial vendors being
unable to resupply fuel:
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Reproduction of Email From John Greenhill to NRC

Eccleston, Charles

From: Greenhill, John [John.Greenhill@dhs.gov]

Sent: Saturday, November 21, 2009 9:24 PM

To: SalemEIS; HopeCreek@nrc.gov

Cc: Eccleston, Charles; Warren Udy

Subject: Salem and Hope Creek Nuclear Plants 20 year license extensions
Dears Sirs

There were incidents on 3/13/1989 and 9/19/1989 at the Salem 1,2and Hope Creek nuclear plants sites when
geomagnetic storms caused damage to the single phase, generator step-up transformers which caused them to be taken
out of service.

The damage was due to geomagnetically induced currents (GIC) caused by the geomagnetic storms.

Questions:

Is there a publically available report that describes these incidents?

What was the magnitude of the currents that caused the damage?

How long did the damaging currents persist?

What was the protective relay system in place at that time such as the IEEE Std C37.91-19857?

Where there any modifications to the transformer protective system put into effect?

How will the step-up transformers at Salem and Hope Creek sites be protected if a super geomagnetic storm (10
times the size of the 1989 storms) occurs during the 20 year extension? The next solar maximum is expected
2013-2014.

7. Do the sites have spare step-up transformers?

PR NS

The TMI Generic Environmental Impact Statement for License (NUREG-1437 Supplement 37) table 5-2 shows the
following

Table 5-2. TMI-1 Internal Events Core Damage Frequency

CDF %

Initiating Event (Per Year) Co?;rg)g::ion
Loss of Offsite Power 7.73x10°® 326
Transients 5.80 x 10°® 245
Small and Very Small LOCA 466 x 10° 19.7
Loss of Nuclear Service River Water 3.67x10° 15.5
Steam Generator Tube Rupture 9.93x 107 4.2
Internal Floods 4.50x 107 1.9
Large and Medium LOCA 2.06 x 107 <1
ISLOCA 1.80 x 107 <1
Total CDF (internal events) 2.37x10° 100

The probability of a super solar storm of the 1859 or 1921 size is about 1/100 years or 1 %/year. This size storm could
lead to a continental wide, long term (many months) outage of the bulk power grid because of damage to all the U.S. step-
up transformers. This damaged would be similar to the damage that occurred at Salem New Jersey in 1989 during a fairly
mild solar storm. With such an outage, the emergency generators (that drive the cooling pumps) fuel supply could run out .
and may not be replaced because all the commercial fuel suppliers would be out of fuel as well due to the failure of the
electrical pumps. Without fuel for the cooling pumps, the core damage frequency (CDF) appears to be several orders
larger that the CDF given in the table 5-2. Perhaps s solar storm initiating event should be included in all the final EIS
documents including the Salem and Hope Creek..

John D. Greenhill, P.E.
Department of Energy

National Communications System
Department of Homeland Security
Email;john.greenhill@dhs.gov
Phone: 7022355533
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Official comments from Mr. Greenhill and the NRC response follow:

Comment: | am unable to attend the hearings on 11/15/09 but would like to submit the following
guestions. There were incidents on 03/13/1989 and 9/19/1989 at the Salem 1 and 2 Nuclear
Plants sites when geomagnetic storms caused damage to the single phase, generator step-up
transformers which caused them to be taken out of service. The damages were due to
geomagnetically induced currents caused by the geomagnetic storms.

Questions:

Is there a publically available report that describes these incidents?

What was the magnitude of the currents that caused the damage?

How long did the damaging currents persist?

What was the protective relay system in place at that time such as the IEEE Std C37.91 19857
Where there any modifications to the transformer protective system put into effect?

How will the step-up transformers at Salem and hope Creek sites be protected if a super
geomagnetic storm (10 times the size of the 1989 storms) occurs during the 20 year extension?
Do the sites have spare step-up transformers?

An initial cursory look shows a possible problem with the draft EIS when one examines table 5-
2. The probability of a super solar storm of the 1859 or 1921 size is about 1/100 years or 1 %
year. This size storm leads to a continental long term (many months) grid outage because of
damage to all the U.S. step-up transformers similar to the damage that occurred at Salem New
Jersey in 1989 during a fairly mild solar storm. With such an outage the emergency generators
(that drive the cooling pumps) fuel supply would run out and could not be replaced because the
commercial fuel suppliers would be out of fuel as well. Without fuel for the cooling pumps, the
core damage frequency (CDF) appears to be several orders larger that the CDF given in the table
5-2. Perhaps a solar storm initiating event should be included in all the final EIS documents
including the Salem and Hope Creek. SHC-18-1; SHC-18-2; SHC-18-3

Response: The seven guestions listed in the comment above have been provided to the
appropriate NRC Region | staff and a separate response was provided to the commenter. These
guestions raise concerns that are related to current operational issues at the plant but do not fall
within the scope of the license renewal environmental review and, therefore, will not be evaluated
in development of the SEIS.

With respect to the commentds suggestion that sol ar
event for severe accident mitigation alternatives (SAMA), the staff considers the issue as follows:
The SAMA analysis considers potential ways to further reduce the risk from severe reactor
accidents in a cost-beneficial manner. The process for identifying and evaluating potential plant
enhancements involves use of the latest plant-specific, peer-reviewed probabilistic risk
assessment (PRA) study. These risk assessment studies typically show that loss of offsite power
(LOSP) and station blackout (SBO) sequences are among the dominant contributors to core
damage frequency (CDF) for nuclear power plants and account for about 20 to 50 percent of the
CDF. As a result, enhancements to mitigate SBO events initiated by a LOSP are routinely
identified and evaluated in the SAMA analysis. Consideration of SBO events initiated by a solar
storm would not be expected to result in identification of additional SAMAS to mitigate LOSP and
SBO events since license renewal applicants already perform a search for potential means to
mitigate these risk contributors.

Consideration of solar storms would not be expected to substantially impact the CDF for
LOSP/SBO events because postulated damage to generator step-up transformers would not
affect the operation of the emergency diesel generators (EDGs). The EDGs would function to
cool the reactor core until connections to the electrical grid are reestablished or alternative means
of core cooling are established. Onsite fuel storage is typically sufficient to provide for at least 7
days of EDG operation and would be replenished during this period, as demonstrated at the
Turkey Point plant following Hurricane Andrew in 1992 (NRC, 1992). Even with a major disruption
in the supply chain, the 7-day period is sufficient for alternative arrangements to be made to
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resupply fuel for nuclear power plant EDGs in accordance with the National Response
Framework (see National Response Framework, Emergency Support Function #12 i Energy
Annex, www.fema.gov/pdf/emergency/nrf/nrf-esf-12.pdf). Alternative means of core cooling would
be viable in the longer term, given that core cooling requirements (e.g., required pumped flow
rates) would be substantially reduced days and weeks after reactor shutdown, and given the
substantial industry and Federal resources that would be available to facilitate these measures.

If there is incompleteness in current PRAs with respect to an underestimate of the frequency or
consequence of solar storm-initiated LOSP/SBO events, the sensitivity analysis performed on the
SAMA benefit calculation would capture the increased benefit that might result from a more
explicit consideration of solar storm-induced events. This analysis typically involves increasing
the estimated benefits for all SAMASs by an uncertainty multiplier of approximately 2 to determine
whether any additional SAMA(s) would become cost-beneficial and retaining any such SAMA(S)
for possible implementation. In summary, the consideration of solar storm initiated events would
not be expected to alter the results of the SAMA analysis since enhancements that address these
types of events are alr ea degarckcfar BAMAsIitemitgate i n t he a
SBO/LOSP events, and any potential underestimate of the benefit of these SAMAs would be
captured in existing applications by the use of the uncertainty multiplier on the SAMA benefits.

Petitioner disagrees with the constcemmentsons
and would also disagree if the same contentions were made in regard to the current Heition.
reasons forpecific disagreements follow:

1. NRC staff states, nConsideration of SBO
expected to result in identification of additional SAMASs to mitigate LOSP and SBO
events since license renewal applicants already perform a search for potential means to
mitigate these risk contributors. o Afte
Petitioner was unable find any evidencéhatlicensees already perform searchrethe
SAMA procesdor potential means to mitigate the risksoflar storms or geomagtic
disturbance.

2. NRC staff states, AOnsite fuel storage
of EDG operation and would be replenished during this period, as demonstrated at the
Turkey Point plant following Hurricane Andrew in 1992 @R 1992) .i® Pet i
concerned that multiple nuclear power plants would be affected simultanbgushg
term LOOR while the Hurricane Andrew event at Turkey Point was datist incident
Moreover, the vast majority of national infrastructure wasaffected by Hurricane
Andrew. Therefore replenishment of fuel at Turkey Point is not predictive of
replenishment of fuel during a lotgrm and widespread commercial grid outage.

3. NRC staff states, AEven with @dayypeijodis di
sufficient for alternative arrangements to be made to resupply fuel for nuclear power
plant EDGs in accordance with the National Response Framework (see National
Response Framework, Emergency Support Function #kf#ergy Annex,
www.fema.gov/pdf/emergency/nrf/relst12.pdf) ®he NRC response about the
adequacy of government planning is an assertion, unsupported by quantifisation.
explained in Section 6.4 of this Rett o n , ALack of DHS Prepar
Term Power Grid Coll apse, 0 there is no
provide outside assistance to dozens of nuclear power plants in the event of power grid
collapseThere is no experience thiuse of the National Response Framework under a
condition of widespread power outage, although the experience with Hurricane Katrina
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would indicate that government emergency plagmsmot a sure solutiokJse of any
assumptiomegarding outside assisize, including resupply of diesel fuel, needs a
guantitative value to be used in a PRA.

. NRC staff states, AAlternative means of
given that core cooling requirements (e.g., required pumped flow rates) beould
substantially reduced days and weeks after reactor shutdown, and given the substantial
industry and Feder al resources t hatltiswoul
by no means 100% certain that fthatwdulsibeant i
avail abl eo dur i+egnaadwdesprehd domneerciaildcbllapseAnyg
assumption regardingvailability ofindustry and Federal resourgesist meet the burden

of substantial evidence and alseeds a quantitative value te bsed in a PRA.

.NRC staff states, fAlf there is incompl et
underestimate of the frequency or consequence of solar-stiged LOSP/SBO

events, the sensitivity analysis performed on the SAMA benefit calculatiold wapture

the increased benefit that might result from a more explicit consideration of solar storm
induced events. This analysis typically involves increasing the estimated benefits for all
SAMASs by an uncertainty multiplier of approximately 2 to deteesrwhether any

additional SAMA(s) would become celseneficial and retaining any such SAMAC(s) for
possible i mpl ement at ifitdmo evideAcghatilicenseedictutlel t i o
any estimatem current PRAS for the frequency or consequenaelaf storm-initiated
LOSP/SBO eventd o the extent that current PRAs contaisk estimates foother
weatherrelated LOSP/SBO events, these estimates are inapplicable because LOSP/SBO
events in current PRAs are assumed to have duration of days, sblbstorm

initiated LOSP/SBO eventould have a duration of months or years.

co
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10 TECHNICAL FEASIBILITY ASSESSMENT

The requirements of thaurrentPetition are well within the capabilities of existing commercial
off-the-shelf technology. Numerous indussirequire highly reliable unattended power
generation, including oil, gas, and telecommunications. As a result,-develloped supplier

base exists with multiple technology options. The below table shows options for highly reliable
unattended power geragion.

High Reliability Unattended Power Production

Typical Unit
Technology Example Vendor Capacity Cost/KW
Organic Rankine Cycle | Orma Technologies | 4 KW $20,000
Solar Photovoltaic Solar Electric Supply| 5 KW $60,000
Thermoelectric Global 05 KW $40,000
Generator Thermoelectric

Generated power could be used to run electric pumps to provide makeup water. Makeup water
by itself could provide sufficient cooling for spent fuel pools since the high latent heat of
vaporization provides substant@oling capacity. Required pump capacity would depend on the
time since discharge of fuel from the reactor core. Below is a table derived from NWRIBG

which shows the required pumping capacity in gallons per minute as a function of time after fuel
discharge. Because diesel generators could supply power for spent fuel circulation pumps for up
to 7 days after fuel discharge (in the event of loss of outside power immediately after refueling),
a pumping capacity of 130 gallons per minute would providetanotial safety margin.


http://www.ormat.com/sites/default/files/Remote%20Power%20Solutions%20Technology%20Fact%20Sheet.pdf
http://www.solarelectricsupply.com/mount/industrial/index.html
http://www.globalte.com/pdf/teg_8550_manual.pdf
http://www.globalte.com/pdf/teg_8550_manual.pdf

Spent Fuel Pool BeDff Rates
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Time Decay
After Power from Boiloff Rate | Water Level
Discharge| Last Core Total Heat Load (Gallons per| Decrease
(days) (Megawatts)| (Megawatts) Minute) (ft/hour)
2 16.4 18.4 130 1.00
10 8.6 10.6 74 0.60
30 5.5 7.5 52 0.42
60 3.8 5.8 41 0.33
90 3.0 5.0 35 0.28
180 1.9 3.9 27 0.22
365 1.1 3.1 22 0.18

Notes: Using typical pool sizes, it is estimated that for BWRs, we have 1040 ft3/ft depth, and for
PWRSs, we have 957 ft*/ft depth. Assume = 1000 ft3/ft depth for level decreases resulting from
boil-off.

A 5 HP electric motor running at 80% typical efficiency would consume approximately 5
kilowatts of power. Multiple units of any of the above high reliability power production
technologies codl supply this amount of power. A pump attached to a 5 HP motor would
typically generate approximately 100 feet of head through a 2 inch pipe at 160 gallons per
minute. As the boibff rate charge shows, after only a few months the duty cycle for any power
generation solution would dramatically decline.

The OrganicRankineCycle technology for power production is particularly intriguing because

this technology can use waste heat below the boiling temperature of water as an energy source.
An obvious sourcefavaste heat would be the water contained in the spent fuel Huotypical

spent fuel pool generates 3 megawatts of heat one yeafuatitdischargdrom the reactaor

Another source of heat for Organic Rankine Cycle is propane.

An additional advantagof OrganicRankineCycle turbines are theinigh reliability, with a
demonstrated Mean Time Between Critical Failure of 200,000 lamaian operational lifetime
in excess of twenty year& makeup water system based on Organic Rankymée@urbines
powered by waste heabuld run not only for two years, but until thasteheat produced by the
spent fuel is insuftiient to bring thgool water to highemperature

Solar power systems are designed to run unattended for long periods and consisthoéenly t

basic components: photovoltaic panels, charge controllers, and batteries. The normal unattended
lifetime of these components are ircegs of ten years tiélecommunicationgrade batteries are
used.If a solar power system were to be ugadspent @iel cooling it should be recognized that

a reservoir of makeup waterither internal or externab the spent fuel podél could bea

source of stored cooling during inclement weather.
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Thermoelectric generators were originally designed to provide powepolioAnoon missions
and are highly reliable with minimal maintenance requirements. The life expectancy of a
thermoelectric generator is-B® years. Thermoelectric generators have no moving [éues.
most appropriate fuel source would be prop@maual maintenance consists of checking (but
not replacing) the fuel filter, pressure regulator, and burner orifice.

Because of the distinctive power requirements for spent fuel pool cédliitial high power at

the time of fuel discharge followed by much lovpewer requiremest a hybrid system could

provide both cost efficiency and high reliability. For example, a propamered Organic
RankineCycle turbine could be used to provide high power initially, with a lower kiloseddr

system used after several ntbs of fuel decayin the later stages of fuel decayeather

interruption of solar power might be acceptable if the spent fuel pool and/or associated reservoirs
stored sufficient water to allow narontinuous makeup water suppMultiple redundant units

could be employed to provide sufficient power in the early stages of fuel decay and greater
reliability in the later stages of fuel decay.

The control system used to meter makeup water into the spent fuel pool could be extremely
simple, consisting of litk more than float switches and/or float values. An intermediate water
reservoir could be used to reduce on/off cycling of the electricpiéyated pum(s) and power
generation systefs).

Highly reliable electricallydriven pumps and control mechanismes available in the ofthe-

shelf commercial markekdunicipal water systems and sewage treatment facilities ufe su
equipment. Likewisgreliable propane storage is available and commonly used for distribution
facilities.

Petitioner does not present RAfor spent fuel pools that includesspecificoackup power and
makeup watesolution, because Petitioner does not know the ggaeiquirements of CFR
amendmenttat might be approved bow licensees maghooseo implementachange to the
CFR.Petitioner has shown that multiple technology optierist that could be combined irdio
feasible andhighly reliable solution. For the purposes of advocating Petition approval, Petitioner
should not have to design an optimal solution; Petitioner should onéytbhahow that a

practical and costffective solution could exist.

No doubt the reliability of any specific solution would not be 100%. In fact, because of the wide
divergence between the current risk of spent fuel pools and the NRC safety goals/LERF
guideline, it would be challenging to design a specific solution that would completely close this
safety gapBut a partiallyeffective solution would reduce risk far more than no solution at all;
the lack of a perfect solution should not be grounds for Hehtais Petition nor should it be a
reason to not attempt any solution at all.

Some early readers of this Petitiorveéapeculated as to whethmckup power solutiaand
associated fuel would be susceptible to theft. NowheresrPiition has Pditbner used
speculatiorabout human behavian a PRA. Instead, the PRA is confined to the probability of
physical events and direct physical consequences, e.g., without electricity for refineries, fuel
resupply might be interrupted. Prediction of secordkr effects of human behavior, including
theft, social dissolution, widespread scavenging, etcldbde withoutsufficient evidence. In

any case, such speculations should not be the basis to not attempt any solution at all.
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11 COSTBENEFIT COMPARISION

As theprevious technical feasibility assessme&mbws, the cost per kilowatt of reliatidackup

power is moderatand as little as 5 kilowatts of backup power might suffide.expect the

other costs ofmemergency makeup water system, including fuebsgt®, pumps, piping, and

control systems to be moderate as welkkctrically-operated pumps cost only a few thousand
dollars and float values/float switchessteven lessBased on a backup power system withkpe
capacity of 510 kilowatts, weestimate hat a complete unattended makeup water system could
cost as littleas & million per spent fuel pooEarly readers of this Petition have indicated that
nuclear industry requirements could raise the cost to $10 million, but we use $1 million as a first
order estimate.

The probabilistic benefit of providingmergency makeup water systemssjpent fuel can be
computed by multiplying avoidefatalities by a standard figure per fataliti/$4 million. We
estimate the pgpool benefit to be $10million.* This costbenefit calculation does not assume
that the any solution would be 100% effective; for thieesof example we assume on328
effectivenes®f asolution.

CostBenefit Calculations

Probable Fatalities 3,174
Benefit per Avoided Fatality $4M
Total Benefits $12,696M
Number of Spent Fuel Pools 104
Estimate of Solution Effectiveness 90%
Estimate of Solution Benefit per Pool $110M
Estimate of Solution Cost per Pool $1IM
Ratio of Benefits to Costs 110

Thus, the pepool benefit would 8110 timesour estimatedolutioncoss. Or put another way,
up to $10million could be spent to protect each spent fuel pool and the estimated benefits
would still exceed the estimated costs.

* Thiscostbenefit calculation does rianclude avoidance of radioactiw®ntamination on landrounding
nuclear power plants and is therefore conservative.
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12 CONCLUSION

Potential interruption of active coolingrfspent fuel pools due to geomagnetic disturbamce
resulting longterm loss of outside poweresents an unacceptable risk to pubealth and
safety. Using the NR@pproved metha of Probabilistic Risk AssessmdfRA), Petitioner has
shown that spenttl pools as currently designed disgnseddo not meet NRC standards for
safety. Amendment to the Code of Federal Regulat®required to rectify this situation.

The probability, duration, angeographicscopeof initiating evensf or P estPRY0 isaence r 6
space weathegeomagnetic disturbancand resulting longerm loss of outside powg@rhave

been weldocumented by Oak Ridge National Laboratting, government agency best suited to
make such a determination. Moreover, the probability of suahi®i®not remote or

speculative; similabut smallerevents have occurred in the past and have resulteglipment
damage and commercial grid outagibesesmaller but similar eventdlow the probability of a

more extreme event to be established.

Othgas sumpti ons used i n ttheerodakklty oftoutsole sssistasce, &R A | n
probability of spontaneous zirconium ignition, and individual risk estimates of early fatalities

and latent cancer deaths. The probability of outside assistaaneoptimistic midpoint

assumption buttressed by the work of the congressiedadytered EMP Commission and

public documents available from the Department of Homeland Security. The probability of
spontaneous zirconium ignition is an optimistic midpasgumption based on the nkmf

Sandia National LaboratorieRC, and the National Academy of Sciences. Individual risk

estimates of early fatalities and latent cancer deaths conotiydirem NRC staff work.

Other pessimistibut highly probable eventse r e excl uded from the Pet.i
events include the possibility of cascading power grid outages beyond the geographic scope
determined by Oak Ridge National Laborat@wyd outagyes caused by other secondeffgcts,

emergency evacuation @l the 95% level, and early fatalities and latent cancer deaths outside a

10 mile radius from nuclear power plants.

Results of the Petitionerodés PRA for spent fue
by quantitative health objectives (QHQare violated by a factor of 35.7 for eadigtalities and a
factor of 21.0 for latent cancer deaths. NRC guidelines for LERF are violate&hbtorof 250.
Because of the large differences between NRC safety goals/guidelines and PRA results,
sensitivity amlysis shows that assumptions could be significantly more optimistic and the safety
goak/guides would still not be mefor example, the frequency of the initiating edeling

term loss of outside pow&@rcould be onén-onethousaneyears rather than ona-one

hundredyears and the NRC safety goals/guidelines would still be violAteanpleprobability
analysis shows thatveell-developedsystem of space weather forecastiogmbined with

operational procedures to manage commercial power grids undéti@mof geomagnetic
disturbance, wouldgtill not reduce risk sufficiently to meet NRC safety goals/guidelines.

Site-specific population data from the US Census Bureau casdutd estimatgrobabilistic
deatls. Probabilistic deaths ardar early fatlities and 3,17@or latent cancer deaths. Should
the initiating event of longerm LOOP actually occur, Petitioneriesates radiationnduced
deaths of over 77,000.
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When an alternative safety assessment based on the defelegh philosophy is perfmed,
spent fuel pools exhibit the following issues under a scenario oftédngloss of outside power:

Lack of physical containment

Potential ommon mode failurem the case ofong-term LOOP

Overreliance on liman operators to make up feeaknesssin design

Lack of systemredundancyvhen presented with an event of expected frequency

= =4 =4 -9

Petitioner ha proposednultiple technicalsolutions that are practical, commerciadlyailable,
and of moderate codtvhen a cosbenefit analysis is perforrdethe besfits of the proposed
solutions exceed estimated costs by a factod6f Recause of the large difference between
costs and benefits, actual costs of a solution could be much higher and still be justified.

Thedataused to supporttht e t i t i o n sum@iensdmi Aot feors the work of advocacy
groups or private citizens, but from the work of governasguinsored commissions and
regulatory bodiesPetitioner takes the asonable position thauclear power plant licensees
should be required tionplemen designchange®f moderate coghatwould preventfatalities
andextensiveadiationcontamination of United States territory.
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