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PILGRIM NUCLEAR POWER STATION

T e e ameners ot e e e

Pilgrim Station

Owner: Entergy NucleaGeneration Compny, LLC Holtec InternationaLLCapplied to NRC to
becomet A f Irddk ofvQedl once the reactor ceases operations and fseledin 2019
Location:Plymouth, Mass on shoreof Cape Cod Bay

Type:Boiling Water Reactor, General Electric Maigaime degn as Fukushima

Size:688 MWE

Cooling Water SourceCape Cod Bay viacecthrough-cooling, no cooling tower

Numberof Employees? approximately 65¢2018)

Pilgrim was constructedbetween 1967 and 197@ts reactor was ordered on August 7, 196&)a cos

of about $200 millon. When Massachusetts deregulated its electric market in 1999,. Entergy Nuclear
Generation Company bgit Pilgrim from Boston Edisdor $14 million plus $67 million for fuél.

In June of 1972the NR@ranted Pilgrim &0 year licase to operate until June 8, 201Rilgrim began

operations on December 9, 1972

In January of 2008Entergy filedanapplici A 2y (2 SEGSYR t Af INAYQ& 2LISNI
June 8, 2032The NRC granted the extended license on May 122 2esite the fact that a number of

still unresolved issueemainedpending before the Commission

SafetyRank: In September R15PilgrimwasY 2 3SR (2 bw/ Qa f2¢Said al ¥Side NI
Entergy reactor$ The lowest safety ranking remaid until March 2019

Spent Fuel PoolThe pool is located inside the reactor buildingitsrtop floor. It isoutside the primary

contanment. It was originally designed and licensed to hold 880 fuel assemblies. After the federal
I32PSNYYSyild o0FyySR NBLINROS&aaAy3ad:r tAfINRYQa fAOSyasS
As ofAugust of 20172,822spent fuelassemblies ae in thepool.

Dry Cask Storage@ilgrim currently has one (1) operational ISFSI pad with a capacity of 40 casks
administratively limited to 38 casks to facilitate shuffling/cask acdssgfspring 2019the pad has

seventeen (17)paded Hblitec System 100 Miti-Purpose Canisters (MPCs) each with 68 fuel assemblies.

A second ISFSI pad is required to store all spent nuclear fitgleorThe pad will be moved frorits

present location on the shores of Cape Cod Baligiher ground300 feet from Rocky HilRoad

L http:/ Iwww.entergynuclear.com/plam_information/pilgrim.aspx

2 http:/iwww .world-nuclear.org/info/Coutry-Profiles/CountriesT-Z/Appendces/NuclearPowerin-the-USA
Appendix2-PowerPlantPurchases/

3 http://iwww.nrc.gov/info-finder/reactors/pilg/speciaboversidit.html
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Pilgrim: How Boiling Water Reactors Work
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Note: Pilgrim does NOT haveooling towers Cape Cod Bay is the source of its cooling water needed to
remove excess heat.

In a typical commercial boilingater reactor
(1) the core insle the reactor vesselreates heat,

(2) a stearrwater mixture is produced when very pure wateegctor coolant) moves upward
through the core, absorbing heat,

(3) the stearawater mixture leaves the top of the core and enters the two stages of moisture
separation where water doplets are removed before the steacanenter the steam line,

(4) the seam line directs the steam to the main turbine, causing it to turn the turbine generator,
which produces electricity.

(5) The unused steam is exhausted ithe condenser where itd condensed into water. The
resulting water is pumped out of the condenseith a series of pumps, reheated and pumped
back to the reactor vessel.

The reactor's core contains fuel assemblig®ilingwater reactors contain betweer370-800 fuel
assembliest A f I NJA Y Q580 ad<enihlidstay @re cooled by watecirculated using electricail
powered pumps. These pumps and other operating systems in the plant receive their power from the
electrical grid. If offsite power is lost emergency coolirager is supplied by dier pumps, which can be
powered by onsite diesel generators. Other safefsstems, such as the containment cooling system,
also need electric power.



TheUnion of Concerned Scientigtasposteda simple explanation diow a boilingwater reactor worls
- http://www.ucsusa.org/sites/default/files/legacy/assets/documents/nuclegrower/bwr-intro.pdf

Entergy@ Corporate Struatire

Ertergy is a web ofimited liability subsidiary companies, all owned by Entergy Corporatian has its
principal office in Louisiand.ike a corporation, Bmited liability companyor "LLC; is a separate and
distinct legal entity. One of the primpadvantagesof an LLds that its owners, called members, have
"limited liability," meaning thatunder most circumstances, they are not personally liable for the debts
and liabilities of the LLC.

Pilgrim is owned by one subsidiary, Entergy Nuclear a&8na Company.
subsidiary, Entergy Nuclear Operatiohs;.

It is merated by another

The Massawusetts, New York,and Vermont #torney Generalsattempted to untangle the assets,
revenue streams, and obligations between and among thEsgergy subsidigr LLG. Although
stonewdled by NRC and Entergheycouldput together the following organizatiocharts.

Figure 1, Entergy Corporation’s Corporate Structure as it applies to Entergy Merchant Reactors, Entergy
Nuelear Operations and Entergy Nuelear Power Marketing#
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http://www.ucsusa.org/sites/default/files/legacy/assets/documents/nuclear%20power/bwr-intro.pdf

Figure 2. Operation of Entergy’s Merchant Reactors by Entergy Nuclear Operations
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ACCIDENTS

1 What are the potential consequences of an accident?

T 9y iSNHeé&Qa 5SO0AaArzy ¢2 [ f2sUBe tAf INRY
Probability OfAn Accident Today

1 Fukushimag Gould it happenhere?
1 What are potental causes of an accident:
o Cortainment FailureHydrogen/Steam Explosions
Spent FuePool Fire
Transfer of Assemblies from the Spent Fuel Pool into Dry asks.
Dry Cask Failures
Lack of andor Failure of Security
Inadequate and/a Failure of CriticaElectricPower
Natural Events
Inadequate Mitigation Stratgies
Age Related Degradation

©O O O 0O o o o o o

Human Error

Inadequate NRC Oversight

o



Consequences of an Accident

When it comes to nuclear reactgscost bendit analysishas littlemeaning. Athough the risk of an
accident may be small, th@osequences can be catastrophic.

Core Melt The figure below show8 dz] dz& K A dady fldme Supaxidapdsed over PilgriAt.
Fukushima, wsequent wind shiftspread theplume further afield.

PILGRIN NUCLEAR
GENERATING STATION

- 1G-MILE EP2
/-

Spent Fuel Pool Firefhe consequences of a spent fuel pool fire are many times wbiese
those of a core meltfor the simple reasonthat there is afar greater amount of radioactive
material in the pool.

A 2016study showed that a majospent fuel pool fire could contaminate as much as 100,000
square kilometers of lan{B8,610 square miles more than five times the areaf Massachustts)
andforce the evacuation of millions.

Oy GSNHE2Qa 5SOAaA 2uyel1¢2819 IndrebsdBe t A f 3N
Probability Of An Accidentoday- Here is why

Pilgrimis losing money becausedannot competeA Y b S¢g 9y 3t I Y RQEmaketWitS G I G A B¢
cheaper sources of electricity, namely natural gas and wAndhe same time Pilgm is45 years oldand

requires considerable maintenancBut, ecause Pilgrim is losing monEpntergy has been unwilling to

invest in the reactoat the vely time Pilgim needs it.The Nuclear Regulatory Commisstasfailed to

enforce compliance withts own safety regulations9 y G S N8k 61 dinvestment int A f ANA YQa
maintenance and oversight Y R bw/ Qa LI ad ftF01 27F 2 JiftdNdedpad@Ki NBa



trouble. Finally,NRC droppedPilgriminto the lowest safety category and that could t&ntergy about
$100 million, if NR@ecidesto requirethe fixes

What odds do you give that Entergy will decide to make the necessary and very expevestmaents
in Pilgrim when they are losing money and decided to shut the reactor for good bylJ@49 or
sooner? What odds do you give thdRCwill changeits stripes andequire real fixes? We do not give
very good odds and therefoteelieve thatwe are at greaer riskof an accident.

NRC Inspection Reports

Entergy is postponing needed maigté y OS ® gy iSNHeé KlFa GAYS Rdz2NRAy3
K2 dza Sodé 9y i SNHe &aKdzi R2¢y (G2 NBFTdzSt Ay20% NI & HAM

January:Phase A inspection finds water leak in core spray system that helpseambr
was known but went unaddressed for nearly a year. Inspectors criticize operators for
ongoing failure to follow through with repairs.

February:Reacto lowered to half power after water leak found in main condenser, whjch
holds thousands of tube®stcirculate water from Cape Cod Bay to cool turbine.
NRC investigation finds a security officer at plant skipped more than 200 assigned fire
watches betweerune 2012 and June 2014.

April: Bearings break down on one of the pumps that draw millionsatibgs of seawate
from Cape Cod Bay to cool plant systems. Operators knew of problem with bearings since
Nov. 7of the previous year

May: Rapid power dowrto 50 percent after shear pins break on traveling screens that
prevent seaweed from clogging cowl water system. Wrong pins had been installed
during reactor refueling in 2015. The pins had been too small, capable of holding jabout
3,877 pounds. Corregiinscan hotl 8,050 pounds.

Phase B inspection finds corroded supports for piping that distribwai®oling water ta
reactor and other plant systems. Finding relates to problem identification and resolytion,
since corrosion of supports found in October B0fome were replaced and repaired;
others were not.

A boron panel designed to absorb neutronsdgorevent a nuclear reaction called fissipn
from occurring in the fuel pool is found to have deteriorated. Fuel located nearn the
defective panel is moved tonather sectbn of pool. Longstanding problem; thinning poqg
is real solution.

June:Pilgrim opeating at 30 percent power crews worked to repair a seawater leak.




July:Electrical relays relied on to shut safety valves that prevent radioactive releasey du
an accilent found to have exceeded their shelf life by 12 years.

August:Fourday reactor shtdown after large valve on main isolation valve system fails to
close quickly enough during testing. Problem with same valve system caused shutdpwn in
August2015.

Sepember. Manual reactor scram due to high reactor water leviulty feedwater
regulata valve.

Release of hydrogen gas into the atmosphere above allowable levels. Entergy did not] notify
the Plymouthor Duxbury Fire Department of the hydrogesieaseas itis required to do
and filed a false report saying that they had followed the nofiftcaprotocol. A
mechanical malfunction of theirning gear that helps spin the turbine and maintain it in
proper balance forced a shutdown making eighth déiine.

November. High Pressure Coolant Injection System (HPCI) inoperable (NovixT). S
electiical relays that are part of the isolation valve system designed to stop radiation|from
leaking in an emergency. The relays were meant to be replaced evemai Fivewere
31 years old and the finahe was 17 years old (Nov. 17)

December Securiy NRC security inspectidound 9 violations of NRC security regulatiens
6 identified by NRC, 3 reported by Entergy. (Pilgrim Nuclear Power Stat®ecurity
Basdine Inpection Report 05000293/2016403 and Exercise of Enforcement Discretion,
Jan 11, 2017 Spent Fuel Pool PanefSixteen more deteriortating paneis spent fuel pool
found. They aremeeded toprevent criticality (Dec 7)MSIV leaksin three ofthe eight man

steam isolation valves, designed to close to prevent radioactivity from leakonghet
environment during a nuclear incident, Dec. Hgdrogen leakn excess allowed, Dec. 20.

There wasittle or no improvementfter the 2017shutdown.

Requlators say performance infractions had potential for safety concetn.

Gt [, aht'RIgIMNutSF NJ t 2SN { GF A2y Qa LISNF2NXIFyOS Ay
year showed no improvement from previous quarters, based on five violations found by

federal rggulators thal ¢ SNB O2yySOGSR G2 GKS adlFr¥FQa 7Tl Afc
keep parts in goo#vorking order.

4 Pilgrim quarterly eview finds 5 violations, Cape Cod Tim&hiistine Legere, August4l
2017http://www.capecodtnes.om/news/20170814/pilgrirguarterlyreviewfinds-5-violations
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alye 27T 9-ydn§ Nl ard disugsed in an August 22, 2017 article in Boston
Globe http://www.bostonglobe com/magazine/2017/08/22/pilgrimuclearplant-due-close

two-yearsbut-safety-concernslinger/JB5u9wtKekShHNgHKQOuxO/story.html

Recent History

f 2011: Pilgrimhadtg 2 aryhiSsedd ¢
and thus tothe safety of workers and the public.

aySENI YAade

Ef)::::nf)ornand Owner Highlights
SIT: Security problems prompted
Bilgrim o !:he NRC to Iinq]ilc:){? |:“;rlpe-::ial
te i tion. Details e
Plymouth, MA = pnrf)%?:m, their causes, and their
fixes are not publicly available.
SIT: When restarting the reactor
after a refueling outage., workers
overreacted to indications that the
Pilgrim Enter water inside the reactor was
Plymouth, MA gy heating up too rapidly, and lost
control of the reactor. The plant’s
safety systems automatically
kicked in to shut down the reactor.

2012 Pilgrim relicensed to operate to 2032
2013:t A f Ipddon@rice rating by NRC droppéde to multiple shutdevns and compciations

placing it among 22 reactors in the country requiring more oversight.
NA YQa LIS NF anNhergadeS ovérdght RP8gaMIbind 3 &her

2014 NRC lowers A f 3
I o{ © LI |-yﬁa
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2015 Pilgrim experienced anothenear-Y A adiuring winterstorm Juné. NRC keeps A f I NA Y Qa
performance as degradednd increasesversight in April. Pilgrim now joins 5 other U.S. plants
YIN] SR aRSINF RSRdE

1 2015, September The Nuclear Regulatory Commission (NRC) downgraded the PilgiciealN
PowerStation on September 2, ranking it as one of the three least safe in the countrgf 8atlt is

one step away from a forced shutdown by the federal regulators. The other two reactors are owned
Ffaz2do tAf DNFkeyuoni emegency shitloRrs, egulpraento I

o8 9yiGsSNBER

o

Scientists, pg.,8

5 NuclearNearMiss at Pilgrim, Davidochbaum, Union Concern&tientists, May 292015, at
http://allthingsnuclear.org/nuclea-nearmissat-pilgrim/

The NRC and Nuclear Power Plant Safety in 2011: Full Rieyiog on Borrowed Time, UnidBoncerned

aSR


http://www.bostonglobe.com/magazine/2017/08/22/pilgrim-nuclear-plant-due-close-two-years-but-safety-concerns-linger/JB5u9wtKekShHNgHKQ0uxO/story.html
http://www.bostonglobe.com/magazine/2017/08/22/pilgrim-nuclear-plant-due-close-two-years-but-safety-concerns-linger/JB5u9wtKekShHNgHKQ0uxO/story.html
https://www.google.com/url?q=http://www.ucsusa.org/assets/documents/nuclear_power/nrc-nuclear-safety-2011-full-report.pdf&sa=U&ei=q0I0U6rVA8viyAGV9oCYCA&ved=0CAUQFjAA&client=internal-uds-cse&usg=AFQjCNFxcuTWKQFUnKirmT7gpTjrAoFFOg

failures, and failure to take corrective actions to egkb the issues that caused the high number of
forced shutdown$

9 2016, Decembert KS bw/ Qa t NBf A Y xoafirdeBwhat ¢itlziOalrdady Kkve w S LI2 NJi

BecausePigNA Y A& 2y bw/ Qa aél GOK fAadé AG KIRREL6 dzy RSNH
0KS Dbw/ dzy AtySilSlySiRé2 vy f £ B Y IaA f O2 y i I ANbweyhlzer 28-w / NB LJ
December 8 inspection. Writteby Donald Jackson, the leatspedor, this report included a long

list of flaws at the plant that were observed during théial week of the inspection. The full report

Ad Ay (GKS aSOGA2y abw/ h@SNEAIKG FyR whial oé

In the email, Donald Jackson, said that:

"The plantseems overwhkned just trying to run the station."

The list ofPilgrim failuresnentioned in the email are:

failure of plant workers to follow established industry procedures,

broken equipment that never gets properly fixed,

lack of required expertise among plantpexts,

failure of some staff to understand their roles and responsibilities, and

a team of emploges who appear to be struggling with keeping the nuclear plant running

Other comments from Jackson include:

=A =4 =4 =4 =9

1 While cooperative, plant operators are "very disjed in their ability to populate meetings and
answer guestions. Staffing problems seem to imgemt fast the licensee can respond.”
1 "The engineering group appears unprepared to answer all of the questions being posed by the
team." That fact, Jackson daleads himto question their level of knowledge.
T a¢KS O2NNBOUABS I Oilem2ohave hegn hask\Sdevsl®BpzaglS NBE LI | y &
implemented, and some have been circumvented as they were deemed too hard to complete.
1 We are observing current indidahsof a sdety culture problem that a bunch of talking
probably won't fix."
1 Recurring problems ith the emergency diesel generators at the plant highlight "poor
engineering expertise, no communication with the shift manager and poor corrective action."

1 2017: The N completed its special inspectioriThe NR@ecided to keepPiglrim in its lowest
sakty category category4.

1 2019: Pigrim was promotedby the NRC and taken outfoCategory 4. On the one hand, it seems
clear NR@ oversight improved perfarance at Pigrim. On the other hand, the promotion could be
part of the NRC Commissior@rannouncement that they will considethangingthe Annual
Oversight Procesand allow the licensees to largely judge themsehssdf regulate This plan will
look mae rationale, although it is not, if the reactors across the natggore high on the Annual
Assessments.

"http://iwww.nrc.gov/info-finder/reactors/pilg/speciatoversight.html

10



Theb w/ Ae@dent Sequence Precursors Report
Pilgrim is the Leader of the Pack

The NRC defines arccidentsequence precursod ! { t 0 & aly 20aSNWSR S@Syi
plant, when combined with one or more postulated events (e.g., equipment failures, human errors),

could resut in core R I Y I 3 Btigrgallthingsnuclear.org/dlochbaum/accidergequenceprecursors
for-nuclearreactors The following NRC chattows the numbeof accidert precursor events that have

occurred at different nuclear reactarsC 2 NJ | y dzOf S NJ NBIF Oli2NE (KA&a Aa (K
you are down the list, the better you are doing. But Pilgrim is at the top, over time it has had 23 ASP
events, morethan any other reactor.

e

® Hstorical
Past 20 Years

®Past 10 Years

Number of Precursors

|| H l | | ”I |‘| Ml | M
R s IR R R i a s
g R R R B U S B U e ng
T ¥ g mﬁii!;gg ¢¥§§EEEE iisgé.!iziizsilgg ¢ giiiéj EEJ gsgzu Eééjgggi

Figure 11. Precursor Counts by Plant.
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http://www.nrc.gov/public-involve/conference-symposia/ric/past/2007/posters/asp-poster.pdf
http://allthingsnuclear.org/dlochbaum/accident-sequence-precursors-for-nuclear-reactors
http://allthingsnuclear.org/dlochbaum/accident-sequence-precursors-for-nuclear-reactors

What Are The Principle Risks That We S ee?

Fukushima can happen here.

The required mitigation strategies put into place to addrésssons learned from Fukushima are

either inadequatenot yet implemented or indefnitely postponed bythe NRC.

9 Pilgrim a sister reactor to Fukushimig, a flaved design Itscontainment is too small and in cetain
accident scenarios itcanexplotieA { S Cdzl dzZA KA Yl Q& ! yAG MZIHI YR o

1 t Af Idp@ntvfaeBpool is subject to a catastraplspent fuel fire becausehe fuelis too tightly

packed into its overcrowdepool located outside primary containment, with a thin roof overhead.

Pilgrim is vulnerable to a terrist event.

t A f 3 dhfety dtems depend on outside electric power foerate. Eledric reliability is not

assured.

Pilgrim is subject to extreme naal eventsgflooding, earthquakes and severe storms.

Pilgrim is an old reactor subject to age related degradation.

NRC oversight policy is inadequate.

Last, human error cannde discourted.

= =4

= =

= =4 =4 =

FUKUSHIMA COULD HAPPEN HERE

Pilgrim is the same design aselirukushima reactors and shares its flaws
a Ithoughwe have had a string of good daysll it takes is one very bad dag.

Fukushima: the Story of a Nuclear DisabiebDavid bchbaum, Edvin Lyman, Susan Q. Stranzen and
the Union of Concerned Scienis?§14° concluded that,

A Fukushimal @ LJS y dzOf SF NJ RAalF adSN) O02dzA R KI LISy Ay (KS
nuclear accidert it was anuclear accident that happened to occun Jgan. h fact, if

exposed to similarly complex challengedi 100 operating reactors in the United States

would likely have similar outcomes. Worse, diagse and US. regulators share a mindset

GKIFIG aS@SNBI adzldldés SIRG @A RS 264 LINRD [ dnyAffA 1 St & | yR
time to protect against. Fukushima showed that unlikely eveateccur.

Nuclear power can be safebut U.S. regulators anQ doing teir job: Despite a long

history of complacency and underestimatingks, the U.S. agency charged with nuclear

powert the Nuclear Regulatory Commission (NR€)uld heed the lessons of Fukushima

and improve U.S nuclear safety. Unfortunately, tNRChl- & yEOSilF NJy SR Cdz] dza KA Y I ¢
lessons I YR | ®f{ & y dzOf S| NlsdfdhstieNdowuld ahdyskodld be NSy Qi | a

8 http:// www.ucsusa.org/nuclear power/nuclear power risk/safeti{fishimabook.html

12


http://www.ucsusa.org/nuclear_power/reactor-map/embedded-flash-map.html
http://www.ucsusa.org/nuclear_power/nuclear_power_risk/safety/fukushima-book.html

Lessons Learne®r Not Learned, From Fukushima

On March 11, 2011, a 9@agnitude earthquake struck Japan and was followed by-toditsunami,
resuting in extensive damage to the nuclear power reactors at the $hika Daiichi facility. What

f Saazya Kl @8 0SSy fSINYySR YR @KL plant siatsS
implementation of mitigation strategies ordered by NRQe aavalable 2 y bw/ Qa.
(http://www.nrc.gov/reactors/operating/opsexperience/japan/plants/pilg.html

ORDER COMPLETION DATE STATUS

Orderfor Mitigation Strategies
to Respad to ExtremeNatural
EventsResultingn the Lossof
Powerat Plants(EA12-049)

Complete full implementation
no later than two (2) refueling
cycles 8 after submittal of he
overall integrated plan, as
required in Condition C.1.a, or
December 31,201&vhichever
comes first. December 2015

Complied

The OIP for EA2-049 was
submitted (Reference 3) on
February 28, 2013. On May 20
2015, PNPS entered Mode 2
(startup) followingrefueling
outage 20 which was two refue
cycles after submittal of the
OIPs. Hucompliance with
Order EAL2-049 was achieved
at that time.

Modified Orderfor Ensuring
ReliableHardenedContanment
VentseEA13-109)

Phase 1, severe accident
capable wetwell ventStartup
following Spring 2017 reéling
outage

Phase 2, drywell severe
accident capable drywell
venting systemJune 30, 2019

Entergy applied to postpone
implementation until after plan
closure. NRCallowed Pilgrim to
postpone implementation until
AFTER it shutde; then it
would apply for relief from the
Order @pril 17, 2017Y.

Orderfor Enhancing
SpentFuelPool
Instrumentation

December 31, 2016

CompliedJuly 17, 2015

Requests for Informabn

Request for Information for
Seismic and Flooding
Reevaluations and Walkdowns

Entergyrequesed deferral of
adionsrelated toflooding and
seismic reevaluation®r Pilgrim
in antidpation of the planned
permanent shutdown of Pilgrin
in Mmid-2019 NRC concurred,
April 17, 2017.

National Academy of SciencesIAS), July 24, 2014, released fimal prepublicaton report by a
committee tasked with reviewing the March 2011 accident at the Fukushima nuclear plant in Japan and
its lessons for improving the safety of U.S. reactimiial commentson the report from the Union of
Concerned Scientists are availabét: http://allthingsnuclear.org/nasreport-lesonslearnedfrom-
fukushimanuclearaccidentfor-safety-of-u-s-nuclearplants/

13


http://www.nrc.gov/reactors/operating/ops-experience/japan/plants/pilg.html
http://www.nrc.gov/docs/ML1205/ML12054A735.pdf
http://www.nrc.gov/docs/ML1205/ML12054A735.pdf
http://www.nrc.gov/docs/ML1205/ML12054A735.pdf
http://www.nrc.gov/docs/ML1205/ML12054A735.pdf
http://www.nrc.gov/docs/ML1314/ML13143A321.pdf
http://www.nrc.gov/docs/ML1314/ML13143A321.pdf
http://www.nrc.gov/docs/ML1314/ML13143A321.pdf
http://www.nrc.gov/docs/ML1205/ML12054A679.pdf
http://www.nrc.gov/docs/ML1205/ML12054A679.pdf
http://www.nrc.gov/docs/ML1205/ML12054A679.pdf
https://www.nrc.gov/docs/ML1205/ML12053A340.pdf
https://www.nrc.gov/docs/ML1205/ML12053A340.pdf
https://www.nrc.gov/docs/ML1205/ML12053A340.pdf
http://www.nap.edu/catalog.php?record_id=18294
http://allthingsnuclear.org/nas-report-lessons-learned-from-fukushima-nuclear-accident-for-safety-of-u-s-nuclear-plants/
http://allthingsnuclear.org/nas-report-lessons-learned-from-fukushima-nuclear-accident-for-safety-of-u-s-nuclear-plants/

POTENTIAL CAUSES OF AN ACCIDENT

What can go wrong@he Union of Concerned Scientistysii K G & b dzOf S| NJ LJ2 6 SNJ LJX |
systems operated by human beings who @l do makemistakes. As such, they are vulnerable to

accidents and failuresdsause of natural disasters such as flooding, earthquakes and extreme weather,

fires, equipment failures, improper maintenance, and humanetfor ! RR (2 G KSadsafaix (SI
malice.

The major risksof an accidentat Pilgrim Stationinclude: a fundamental design flaeading to
containment failure spent fuelstorage riskssecurity,loss of electric power to operate safety systems;
natural events(storms, flooding, sismic) couged with inadequae Post Fukushimanitigation (FLEX)
strategies;age related degradatiorof componentsand improper maintenanGeNRC failing to enforce its
own rules, andhuman error

In the event of an accidenemergency responselans andprocedures and post accident cleanup
planningcome into play. They also areaifequate.

CONTAINMENT FAILURE
VENT & HYDROGEN /STEAM EXPLOSIONS

¢CKS NRAA] 2F | O2yUlFAYYSYy(d FIAfdzNBE Aa
containment, like that of allGEMark | Baling-Water Reactors, is too small.
More thanforty years ago, th&RC identified a serious design flawGE Mark | Boilg-Water Reactors

(BWR3- the containment is too small so that in certain accident scenarios the containment woduild fail
the eventof pressure build uphydrogen and/or steam

The lack of containment integrity of the GE Maredctor design was reognized as early as 1972. Dr.
Stephen Hanauer, an Atomic Energy @ussion safety official recommended that the Mark 1 pressure
suppression system be discontinyexhd any further designs not be accepted for construction permits.

9 http://www.ucsusa.org/ourwork/nuclearpower/nuclear-power-accidents#.VOtZyHrsw
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Hanauer's bossJeseph Herdrie (later an NRC Commissioner) essentially agreed Mithauer but

denied the recommendatiobecauset could mean the end the nuclear power industry in the t9.8n

NRC analysis of the potential failure of the Mark | under accident conditancludedin a 1985 report

GKFGZ daal N] L TFI Af dziddwingkdieknrelywolildkafpedr ratNét likelyF B 49865 2 dzNA
Harold Denton, then the NRC's top safety official, told an industry trade group that, "The Mark |
containment, especi&f being smdler with lower design pressurelespitethe suppression pool, ifoy

look at the WASH 400 safety study, you'll find something like a 90% probability of that containment
failing*"

Fukushima demonstrated in retiine that these fears were true Fukushimaunits 1, 2, and 3 exploded.

Pilgrim andhe failed Fukushima resars have the same design.
Direct Torus Vent (DTV)Not a Full Proof Fix

t Af ANA YQa 5 Ankilied passivefitdied, not sewérié accident capable

To protect the Mak | containment from a likely total rupture, NRC advised venting high presisuitd-

up. As a result, an industry workgroup designed and install&tirect torus vent system" at all Mark |
reactors, beginning with Pilgrim. However the NRC recognizedtieatent was not fulkproof. During

some ATWS (anticipated transient withowutram) events, the pressure in the containment will rapidly
increase. Venting pressure could be reached in a matter of minutes rather than hours. Therefore venting
may not preveh containmert failure because of the high containment pressurization rate thet NRC
apparenty decided it would nonethelegsovide additional time to lsut downthe reactor and delag

core melt!?

Operated from the control room, the DTV is a reinforcegegngalled in the torus and designed to
release radioactive highressure stam generated in a severe accident by allowing unfiltered
radioactive release directly to the atmosphere through the vent stack. Reactor operators have the
option whether to openthe vent to, what was believed preukushima, "save the containment," or
whento keep it closed in order not to unnecessarily expose the public and the environment to unknown
amounts of harmful radiation.

10 Copies of the three original AB@mos, including Hendrie'sovember 11, 1971: outlirssproblems with the
design and pressure suppression systemtagomment; September 20, 1972 memo from Steven Hauer
recommends that U.Stap licensing reactors using pressure suppression syst@&epember 25, 1972memofrom
Joseph Hendrie ¢p safety official at AE@ureeswith recommendation but rejects it saying it "could Weiean

the end of nuclear power...SeeEA12-050 Adjudication Preeding http://adams.nrc.gov/énd/ All Power
reactors EAL2-050 & EA12-051, Pilgnin Watdh Pleading, Exhibit 3

BagwSEkOG2N RSaAIyo ASY WdeSayi ARIVESREZY b, ¢ al NOK MpPZI HAMMZI
Urges UNRC to Settle Doubtd 2 dzi al NJ L / 2y (McB#WHSYal. B,No. 1uaerdRIS86.b w/ =
12 Chairman Keneth M. Carr, Responses to Concerns raised by W.R. Griffia,21L, 1990, Enclosure 2, Response

to Question 2, page 5. S&E&12-050, Adjudication Proceedindpttp://adams.nrc.gov/ehd/ All Power reactors EA
12-050 & EA12-051, Pilgrim Watch Pleadingxh.,5
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Post Filkushima Vent Orders?!®

NRGexcused Pilgrimfrom complying withb w / \@@t Orcer

On March 12, 2012, after the Fukushima disastee, NRC issued an Ord&A13-109)requiring all U.S.
nuclear power plants with the Fukushirstyle containment design to#all a se\ere accident capable,
reliable, hardened vento remove heat and mssure before potential damage to a reactor core occurs
in order to prevent an explosion aralso help delay reactor core damage or meltidgter issuing the
order, additionaNRCevaluaions examined the benefits of ventiadter reactor core damage oacs. In
June 2013, the NRC maodified the Order to ensure those vents will remain functional Ilikelye
conditions following reactor core damage.

The order on venting requés licenses to implement its regilements in two phasesln Phasel.:
Licenses of BoilingWater Reactors with Mark | and Mark Il containmentere required todesign and
install ad K I NR Seyitidgr$ystem that provides venting capability from thetwell during severe
accident conditionsThese conditions include seismic, snoee, iextreme high or cold temperatures.
They do not include flooding. (See section below on Natural Events) Rilggnmitiallyrequired by the
Order toimplement Phase 1 inp8ng 2017.

However onJune 24, 2016Entergymade a requesto NRC to extendompliance with the Order until
after Pilgrim closed on June 1, 2Q0B®d said that Pilgrim thenvould ask relief from the OrdeRilgrim
Watch (PW) filed a Request for Hearin§eptember 2 Hnamc OKIFffSy3aAay3a 9
proceeding is availablendo w/ Q& 9f SOUGNRY A O | S| NROFEA TheP\D Peftior> T
FNHdzSR GKFG 9y GSNBe&Qa NI deSvauld denK @tidehsRandocmmiaritigsA SR 0
the protection a reliable severe accident capable wetwell venting system wawldgge during the two
NEYIFAYAYy3a @SINR 2F tAfIAINAYQa 2LISNIdGA2yad 6H0O Lia

BNRC Electronicibrary, ADAMS, Accession No. ML15043Al&#://www.nrc.gov/reactors/operating/ops
expeiencdjapandashboard/hardenedients.html
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water. (3) Further, it should be denied on procedugrounds. It isin reality a request for a license
amendment; and Entergy stb R 0SS NBIljdZANBSR (2 F2ftt2¢6 bw/ Qa Nz &
f A0SyasS (KIG AyOfdzRS&a 'y 2L NIdzyAde F2N KSENRAYy3IOD

Once agairbntergy shaved that it is more than willing to shortchange public safety ideorto save
money. The NRC concurred OnApril 17, 2017 the NRGdecided not to emforce its own rulesand
NEljdzZA NS tAfINAYQa 6SigStt @Syid (G2 060S aASOSNB | OOAR

In Phae 2, Licenges were required todesign and install a venting system thatovides venting
capability fom the drywell under severe adent conditions, or, alternatively,to develop and
implement availablecontainment venting strategy that makes it unlikéhat a icensee would need to
vent from the containment drywell during sewesiccident conditions.

The later provision let the industry off the hooRilgrimoriginally said it wouldmplement Phase 2 in
Spring 202 ¢ 10 years after Fukushimbaut with its closureJune 2019, it will nodo so.

t Af IWgwelMentinstalledin KS 4GS mdy nQa

DTV Not PassiveBecause ofGE's design deficiency, the original design for a passive containment
system was compromised in favor of a system that relied egtioa human control, despite all the
associated risks of error and technicaldee. A rupture disc at the beginning of the vent (not end as in
the present design) would solve that probleiso,the design could be adjusted to allow venting at a
lower pressure by adding some piping to allow byassing the rupture disc.

DTV Not Fikred: TKS bw/ Q& RSOA & A 2 ythe BekidiykhSt Nehulliry ¥ filldPol thel S R
vent. After NRC studiedessons learned from Fukushin2012), the NRC Technical StaBammmended

that the NRGQCommissioners requiriiters (SECY.2-0157) Thestaff argued thatabsence of a filter not

only contaminates offsite communities but also had significant negatiiatended consequences at
FukushimaThe New York Times explaingsht 6cGoverrment officials have also suggested that one of

the primary causes fahe [Fukushima] explosions was a seveflabur delay in a decision to use the
vents, as Tokyo Electric managers agonized over whether to resort to emergency measures that would
allow a sulstantial amount of radioactive materials to escape into thé'aii

NRC Commissionefisst voted not to require filterdsn the DTVthey thenkicked the can down the road
ofor further study¢ They ignored the facts thdilters are required fo normal evayday gaseous release
from reactors The NRC has given no reasbat designbasis gaseous releases are filtered; yeich
largergaseous releases during severe accident are unfilteBsdeden, France, Germany, Romania and
soon Japan all requ filters™® - but not the United StatesAnother NRQpolitical decisionto savethe
industry money.

After the Commissioners rejected its initial recommendations, NRCstaff re-studied filtering, and
renamed itad / 2y GFAYYSy{d t NB{SOibiRIgmakngbin itsvidriaBdd &tGdy,hie S R dzO i

14 Hidden Dangers: Japanese Officialgnored or Concealed DangersYT,Hiroko Tabuchi reported from Tkyo,
Keith Bradsher from Hog Kong, and Matthew L. Wald from Washingtolay 17, 2011.Exh 7

5 phw/ { G-AuRuShima Trip eeport to learn about otherwrwi NP TYawith filters ard rupture discs to
better advise the NRComnissioners on what to dbere to reduce risk is nopublicly available and can be found
Fd bw/ Qa 9 fy BHAMS,Agtdsson hunBaNI2178A670
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Staff backed awayrom its earlier ecommendation to require filters on vents. The NRC Commission

& dzLJLJ2 NIi S R revis&d$ecofnmdndatio o filters. Also the NRC Commission, August 19, 2015
voted not to sue a Fedeml Register Notice requesting public comment on the Staff Draft
recommendation but instead to move forward without public comment. (Commission Notation Vote,
Decision item SEEB-0085)

How can NRC justify not
requiring filtered vent?

Lesson: Filtered Vents

Design basis accident
vent: filtered

N
}4 ==| ==

’ - == —
< Beyond design basis
accident vent: unfiltered?

7
Normal vent: filtered

Soume: Lessons fron Rt shima, August 7, David Lochbaur, Union Concemed Scientists

{GFFFTQa Hnmp -WERIRSREBIER | G A2y

Tojudify itsreversal of its earlier recommendation, ttgtaffchanged thehe way it performed its cost
benefit analysis In its renamed study,hie Staffrelied on flawed and unsupported assumptions; and
used outdated consequence codddELCOR, MACCSJ&OARCA.

Econonic consequenceslso were gien a backseat because they stemhvan estimated$1l to $64
million dollar filter would save$3.51 billiondollars in offsite economic consequences. (Tabk &taff
analysis)Health consequences were limitéd fatal cancers andin a too-small geographic area. Health
consequences werdetermined to be zero bynakingthe ludicrous assumptions that (i) evacuations
would take less than 6 hours meaning everyone would get out 6tiget in time; and (ii) accidents
would be sbw breaking because severe accident water addition (SAWA) meaatureactors would
work 60% of the time and slow the need to vent until folks got away. The staff convenientlydghere
40% of the time SAWA was estimated not to work.

18 Draft Regulatory Basis for @ainment Protection and Redse Reduction for Mark | and Mark Il Ba Water
Reactors (10 CHRart 50), May 2015 (ADAMS$sson No. ML15022A214)
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Industry- No Excuse Not talnstall aWet WellFilter

Thez S i ¢ S®ctultbig Capabilityprovides noexcuse not to filtet

AU.SgovernmentNB L2 NIi FNBY wmpyy SyadAdGt SR GCAt G§SNER @Sy
said:

Awithin the United Stats, the only commercial reactors approved to vent during severe
accidents are biting water reactors having water suppression pools. The pool serves to
scrub and retain radionuclides. The degree of effectiveness has generated some debate
within the technichk community. The decontamination factor (DF) associated with
suppression poolcubbing can range anywhere from one (no scrubbing) to well over 1000
(99.9 % effective). This wide band is a function of the accident scenario and composition of
the fission poducts, the pathway to the pool (through spargers, downcomers, etc.), and
the conditions in the pool itself. Conservatii@F values of five for scrubbing in MARK |
suppression poolsand 10 for MARK 1l and MARK Il suppression pbalge recently been
proposed for licensing review purposesThese factors, of course, exclude considéoas

of noble gases, which would not be retained in the pab{Emphasis added)

The decontamination factor of 5 for the Mark | containment (as used in units 1 through 5 oftifn&u
Daiich and the 23 in the U.#cluding Pilgrilmmeanghat 80%of the radioactive substances (excluding
noble gases) is retained, wh2®% is released.he FILTRA system installed at 10 Swedish nuclear power
plants and one in Switzerland is desigrio ensurethat in a severe accident 99.9% of core inventory is
retained in he containment or the filters.

The difference between releasing up to 20% versus 0.1% is hilgeeansthat up to 200 times more
radioactivity is released in the systatafended by TEPC@nd used by alU.S. BWR Mark | operators
(including Entergweraus the enhanced system used in Europe and commercially available worldwide.

Backpressuralso provides noexcuse not to filter

Industry has argued that filters would be danges due to backpressureAgain, ot so. Their argument

is about saving money,oh safety. Backpressure is not an obstacBackpressure is an issue that is
repeatedly faced at nucleaeactors, and successfully manageld.is true that installing filtersn the
torus vent lines will cause higher pressure inside containment thao fflters were present; but, this is
y 20 | -ad 2 KICKWdhEoperators are instructed to open the torus vents when containment
pressure reacheso manypounds per squar inch (psi) At (x) psi, the opened torus vents keeps the
containment pressuréelow the level that could cause it to catastrophically fail. When the properly
designed filters are installed in the torus vent lines, the procedures may need to be revigeidddhe
operators to open the vent valves atpressure(y) psj that isslightly below(x) psi to accommodate the
backpressure from the filtersput that is all. With a properly designed filter, the pressure reductidh
any- will be negligibly mall.

17 Filtered Venting Considerationstime United States, R. Jack Oallman, L.G. (Jerry) Human, John (disick): K
http://www.osti.ge/enegycitations/purl.cover.jsp?purl=/6945722aXGrD/694572 2df
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Theeefore, the only reason that set well ventfilter could not be inglled in the torus vent line is
incompetence dre capable engineerseally unavailable) or cheapnesthé industry does not want to

pay for capable engineer or their designd/e expect that Entergy has, or can readily firide skill set to
design such dilter system. We simply need the spine to make it happen; we trust NRC will have the
spine after Fukushima.

NRC Determined Dry Well VeAtsoNeeded (EAL3-109; revised EAZ050)
PilgNA YQ&a LINROl oAfAGE 2F SELX 2aweRPwnti a Ay ONBI

On June 6, 2013, thBIRC issued another order (EA13-109), this timerequiring installation ofa
second venta dry well vent, bcause the wetwell vent (ordered kifite Commisson inits earlierEA
12-050) would be inoperabli a severe accaht with core melt.In its new order, he NRC said that:

During severe accidents involving molten core debris breaching the reactor vessel,
mitigating strategies include injaog water into the containment to help prevent drywell
liner meltthrough, whid would result in a release pathway directly into the reactor
building. However,water injection can eventually increase the water level in the
suppression pool to a point wheverting from the wetwell would no longer be possible.
Without venting containrent pressure could continue to increase, threatening containment
failure¢ 618109, 7; Emphasis added)

Inexplicably, unless the only reason is not to require reactor dpes@o sperd the money to do what
safety requiresEA13-109 dd not require gerators to fix the identified safety issues until more than
six yearsafter the order was issuedune 30, 201%

Our view ighat the NRC cannot pretend to satisfy its Adbligation to protect the public health and
safety now by allowing Pilgrim, aridgically by extension reactors of like design,ctntinue to
operateuntil EA12-050 provisions, as revised by-E&109are fully implementclose down sometime.

Realitynot Theory - Lesons from Fukushima

Pilgrim assume that the DTV would workwithout filters; that theoretical assumption was the
underpinning of its assumed probabilities in accident sequences. But this suplamdax-need was
GaKz2gyé 2yfte bss. 0KS2NBGAOIE |yl

Thee have beeronly real tests of the DT¥ Unit 1, Unit 2, and Uni8 at Fukushima, MarcB011 In
each test, the containmenfThree out of three failureare not a good scoreThe real reasons for these
failures2 ¥ Cdz| dza K A YOTQ&ipredayt gahtdintnénNBlure include:

18 EA12-050, modified by EA3-109, does not have to be implemeR dzy G A £ & & ( écolld cfu@ling N2 Y {1 K §
outage that begins aftejune30, 2014 or June 30028, whichever comes firét(Order, 11); EA 13mn ¢ Y2 KI a4 S
RNEgStt @Sy logmeni af % rélialfedntaifieg Senting system strategy that makaslikelythat

a licensee wold need to vent from the containment wwell during severe accidenD2 Y RAGA 2y aé 0O0hNRS
emphasisadRSR 0 A& ay2 I SN {KngyutajdithaNdegias hitd SkRey30, 2K B orBundlB G NE
30, 20109.
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a) Human Error- Properly trained operates decided not to open the DTV when they
should have because they feared the effects offsite of significant unfillerledses.

b) Vent failure- When the operators finally decédi to open the DTV, they were unable to
do so.

c) Containment failure- The failue of the DTV to vent led tthe expectedcontainment
failure/explosions that resulted in significant ongoing offsite consequences.

WhileJapan is installing filtered vents is ieactors joining other nations around
the world the U.Sremairs an outlier-saving industry money not public health.

Designs that Reduce Rigite Available Today

CKSNB | ydzYoSNI 2F aeadasSvyasz | @lAtl ofS nyfdlivgs
For example, thaVestinghouse FILTRAVSS (multventuri scrubber gstem)shown belowa passive,
selfregulating systenthat provides iltered pressure relief of BWR/PWR reactor containméhfthe

system is passively actuated by a rupture digcelectric power is requiredIt can provide relief in the
event of a total dss of AC power for 24 houtkat otherwise would lead to thdoss of core cooling
ability. This includes a total loss of electrical power from both the external grid andaatitgpecific

power backup systems, as well as loss of steam turkingen coe cooling pumps.

Optional metal
fiber filter

Demister

Heat exchanger coil

Venturi manifold

FILTRA-MVSS system design

FILTRA-MVSS (circled) at Forsmark 3, Sweden

The FILTRMVSSs designedo satisfy Swedish regulations requiring 99.9 % of the core inventory of
radioactivity (excluding noble gasses) be retaiirethe contanment or filtered in case of venting; and it
has high decontaminan factors for gagarried particles, aerosols and elemental iodines. It is fully
passive for at least 24 hours after initial venting and requires no startup time.

WestinghaisS OFilraMVSShas beeninstalled in 10 Swedish reactors and one Swiss reacis
describedjts benefitsinclude

9 Passive design for at least-Béursno operator action required to activate system
1 Very high removal efficiencies:

19 http:// www.westinghousenuclear.coffroducts_& Services/docs/flysheets/NES-0207 . pdf
21
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- Aerosols > 99.00 #%econtaminaton factor (D) > 10,000 with optional fiber filter for smallest
particles

- Elemental lodine> 99.99% (DF> 10,000)

- Organic lodine: > 80% (DF>5)

- Same DF for all flow rates

Designedor all seismic loads

Designedor awide rangeof postulated accidnts

Ability to avoid and cope with oxyhydrogen combustion

May be used in feednd-bleed mode for longerm core cooling

= =4 =4 =4

For a BWRL dzOK | &, the FLTRRNWSSOduld be connected to the hardened vdts.filter
providesseveral filtration steps, bbf which ae contained in the tank: the multienturi scrubber, a
water pool,a moisture separator, and finally an optional metal fiber filter.

Hydrogen Explosions

Operators attempt
to vent containment EACTOR DURDA]

= * Hydrogen buildup
e @\ explodes in Unit 1,
oo ) 3 Reactor Building
(]

RELCTOR FUSL

Hydrogen buildup
explodes in Unit 2
Torus

The reactor explosions at Fukushima were attributed to the ignition of hydrogenhgasdilected in
the reactor buildingsThe hydrogen gas most likely came frarmhemical reaction between water and
the metal cladding of fuel rods in the reactor comhen the water level inside the reactor vessels
dropped low enough to expose at leastetupper cote regions. The hydrogen gas initially collected in
the reactor vessl.?°

Hydrogen explosions were supposed to be avoidedhbyting with nitrogen but its effectiveness was
shown to belimited at Fukushima The NRC Task Force July 12 Reportessgns Leaned from
Fukushima reported thatenting is the key.

The method ofcombustible gas control in BWR Mark | and Mark Il containments (i.e.,
containment inerting with nitrogen) will prevent hydrogen fires or explosions as long as

20 possible causef Reactor Building Explaosis, David Lochbaum, March 18,2011
http://allthingsnuclear.orgdlochbaum/possiblecauseof-reactor-buildingexplosions
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containment remais isdated, but it will not eliminate the hydrogen resulting from an
accidentdamaging the core.

This means that in a BWR Mark | or Mark Il containment, the hydrogen must be kept in
containment by controlling containment pressure without venting (itarough heat
removal from the containment when possible) or by venting to a kafation.

Venting serves a dual function: overpressure protection & venting of hydrog&mhancing the
containment venting capabilities for Mark | and Mark Il containmentsileaprimarily intended for
overpressure protection, would also provide for theliable venting of hydrogen to the atmosphere.
These two steps wouldreatly reduce the likelihood of hydrogen explosions from a severe accident.
[NRC Task Force Report, g2, emphasisadded]

Resources, Hydrogemark Leyse, Petition for Rulaking, that discusses among other things that US
simulations of hydrogen explosions in severe accidents are very crude compared to the European
simulationsg link to PRM50-103: http://pbadupws.nrc.gov/docs/ML1130/ML11301A094.pdf

RADIOACTIVE WASTE

Different Kinds of Radioactive Waste

Radioactivewastes are classified, not according to the threat they pose to humeditthor the
environment, but according to the process which produced the wadibere are two general

categories: High Level Waste, and Low Level Waste. One category of Low Level Waste, Greater than
Class C Waste, is highly radioactive.

As defined byhe NRC:

High Level Waste (HLWmeans lhe highly radioactive materials prodeat as byproducts of fuel
reprocessing or of the reactions that occur inside nuclear reactors. HLW includes:

1 Irradiated spent nuclear fuel discharged from commercial nuclear pogastors

1 The highly radioactive liquid and solid materials resulting fromré@ocessing of spent
nuclear fuel, which contain fission products in concentration (this includes some reprocessed
HLW from defense activities and a small quantity of repreasommercial HLW)

See: https://www.nrc.gov/readingm/basicref/glossary/hidn-levetwaste.html

CommercialLow-Level Radioactive Waste (LDWs defined by what it is not. It is not hidggvel
radioactive waste, transurancic waste, spent fuel, or by pobdnaterial (uranium or thorium mill
tailings. lItincludes everything from igihtly radioactive trash (such as mops and gloves) to highly
radioactive activated metals (such as plutonium) from inside nuclear reactors that are just as radioactive
as any Hjh Level Wage. LLW is divided into four categories based on the types obradiides and

their concentrations: Class A, B, C and Gretlign-Class Cdass A is the least radioactiv@reater
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ThanClass C is the most radioactive and generally corexidensuited for nearsurface disposal!
Because if its ticity, it eventualy must be stored with spent fuel in a deep repository.

According to the NRC, LLW is:

A general term for a wide range of items that have becammetaminatedwith radioactive
material or have become radioactive through exposure to neutron radiation. A variety of
industries, hospitals and medical institutions, educational and resdastitutions, private

or government laboratories, and nuclear fuel cyclelfées generate LLW as part of their
day-to-day use of radioactive materials. Some examples include radioactively contaminated
protective shoe covers and clothing; cleaning rag®ps, filters, and reactor water
treatment residues; equipment and tools; miedl tubes, swabs, and hypodermic syringes;
and carcasses and tissues from laboratory animals. The radioactivity in these wastes can
range from just abovenatural backgroundlevels to much higher levels, such as seen in
parts from inside the reactor vessel imnaclear power plantLowlevel waste is typically
stored onsite ly licensees either until it hasdecayedaway and can be disposed of as
ordinary trash,or until the accumulated amount becomes large enough to warrant
shipment to dow-level waste disposaiite.

Seehttps://woww.nrc.gov/readingrm/basicref/glossary/lowlevelradioactivewastellw.html

The states of South Carolina, Texas, and Washington havevewaste sites.However, the

Washington facility does not accept waste from oetiggdregion, and the South Carolina site is available
only to the three members of the Atlantic disposal compact (Connecticut, New Jersey, and South
Carolina) as of June 30, @8 The lowest-concentration class of lo¥evel radioactive waste (class A) is
accepted by a Utah commercial disposal facility from anywhere in the United States.

Threats by states to close their disposal facilities led to congressional authorizagigara compacts

for low-level waste disposal in 1985. The first, andasoonly, new disposal site under the regional

compact system opened on November 10, 2011, near Andrevi$ Th¥.Texas Legislature approved

legislation in May 2011 to allow up to @0ofthefa¢ | i t yds capacity to be used
Texas Compact, wbh consists of Texas and Verméht.

Pilgrimused to send itéow-levelradioactive waste to Barnwell, South Carolina. Massachusetts lost that
option. Now Pilgrim sends it B,and Clow level radioactive wast storage in Clive, Utah, after it is
blended at the Irwin ResiRrocessing Facility in Irwin, Tennesske 0f2017, Pilgrim has one barrel of
GTC.That barrelis stored outside, close to Cape Cod Bay. Like spehttfis standed.Massachusetts
General Laws Chapter 111 H established the 1lcevel Radioactive Waste Management Board (Board)

21 High Levebollars, Low Level Sengestitute of Energy and Environmental

Resarch, http://www.ieer.org/pubs/highlvi4.html

2Waste ControBpeci al i sts LLC, #fAHistoric Texwsnesosmpd chtt tDacamp/ovsvaw. wWcascti
23 Waste Control Specialists LL&Wase Control Specialists @nmends Passage of Legigat , ptess release, May 31, 2011,
http://www.wcstexas.com/PDBEownloads/WCSAnnounceslegislation.pdf?nxd_id=98546.
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to manage the options available to the Commonwealth for dealing with low level radioactive #aste.
See its website for infonation on LIRW in the state.

High-Level Radioactive Wast&Spent Fuebtorage
PAfANAYQaA { LISyl cCcdzSt t22f

The diagram below shows the inside of Pilgeida NI I O {, 2amntlalsp difief R Madk | BWR
reactors Theprimarycontainment is in red; and thepent fuel pal isin blue. Note that the spent fuel

pool is high in the reactduilding and outside therimarycontainment.
Light Welght Roof

2" Thick Reinforced Concrete

&

Shicld 5" Thick Reinforced Concrete
y

For a brief and highly humorous overview of spent fietagewatch: John OliveScares The Hell Out
Of AmericandVarning Against Nuehr Waste. https://www .rawstory.can/2017/08/watchjohn-oliver-
scaresthe-hell-out-of-americanswarning-againstnuclearwasterick-perry-is-handling/

Risks of Spent Fuel Pool Storage

Pool Location; HigiDensity/ClosedFrame Pool Storage

t Af ANRYQA & LISy ibutsHapdrary todtdirfmenk, & thé @t fidd® & the reactoWith

only a thn roof overhead itis vulnerable to an air attack, even from a small plane. The pool is densely
packed in a closed frame design. It was designed to store 880 assembliesf eduthacontains many

fuel rods. When Pilgim was constructed, thelan was tlat a few spent fuel assemblies would be stored

in the pool for a short time, and then would be sent-sitie for reprocessig.

24 See MDPH welisifor information.
http://ww w.mass.gov/eohhs/gov/departments/dph/pgramgenvironmentathealth/exposure
topics/radiation/low-leve-radioactivewaste.html
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Originally, NRQules required plant owners to maintaiempty spaces (580 in the case of Pilgrim) to
allow for a full core offload, but this requirementas eliminated!? Pilgrim refuels every two years.
Every time it refuels, eveen about 150 and 200 spent fuel assemblies are moved from the reactor
core nto the spent fuel pool.

Because Presid¢ Carter banned reprocessing commercial spent nudieal in 1997 andalso because
there is no offsite national repository to whidommmercial spent nuclear fuel can be sent, more and
more assemblies are beirstpred in the spent fuel pool, for longer periods of time. In June of 1994, the
NRC gave Pilgrim approval to store 3,859 assemblies in the then 20+ years old spent fuslpaobbfA

its 2015 and 2017 refueling, Pilgrim moved 544 assemblies from theim eight dry casks (68
assemblies per cask) in its new Interim Spent Fuel Storage Facility (ISFSI). As of August, 2ai&, there
2,822 spent fuel assembligsthe spentfuel pool; and 580 assemblies in the reactor core.

Because the poohow contairs far more assemblies than the number for which it was originally
designed, they are packed in a tight framed configuration with much less spacing between adjacent
assembles. Ths tight packing placesis at risk of an uncontrolled fire, a fire that likedannot be
extinguished. A fire can occur if the coolant water drops to the top of the asseraBlign® result of an

act of malice, if there is a human or mechanical errbg ¢ask dr@s in the pool during transfer to dry

cask storage, or a reactoradent migrates to the podf!

Pl NURE®575 Vol. &

http://adamswebsearch2.nrc.gov/webSearch2/main.jsgeéssonNumber=ML022550127

81 The Massachusetts Attoey GenleNJ £ Q& wS1jdzSad F2NJ I | SriteNdng \Fith regpBectto SGA G A 2
9y GSNHB& bdzOf SI NJ h LIS i Rerde@ay Gf the Rilghinil@2izar PoldrIPlan@ IOpekagng License

and Pdition for Backfit Orde Requiring New Design feaes i Protect Against Spent Fuel Pool Accidents, Docket

No. 50-293, May 26, 2006 includes a Report to The Massachusetts Attorapgra On The Vulnerabilityfo

t Af ANAYQa {RigksainidRskcRedBdingOptliss fAssoctad with PoolStorageof Sgent Nudear Fuel

at the PilgrimandVermontYankeeNuclearPower Plants Gordon Thompson, May 25,2006
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Consequences of a Spent Fuel Pool Fire

1 2016 Princeton StudyA major Spent Fuel Pool fire could contaminate as much as
100,000 square kilometrs of land (38,610 square milesand force the evacuation of
millions.

1 2013 NKEStudy: A severe spent fuel pool accident would render an area larger than
Massachusetts uninhabitable for decades and displace more than 4 million people

1 2006 Massachusettattorney Gereral Study: $488 Billion dollars, 24,000 cancers,

hundreds of milesuninhabitable

Much of the damage from a pool fire would be caused by the release of G&8iiim

To make the risk meaningful, it is useful to compare the inwgntd Cs137in Rl3 NJA p66) and core
with the amount of C4.37 released at Chernobyl.

Chrernobyl: 2,403,000 curies €37
t A f 3 N ¥MDME0,000Z #iés €37
t At 3 NA:B03D,000 BuNSS CE37

See a recent 2012 GAO Report:, GA@797, Spent Nugar Fuel: Accumulating Quantities at
Commercial Reactors Present Storage atlie©Challenges,
http://www.gao.gov/assets/600/593745.pdf

a! 1GG2NySe DSYSNItQa wnnc !'ylfeanrsa

1 A 2006 analysi®f the Massahusetts Attorney General, prepared and submitted to the NRC in
comSOUGA2Y GAGK tAfINRYQA | LILIX A Ol (i R@LY to 2632, SEGS
concluded that the offsite consequences in the event of water loss and a pool fire ceakl b
much as$488 Billion dollars, 24,000 cancers and contamination hundrensle$ downwind?

bw/ Q&8 /2yasljdSy 08 {-BaRkBarthyiBke AffectifydBeySfent F&BEPbEGES.
Mark | Boiling Water Reactor (October 2093)

1 b w/ fudy of spent fuel storage at Peach Bottom, a reactor in Pennsylvania likgin®i
showed that if even a small fraction of the inventory of a Peach Bottom reactor pool were
released to the environment in a severe spent fuel pool accident, an averag®@®400.M
square miles (Massachusetts = 6,692.824 square miles) wouldrigerssl uninhabitable for
decades, displacing as many as 4.1 million people (MA population=6,692,824).

[ The Massachusetts AttornégS y SNJ £ Q& w S ingz®d RetitighFoNleave tb Iterdeth respect to
Entergy Nu@ I NJ h LIS NI ( A cigrifor Refiéval Qfihe PilgdindfNaclear Power Plants Opegdticense

and Petition for Backfit Order Requiring New Design feattod’rotect Against Spent ELPool Accidents, Docket
No. 50293, Ma/ 26,2006 includes a Repattd The Massachusetts Attoey General On The Potential

Consequences Of A Spent Fuel Heid At The Pilgrim Or Vermont Yankee Nuclear Plant, Jan Beyeayiaii25,
2006 (NRC Electrontitearing Docket, Pilgrim 8283-LR, 2 6 pleadngs, MAAGO 05/26 (ML0640065) & Beyea
(ML06164029)

6 Consequence Study Of A Beyond Degigais Earthquakaffecting The Spent Fuel Pool For A U.S. Mark | Boiling
Water ReactofOctober 2013) at 232 (Tabi2) and 162 (table 33), Adams Acces$anML13256A342)

27


http://www.gao.gov/assets/600/593745.pdf

Dr. Frank von Hippel & Michael Schoeppner (Princeton UniversiiyiaRess of Nw / Qualy {

1 A more recent study by Frank von Hippel and Michael SchoeppnBrinceton University found
that amajor fire could contaminate as much as 100,000 square kilometers (38,610 square miles)
of land and force the evacuation of million§? It would dwaf the accident at Fukushima resulting
in trillion-dollar consequeces.

T ¢KS NBaSIHNOKSNAR y20SR GKIFIG bw/ Qad wHnmo addzRez N
terrorism or insider sabotage as it considered spim pool safety; neithedid it consder the
consequences of property contamination more than 50 mitesnfthe reactor site, even though a
broader release is clearly possible. Also, NRC used outmoded statistical estimates for the value of
human life; did not incorporate potentidburism lo®s after anaccident orconsider the potential
costs to the economif a major accident forced multiple reactors to be shut down.

9 The Princeton researchers did not use the computer model (MACCS2) that NRC used at Peach
Bottom but instead usedHY FUT, a piogram able to design more sophisticated scenarios based on
historical weather data for the whole region.

1 The researcherbcused on G437, a radioisotope with a 3@ear halflife that has made large tracts
around Chernobyl and Fukushima urdbitable. Trey assumed a release of 16p6tabecquerels,
which is the averagemaount of Csl37 that NRC estimates would be released from a fire at a
denselypacked pool.That amount isapproximately 100 times the amount of -C87 spewed at
FukushimaTheysimulated the release on the first day of each month.

f The geographical extentfdi KS ay A 3IKGYF NB & O poplifidIatPéachBofom lis & LISy
shown below. For Pilgrim, move it about 300 miles to the northpasd imagine what the picture
would ke if the wind happened to be from the southeast.

Nightmare scenarios

1 April 2015 { 1 July 2015 | 10ct, 2015
Maine
" o ;' mps
Massachuselts ek
Coqugelis 7
Penmylvame '._.'," e
g sngll.
Baterore
e

Kantucky Virgins Contamination levels of Cs-137
gitorich »= 0.1 MBg/mw
lennesses B >+ 05 MBg/
North Carohiesa - >= 1.0 MBg/m

[7 Frank N.von Hippel, Michael Schopper, (RS RdzOAy 3 (KS 51 yISNI TNR YiencA&NB & A Y
Global Security 24, no.3 (2016): 1#73http://scienceandglobalsecurity.org/archive/sgs24vonhippel.pdf.

wA OKF NR { (2 i an UsS{ daiScguild dieazS A Y LIF O 2S#enc€ Niely @& ROAGY (a&ikable

at: http://www.science mag.org/news/2016/05/spentfuel-fire-us-soil-could-dwarf-impact-fukushima
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Naoto Kan was the Prime Minister of Japan when the Fukushima accident occurred. He summarized the
danger of spent fuel storage ia PBS documerary early 2017 After being informed about the
consequences if #aspent fuel in Fukushima Unit 4 pool had caught fire,saidd ©2 6 S g2 dzZ R KI @
evacuate 50 million peple. It wouR Kl @S 6SSy tA1S t2aAy3 | YI22N g1l
w2dzf R F2ft2¢6 FyR ¢2dAZ R YSIYy (G4KS SyR 2F GKS {dGFdS

Spent Fuel Vulnerability

1 Electric Powelis Required to Operate Safety Systems Needed for Pa@dntary to what one
might expect,nuclear power plants do not generate the electricity their safeygtems Because
nuclear plants often shutdown, for a variety of reasotieese safetysystemsdepend on offsite
power (©r on onsitebackup systems if needed) for the eleitpower needed to cool, maintain or
makeup water in the spent fuel pooNeither offsite nor onsite kectric power is assuredas
discussed below. The spent fuel pool should, but does hatge its own backup power.

1 Pool Instrumentation Currently thee is no instumentation in the pools to measure both water
level and temperatug. The NRC Post Fukushima Order1E-A851, March 12, 2012) required pool
instumentation to measurenly water level, not temperature, and gave licensees until two refueling
cydes after sulmittal of the integrated plan or by December 31, 20d@&hichevercomes first to
implement the order. The spent fuel pool instrumentation order is accessible here:
http://www.nrc.gov/reactors/operating/opsexperience/japa-dashboard/spenfuel.html

 Securityt Af ANAYQA alLISyd FdzSt L2t Aa | @dzAZ ySENIr ot S
RA&A0dzaaSR Ay GKS F2tft2gAy3a aSOGA2y a{SOdNRARGE D

1 Boraflex Panels:To prevent criticality in pool from assemblies packed tosely together,
boraflex panels were added to separate the assemblies. 900 are degraded, (04/17).
! onydom®dmTt 0 SYIFAf G2 tAf{ANINE &QIOENESBy¥ bLd/ &

communicated to the NRC, entails two phasé&se first phae (which has already been completed

by Entergy and assessed by the NRC) was-aoreege fuel in the spent fuel pool to guarantee that,
based on the spatial separation of thissle materal, the subcriticality of the pool will remain

within regulatorylimits past September 2017The second phase of the plan will be to move fuel

into dry storage casks in order to ensure that subcriticality will remain within regulatory bmaes

the core fully is offloaded into the spent fuel pool in 201@askoading activities are scheduled to

take place next year, and the NRC will be performing associated inspections in accordance with NRC
Inspection Procedur60855¢

Further NRC saithat, 6At present, with no additional fuel added to the pool, the plant doeg no
require any additional fuel movement to address the boraflex panel degradation to maintain
subcriticality. However, the current configuration of the spent fuel pool, takimg account arrent

[BlThe MassachusetiattonS @ DSy SNI f Qa wSljdzSald T avélfo InterveSelWith rgsBectltoy Rt S G A
9y GSNHe& bdzOf S| NJ licatidh far Reheval &f theilgrid di@ckear Pdwikd Plants Operatingerise

and Petition for Backf Order Requiring New Degi features to Protect Against Spent Fuel Pool Accidents, ®@ock

No. 50293, May 26, 2006 includes a Report to The Massachusettsngit General On The Vulneility of

t Af ANAYQA {RiS8andRiskRizfiCingpt®rsAssociatedvith PoolStorage of Sent NuclearFuel

at the Pilgrimand VermontYankeeNuckar PowerPlants,Gordon Thompson, May 25, 2006;
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and projected boraflex panel degradation, would not allewthe offloading of all of the fuel that is
currently in the reactor core into the pool when the plant shuts down in 20A®. this reason, some
of the fuel currently in the pol will needto be moved to drycask storage before the fuel in the core
can le fully offloaded into the pool in 2018.

National Academy of Science§ [ Sda2ya [ SFNYSR FNRY (GKS Cdz] dza ¢

Improving Safety and Security of U.S. Numi@ants: P &S wXé Flal @ wHnawmc

The! O R SPha&s@ Zeport provides findings and recommendations for imying U.S. miclear plant
security and spent fuel storage as well aswaluaes conclusions from previous Acadgstudieson
spent fuel storage safety and security.

Highlights d the Report: Lessons Learned from the Fukushima Daiichi Accide@pent Fuel Storage

The U.S. nuclear industry and its regulator should give additional attention to improving the ability of
plant operators to measure rediilme conditionsin spent fud pools and maintain adequate cooling of
stored spent fuel duringevere accidents and terrorist attacks. These improvements should include
hardened and redundant physical surveillance systems (e.g., cameras), radiation monitors, pool
temperature monitors, pool waterlevel monitors, and means to deliver pool makeup watersprays

even when physical access to the pools is limited by facility damage or high radiation TEwel&l.S.
Nuclear Regulatory Commission should perform a spent fuehggaisk asessment to elucidate the

risks and potential benefits of expeditemansfer of spent fuel from pools to dry casks. This risk
assessment should address accident and sabotage risks for both pool and dry storage.

bw/ Qa wSaLJl2yaS PioStoiadeter FukysRIdaNB 2 T
After the Fukushima nuclear disaster, the NR@elgrleft it up reactor operators to provide their own

strategies to address what is known as a beydedignbasis that caused the loss of water in
Cdz] dzZAa KA YI Q& %0omdDffhose FtrdrSyles skdnAebsdhan robust.

1 Available athttp://www.nap.edu/catalog/21874lessondearnedfrom-the-fukushimanuclearaccidentfor-
improvingsafety-and-securityof-us-nuclea-plants
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