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A denseracked
U.S. spent fuel pool




Radioactive releases from spent fuel pool fires
potentially much larger than from reactor accidents.

Land contamination by 3@ear halflife Reactor Building #4, 1 May 2011
Cesium137 dominates lonterm ¥ Spent Fue
Pool Deck

population radiation dose and canc
risk and can force lonterm or
permanent evacuation of large are

700PBg* of Cs-137 in melted cores ¢
Fukushima 1-3 but their
containment structures released or
1 to 3 percent to atmosphere.

Spent fuel pool #4 contained 908Bq
but, after hydrogen explosion, it wa ¢
open to the atmosphere and, ina s .
fuel fire, ~90% would have been
released to the atmosphere. o

*1 BecquerelBq) = 1 disintegration per second' :

1 MBqg = million disintegrations per second vy - S

1 PBg= 1000trillion disintegrations per second = .



Fukushima Spent Fuel Pool #4 saved frordryout because of
leakageinto the pool from the adjacent reactor pit
(pe\aks are due fosufficientad di t 1 ons of water Dby
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Source of water that kept the spent fuel in pool #4 covere

Top view

Water leaked through
Pool gate

SeparateDryer Pit ~ Reactor Well -

Seal maintained by water pressure acting on the gate from the SFP side

(TEPCO, 2012 Report, Attachmenb9Figure 3)



Collapsed Water Level [m]
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Days after loss of cooling

If no water added, would
have had fire in 30 days. If
pool leaked, much sooner.

Water level with dryout.

Top of the fuel

Cesium release fraction

(~88 % after 5 days)

(Fukushima Daiichi Accident Study

| ‘35‘ a ‘4OStatus as of April 201%5andia, 2012)




Fukushima population evacuated if
O MBg/m?2Cs-137 contamination

Hypothetical fire in spent fuel pool #4

HYSPLIT calculations, historical weather
Wind off shore(4/9/2011) Wind onto land (3/19/2011)
Evacuated: 1,600,000 Evacuated: 35,000,000

Actual Fukushima
accident(3/15/2011)
Evacuated: 88,000

from 1,100 km

from 4,300 km

from 31,000 kA
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In East Asia, a spent fuel pool fire in one country could
have impacts in another. Example: Kori 3 in the ROK
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U.S. Nuclear Regulatory Commission (NRC) and Spent Fuel Fire

U.S. spent fuel pools originally designed to hold fuel for a few years until it could
shipped to a reprocessing plant.

In 1982, U.S. policy changed to direct disposal.

Utilities decided to go from lovwdensity open racking to higihensity racking.

Neutronabsorbing partitions added around each assembly to prevent chain react

National lab experts suggested staying with-tbemsity racking in case of loss of
coolant bulNRC decided probability too low to be of concern

Low density, T

air-cooling
possible

S*e%e.  High density,
air-cooling not
possiblel
especially if
partial
drainage and
bottomof
racks covered

with water.
_

40 m




2003 Proposal to transfer to drycask storage after 5 years

Proposal: Transfer of spent fuel to dry casks after 5 years pool cool
and return to opemck storage.*

Congress requested a National Academy of Sciences (NAS) review
report recommended consideration within the context of terrorism
vulnerability assessments (2006).** NRC did nothing.

After Fukushima, U.S. Nuclear Regulatory Commission (NRC) aske
staff to study the proposal further.

Staff decided to do a cebtnefit analysis.

* Robert Alvarez, JaBeyea KlausJanbergJungmin Kang, Ed Lyman, Allison Macfarlane, Gordon
Thompson &rank von Hippel, fiReduci ng t he Haz arReactorfFuebimtheS t
Uni t ed S8dneet& &whaldSecurityol. 11 (2003) pp. B1.

** Safety and Security of Commercial Spent Nuclear Fuel St¢Nag@nal Academy Press, 2006). There
also was a classified report in 2004.



When a densepacked spent fuel pool is full in the U.S., spent fue
cooled 2030 years is moved to drycask air-cooled storage
(Connecticut Yankee Nuclear Power Plant, historical)




Hydrogen explosion less probable if spent fuel
transferred to dry cask storage after 5 years

|

Hydrogen is produced@hen the
zirconium cladding of the spent
fuel is uncovered and becomes P ;;‘5;?‘
hot in the presence of water g 1
vapor. ’

H,O (vapor) +Zr A H, + ZrO.
NRC staff found less hydrogen »

and explosion much less likely -
with low-density pool storage. =

If building stays intact, much less ~=
Cs137 released to atmosphere,
from an accident. %




NRC costbenefit analysis

NRC staff estimated average releas@@@0PBqfrom fire in a high-
density pool with a hydrogen explosion and R&q from a low
density pool without a hydrogen explosion: 80 times less!

\Cost of extra casks to go to leskensity racking ~ $50 million per pooll

Estimated average economic costs for a hdénsity pool fire in the
United States ~ $700 billion and probability of accident at 1/10,00(
per pool during remaining licensed life).

Possibility of terrorism ignored.

($700 billion)/10,000 ~ $70 millioprobability-weighted benefit/pool\.
Underestimate because NRC assumed:

1. Decontamination would take less than a year

2. Population relocation dose threshold 3x higher than Fukushima,
Chernobyl and U.S. Environmental Protection Agency guidaace

Corrected benefits would be significantly greater than costs.




But NRC introduced assumptions to reduce the benefits

=

Accident conseqguences beyond 80 km excluded

2. 1995 estimate of value of a life lost to cancer used instead of
updated value 2.5 times larger.

3. Assumed other nuclear power plants not shut @gown

Concluded:

1. Benefits ~ 10% of costs and

2. RIisks not significant.

3. Therefore no need to go to lexensity pools.



Evacuation areas for release of 160BBq Cs-137 from spent fuel
fire In a densepacked pool at the U.S. Peach Bottom NPP
(hi stori cal weat h e-kilometsermaails|cutoff)



