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General Comment

I submit this comment to urge that NRC consider the findings and conclusions contained in a
comprehensive report on the risks of fires in high-level radioactive waste storage pools causing
catastrophic radioactivity releases.

The report is entitled "Reducing the Hazards from Stored Spent Power-Reactor Fuel in the United
States," and was published in
Science and Global Security, 11: 1-51, 2003.

The authors include Robert Alvarez [now with Institute for Policy Studies], Jan Beyea, Klaus
Janberg, Jungmin Kang, Ed Lyman [now with Union of Concerned Scientists], Allison
Macfarlane [now the Chairwoman of the U.S. Nuclear Regulatory Commission], Gordon
Thompson [now serving as the expert witness in this EIS proceeding on behalf of a coalition of
dozens one environmental groups], and Frank N. von Hippel.

This study, attached, reports:

"The long-term land-contamination consequences of such an event could be significantly worse
than those from Chernobyl."

"A 1979 study done for the NRC by the Sandia National Laboratory showed that, in case of a
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sudden loss of all the water in a pool, dense-packed spent fuel, even a year after discharge, would
likely heat up to the point where its zircaloy cladding would burst and then catch fire. This would
result in the airborne release of massive quantities of fission products."

"...the property losses from the deposition downwind of the cesium- 137 released by a spent-fuel-
pool fire would likely be hundreds of billions of dollars."

"A 1997 study done for the NRC estimated the median consequences of a spent-fuel fire at a
pressurized water reactor (PWR) that released 8-80 MCi of [Cs- 137]. The consequences included:
54,000-143,000 extra cancer deaths, 2000-7000 km2 of agricultural land condemned, and
economic costs due to evacuation of $117-566 billion. This is consistent with our own
calculations using the MACCS2 code. It is obvious that all practical measures must be taken to
prevent the occurrence of such an event."

Attachments
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Reducing the Hazards from
Stored Spent Power-Reactor
Fuel in the United States

Robert Alvarez, Jan Beyea, Klaus Janberg, Jungmin Kang,
Ed Lyman, Allison Macfarlane, Gordon Thompson,
Frank N. von Hippel
Because of the unavailability of off-site storage for spent power-reactor fuel, the NRC
has allowed high-density storage of spent fuel in pools originally designed to hold much
smaller inventories. As a result, virtually all U.S. spent-fuel pools have been re-racked
to hold spent-fuel assemblies at densities that approach those in reactor cores. In order
to prevent the spent fuel from going critical, the fuel assemblies are partitioned off from
each other in metal boxes whose walls contain neutron-absorbing boron. It has been
known for more than two decades that, in case of a loss of water in the pool, convective
air cooling would be relatively ineffective in such a "dense-packed" pool. Spent fuel
recently discharged from a reactor could heat up relatively rapidly to temperatures at
which the zircaloy fuel cladding could catch fire and the fuel's volatile fission products,
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including 30-year half-life 137 Cs, would be released. The fire could well spread to older
spent fuel. The long-term land-contamination consequences of such an event could be
significantly worse than those from Chernobyl.

No such event has occurred thus far. However, the consequences would affect such
a large area that alternatives to dense-pack storage must be examined-especially in
the context of concerns that terrorists might find nuclear facilities attractive targets.
To reduce both the consequences and probability of a spent-fuel-pool fire, it is proposed
that all spent fuel be transferred from wet to dry storage within five years of discharge.
The cost of on-site dry-cask storage for an additional 35,000 tons of older spent fuel is
estimated at $3.5-7 billion dollars or 0.03-0.06 cents per kilowatt-hour generated from
that fuel. Later cost savings could offset some of this cost when the fuel is shipped off
site. The transfer to dry storage could be accomplished within a decade. The removal
of the older fuel would reduce the average inventory of 13"Cs in the pools by about a
factor of four, bringing it down to about twice that in a reactor core. It would also make
possible a return to open-rack storage for the remaining more recently discharged fuel.
If accompanied by the installation of large emergency doors or blowers to provide large-
scale airflow through the buildings housing the pools, natural convection air cooling
of this spent fuel should be possible if airflow has not been blocked by collapse of the
building or other cause. Other possible risk-reduction measures are also discussed.

Our purpose in writing this article is to make this problem accessible to a broader
audience than has been considering it, with the goal of encouraging further public dis-
cussion and analysis. More detailed technical discussions of scenarios that could result
in loss-of-coolant from spent-fuel pools and of the likelihood of spent-fuel fires resulting
are available in published reports prepared for the NRC over the past two decades. Al-
though it may be necessary to keep some specific vulnerabilities confidential, we believe
that a generic discussion of the type presented here can and must be made available so
that interested experts and the concerned public can hold the NRC, nuclear-power-plant
operators, and independent policy analysts such as ourselves accountable.

INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) has estimated the probability

of a loss of coolant from a spent-fuel storage pool to be so small (about 10-6

per pool-year) that design requirements to mitigate the consequences have not

been required.' As a result, the NRC continues to permit pools to move from

open-rack configurations, for which natural-convection air cooling would have

been effective, to "dense-pack" configurations that eventually fill pools almost
wall to wall. A 1979 study done for the NRC by the Sandia National Laboratory

showed that, in case of a sudden loss of all the water in a pool, dense-packed

spent fuel, even a year after discharge, would likely heat up to the point where

its zircaloy cladding would burst and then catch fire.2 This would result in the

airborne release of massive quantities of fission products.

No such event has occurred thus far. However, the consequences would be

so severe that alternatives to dense-pack storage must be examined-especially
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in the context of heightened concerns that terrorists could find nuclear facilities
attractive targets.

The NRC's standard approach to estimating the probabilities of nuclear
accidents has been to rely on fault-tree analysis. This involves quantitative
estimates of the probability of release scenarios due to sequences of equipment
failure, human error, and acts of nature. However, as the NRC staff stated in
a June 2001 briefing on risks from stored spent nuclear fuel:3 "No established
method exists for quantitatively estimating the likelihood of a sabotage event
at a nuclear facility."

Recently, the NRC has denied petitions by citizen groups seeking enhanced
protections from terrorist acts against reactor spent-fuel pools.4 In its decision,
the NRC has asserted that "the possibility of a terrorist attack ... is speculative
and simply too far removed from the natural or expected consequences of agency
action ... 5

In support of its decision, the NRC stated: "Congress has recognized the
need for and encouraged high-density spent fuel storage at reactor sites,"6 ref-
erencing the 1982 Nuclear Waste Policy Act (NWPA). In fact, although the
NWPA cites the need for "the effective use of existing storage facilities, and
necessary additional storage, at the site of each civilian nuclear power reactor
consistent with public health and safety," it does not explicitly endorse dense-
pack storage.

7

If probabilistic analysis is of little help for evaluating the risks of terrorism,
the NRC and the U.S. Congress will have to make a judgment of the probability
estimates that will be used in cost-benefit analyses. Here, we propose physical
changes to spent-fuel storage arrangements that would correct the most obvious
vulnerabilities of pools to loss of coolant and fire. The most costly of these pro-
posals, shifting fuel to dry cask storage about 5 years after discharge from a re-
actor, would cost $3.5-7 billion for dry storage of the approximately 35,000 tons
of older spent fuel that would otherwise be stored in U.S. pools in 2010. This
corresponds to about 0.03-0.06 cents per kilowatt-hour of electricity generated
from the fuel. Some of this cost could be recovered later if it reduced costs for
the shipment of the spent fuel off-site to a long-term or permanent storage
site.

For comparison, the property losses from the deposition downwind of the
cesium-137 released by a spent-fuel-pool fire would likely be hundreds of billions
of dollars. The removal of the older spent fuel to dry storage would therefore be
justified by a traditional cost-benefit analysis if the likelihood of a spent-fuel-
pool fire in the U.S. during the next 30 years were judged to be greater than
about a percent. Other actions recommended below could be justified by much
lower probabilities.
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It appears unlikely that the NRC will decide its own to require such ac-
tions. According to its Inspector General, the "NRC appears to have informally
established an unreasonably high burden of requiring absolute proof of a safety
problem, versus lack of a reasonable assurance of maintaining public health and
safety ... "8

This situation calls for more explicit guidance from Congress. Indeed,
27 state Attorneys General have recently signed a letter to Congressional lead-
ers asking for legislation to "protect our states and communities from terrorist
attacks against civilian nuclear power plants and other sensitive nuclear facil-
ities," specifically mentioning spent-fuel pools.9

Congress could do this by updating the Nuclear Waste Policy Act to require
"defense in depth" for pool storage; and the minimization of pool inventories of
spent fuel. The second requirement would involve the transfer, over a transition
period of not more than a decade, of all spent fuel more than five years post
discharge to dry, hardened storage modes.

To establish the basis for an informed, democratic decision on risk-reduction
measures, it would be desirable to have the relevant analysis available to a full
range of concerned parties, including state and local governments and con-
cerned citizens. Despite the need to keep sensitive details confidential, we be-
lieve that we have demonstrated in this article that analysts can describe and
debate a range of measures in an open process. The same can be done in the reg-
ulatory area. Evidentiary hearings held under NRC rules already have specific
provisions to exclude security details-along with proprietary and confidential
personnel information-from the public record.

In outline, we describe:

4 The huge inventories of the long-lived, volatile fission product cesium-137
('37 Cs) that are accumulating in U.S. spent fuel pools and the consequences
if the inventory of one of these pools were released to the atmosphere as a
result of a spent-fuel fire;

* The various types of events that have been discussed in the public record
that could cause a loss of coolant and the high radiation levels that would
result in the building above the pool as a result of the loss of the radiation
shielding provided by the water;

* The limitations of the various cooling mechanisms for dry spent fuel: con-
duction, infra-red radiation, steam cooling and convective air cooling;

* Possible measures to reduce the vulnerability of pools to a loss of coolant
event and to provide emergency cooling if such an event should occur; and
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The feasibility of moving spent fuel from pools into dry-cask storage within
5 years after discharge from the reactor. This would allow open-rack storage
of the more-recently discharged fuel, which would make convective air-
cooling more effective in case of a loss of water, and would reduce the
average inventory of 1

3 7
Cs in U.S. spent-fuel pools by about a factor of

four.

There are 103 commercial nuclear reactors operating in the U.S. at 65 sites
in 31 states (Figure 1).11 Of these, 69 are pressurized-water reactors (PWRs)
and 34 are boiling-water reactors (BWRs). In addition there are 14 previously-
operating light-water-cooled power reactors in various stages of decommission-
ing. Some of these reactors share spent-fuel pools, so that there is a total of 65
PWR and 34 BWR pools.'2 Figure 2 shows diagrams of "generic" pressurized-
water reactor (PWR) and boiling-water-reactor (BWR) spent-fuel pools.'3 For
simplicity, when we do illustrative calculations in this article, we use PWR fuel
and pool designs. However, the results of detailed studies done for the NRC
show that our qualitative conclusions are applicable to BWRs as well.14
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Figure 1 : Locations of nuclear power plants in the United States. Circles represent sites with
one reactor, squares represent plants with two; and stars represent plants with three. Open
symbols represent sites with at least one shutdown reactor. Only the plant in Zion, Illinois has
more than one shutdown reactor. It has two (Source: authorslO),
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Figure 2a: Layout of spent fuel pool and transfer system for pressurized water reactors
(Source: NUREG-1275, 1997).

To FMR

Figure 2b: Layout of spent fuel pool and transfer system for boiling water reactors (Source:
NUREG-1275, 1997).
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THE HAZARD FROM CESIUM-137 RELEASES

Although a number of isotopes are of concern, we focus here on the fission
product 1

37
Cs. It has a 30-year half-life, is relatively volatile and, along with

its short-lived decay product, barium-137 (2.55 minute half-life), accounts for
about half of the fission-product activity in 10-year-old spent fuel. 15 It is a
potent land contaminant because 95% of its decays are to an excited state of
137Ba, which de-excites by emitting a penetrating (0.66-MeV) gamma ray.16

The damage that can be done by a large release of fission products was
demonstrated by the April 1986 Chernobyl accident. More than 100,000 resi-
dents from 187 settlements were permanently evacuated because of contami-
nation by 137 Cs. Strict radiation-dose control measures were imposed in areas
contaminated to levels greater than 15 Ci/km 2 (555 kBq/m2 ) of 137Cs. The to-
tal area of this radiation-control zone is huge: 10,000 kmi2, equal to half the
area of the State of New Jersey. During the following decade, the population
of this area declined by almost half because of migration to areas of lower
contamination. 17

Inventories of Cs-137 in Spent-Fuel Storage Pools

The spent-fuel pools adjacent to most power reactors contain much larger inven-
tories of 137 Cs than the 2 MegaCuries (MCi) that were released from the core
of Chernobyl 1000-Megawatt electric (MWe) unit #418 or the approximately
5 MCi in the core of a 1000-MWe light-water reactor. A typical 1000-MWe pres-
surized water reactor (PWIR) core contains about 80 metric tons of uranium in
its fuel, while a typical U.S. spent fuel pool today contains about 400 tons of
spent fuel (see Figure 3). (In this article, wherever tons are referred to, metric
tons are meant.) Furthermore, since the concentration of 137 Cs builds up almost
linearly with burnup, there is on average about twice as much in a ton of spent
fuel as in a ton of fuel in the reactor core.

For an average cumulative fission energy release of 40 Megawatt-days ther-
mal per kg of uranium originally in the fuel (MWt-days/kgU) and an average
subsequent decay time of 15 years, 400 tons of spent power-reactor fuel would
contain 35 megaCuries (MCi) of 13 7Cs.19 If 10-100% of the 137 Cs in a spent-fuel
pool,2" i.e., 3.5-35 MCi, were released by a spent-fuel fire to the atmosphere in
a plume distributed vertically uniformly through the atmosphere's lower "mix-
ing layer" and dispersed downwind in a "wedge model" approximation under
median conditions (mixing layer thickness of 1 km, wedge opening angle of 6
degrees, wind speed of 5 m/sec, and deposition velocity of 1 cm/sec) then 37,000-
150,000 km2 would be contaminated above 15 Ci/km2 , 6,000-50,000 km 2 would

7
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Figure 3: Estimated 2003 spent fuel inventory at each U.S. spent-fuel pool, measured in metric tons of contained uranium. Height of
bar indicates total licensed capacity (1998, with some updates). Shading indicates estimated tonnage of spent fuel in pool as of
2003. Dark shading indicates the estimated amount of fuel discharged from the reactors within the past 5 years. Canister indicates
the presence of on-site dry storage. Pool Indicates that reactor shares a pool with the reactor to the left (Source: authors25 ).
(Continued)
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Table 1: Typical plume areas (km2 ).

Release > 100 Cl/km 2  > 1000 Cl/km 2

Chernobyl (2 MCi, hot, multi-directional) ?700
3.5 MCi (MACCS2) 3,500 200
3.5 MCi (wedge model) 6,000 180
35 MCi (MACCS2) 45,000 2,500
35 MCi (wedge model) 50,000 6,000

be contaminated to greater than 100 Ci/km2 and 180-6000 km2 to a level of
greater than 1000 Ci/kM2 .2 1 Table 1 and Figure 4 show typical contaminated
areas, calculated using the MACCS2 Gaussian plume dispersion code used by
the NRC2 2 for fires with 40 MWt thermal power.2 3 This corresponds to fire
durations of half an hour and 5 hours, respectively for fires that burn 10 or 100
percent of 400 tons of spent fuel.2 4 Similar results were obtained for slower-
burning fires with powers of 5 MWt.

It will be seen in Table 1 that, for the 3.5 MCi release, the area calculated
as contaminated above 100 Ci/km 2 are 5-9 times larger than the area con-
taminated to this level by the 2 MCi release from the Chernobyl accident. The
reasons are that, at Chernobyl: 1) much of the Cs-137 was lifted to heights of
up to 2.5 km by the initial explosion and the subsequent hot fire and therefore
carried far downwind;26 and 2) the release extended over 10 days during which
the wind blew in virtually all directions. As a result, more than 90 percent of the
137 Cs from Chernobyl was dispersed into areas that were contaminated to less
than 40 Ci/km 2 .2 7 In contrast, in the wedge-model calculations for the 3.5 MCi
release, about 50 percent of the 137 Cs is deposited in areas contaminated to
greater than this level.

The projected whole-body dose from external radiation from 13 7 Cs to some-
one living for 10 years in an area contaminated to 100 or 1000 Ci/km 2 would
be 10-20 or 100-200 rem, with an associated additional risk of cancer death of
about 1 or 10 percent respectively.28 A 1 or 10 percent added risk would increase
an average person's lifetime cancer death risk from about 20 percent to 21 or
30 percent.

A 1997 study done for the NRC estimated the median consequences of a
spent-fuel fire at a pressurized water reactor (PWR) that released 8-80 MCi of
137 Cs. The consequences included: 54,000-143,000 extra cancer deaths, 2000-
7000 km2 of agricultural land condemned, and economic costs due to evacuation
of $117-566 billion.29 This is consistent with our own calculations using the
MACCS2 code. It is obvious that all practical measures must be taken to prevent
the occurrence of such an event.
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Figure 4: Typical areas contaminated above 100 (shaded) and 1000 (black) Ci/km 2 for
release of (a) 3.5 MCI and (b) 35 MCi of 137 Cs. The added chance of cancer death for a
person living within the shaded area for 10 years is estimated very roughly as between 1
and 10 percent, For someone living within the black area, the added risk would be greater
than 10 percent (i.e. the "normal" 20% lifetime cancer death risk would be increased to
over 30 percent.) (Source: authors).

SCENARIOS FOR A LOSS OF SPENT-FUEL-POOL WATER

The cooling water in a spent-fuel pool could be lost in a number of ways, through
accidents or malicious acts. Detailed discussions of sensitive information are not
necessary for our purposes. Below, we provide some perspective for the following
generic cases: boil-off; drainage into other volumes through the opening of some
combination of the valves, gates and pipes that hold the water in the pool; a fire
resulting from the crash of a large aircraft; and puncture by an aircraft turbine
shaft or a shaped charge.
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Figure 5: Decay heat as a function of time from 0.01 years (about 4 days) to 100 years for
spent-fuel burnups of 33, 43, 53 and 63 MWd/kgU. The lowest burnup was typical for the
1970s. Current burnups are around 50 MWd/kgU (Source: authors3 8 ).

Boil Off
Keeping spent fuel cool is less demanding than keeping the core in an operating
reactor cool. Five minutes after shutdown, nuclear fuel is still releasing 800 kilo-
watts of radioactive heat per metric ton of uranium (kWt/tU)3°. However, after
several days, the decay heat is down to 100 kWt/tU and after 5 years the level
is down to 2-3 kWt/tU (see Figure 5).

In case of a loss of cooling, the time it would take for a spent-fuel pool
to boil down to near the top of the spent fuel would be more than 10 days if
the most recent spent-fuel discharge had been a year before. If the entire core
of a reactor had been unloaded into the spent fuel pool only a few days after
shutdown, the time could be as short as a day.3' Early transfer of spent fuel into
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storage pools has become common as reactor operators have reduced shutdown
periods. Operators often transfer the entire core to the pool in order to expedite
refueling or to facilitate inspection of the internals of the reactor pressure vessel
and identification and replacement of fuel rods leaking fission products. 32

Even a day would allow considerable time to provide emergency cooling if
operators were not prevented from doing so by a major accident or terrorist act
such as an attack on the associated reactor that released a large quantity of
radioactivity. In this article, we do not discuss scenarios in which spent-fuel fires
compound the consequences of radioactive releases from reactors. We therefore
focus on the possibility of an accident or terrorist act that could rapidly drain
a pool to a level below the top of the fuel.

Drainage

All spent-fuel pools are connected via fuel-transfer canals or tubes to the cavity
holding the reactor pressure vessel. All can be partially drained through failure
of interconnected piping systems, moveable gates, or seals designed to close
the space between the pressure vessel and its surrounding reactor cavity.3 3

A 1997 NRC report described two incidents of accidental partial drainage as
follows:

34

Two loss of SFP [spent fuel pool] coolant inventory events occurred in
which SFP level decrease exceeded 5 feet [1.5 ml. These events were ter-
minated by operator action when approximately 20 feet [6 ml of coolant re-
mained above the stored fuel. Without operator actions, the inventory loss could
have continued until the SFP level had dropped to near the top of the stored
fuel resulting in radiation fields that would have prevented access to the SFP
area.

Once the pool water level is below the top of the fuel, the gamma radia-
tion level would climb to 10,000 rems/hr at the edge of the pool and 100's of
rems/hr in regions of the spent-fuel building out of direct sight of the fuel be-
cause of scattering of the gamma rays by air and the building structure (see
Figure 6).35 At the lower radiation level, lethal doses would be incurred within
about an hour.36 Given such dose rates, the NRC staff assumed that further
ad hoc interventions would not be possible. 37

Fire

A crash into the spent fuel pool by a large aircraft raises concerns of both
puncture (see below) and fire. With regard to fire, researchers at the Sandia
National Laboratory, using water to simulate kerosene, crashed loaded airplane
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Figure 6: Calculated radiation levels from a drained spent-fuel pool one meter above the
level of the floor of a simplified cylindrically-symmetric spent-fuel-pool building. Even out of
direct sight of the spent fuel, the radiation dose rates from gamma rays scattered by the
air, roof and walls are over a hundred reins/hr.

wings into runways. They concluded that at speeds above 60 m/s (135 mph),
approximately

50% of the liquid is so finely atomized that it evaporates before reaching the
ground. If this were fuel, a fireball would certainly have been the result, and in
the high-temperature environment of the fireball a substantially larger fraction
of the mass would have evaporated. 39

The blast that would result from such a fuel-air explosion might not destroy the
pool but could easily collapse the building above, making access difficult and
dropping debris into the pool. A potentially destructive fuel-air deflagration
could also occur in spaces below some pools. Any remaining kerosene would be
expected to pool and burn at a rate of about 0.6 cm/minute if there is a good air
supply.4 °

The burning of 30 cubic meters of kerosene-about one third as much as
can be carried by the type of aircraft which struck the World Trade Center
on September 11, 200141-would release about 1012 joules of heat--enough
to evaporate 500 tons of water. However, under most circumstances, only a
relatively small fraction of the heat would go into the pool.
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Puncture by an Airplane Engine Thrbine Shaft, Dropped Cask
or Shaped Charge

As Figure 2 suggests, many spent-fuel pools are located above ground level or
above empty cavities. Such pools could drain completely if their bottoms were
punctured or partially if their sides were punctured.

Concerns that the turbine shaft of a crashing high-speed fighter jet or an
act of war might penetrate the wall of a spent-fuel storage pool and cause
a loss of coolant led Germany in the 1970s to require that such pools be sited
with their associated reactors inside thick-walled containment buildings. When
Germany decided to establish large away-from-reactor spent-fuel storage
facilities, it rejected large spent-fuel storage pools and decided instead on dry
storage in thick-walled cast-iron casks cooled on the outside by convectively
circulating air. The casks are stored inside reinforced-concrete buildings that
provide some protection from missiles. 42

Today, the turbine shafts of larger, slower-moving passenger and freight
aircraft are also of concern. After the September 11, 2001 attacks against the
World Trade Center, the Swiss nuclear regulatory authority stated that

From the construction engineering aspect, nuclear power plants (worldwide)
are not protected against the effects of warlike acts or terrorist attacks from the
air.... one cannot rule out the possibility that fuel elements in the fuel pool or the
primary cooling system would be damaged and this would result in a release of
radioactive substances [emphasis in original]43

The NRC staff has decided that it is prudent to assume that a turbine shaft.
of a large aircraft engine could penetrate and drain a spent-fuel-storage pool. 44

Based on calculations using phenomenological formulae derived from experi-
ments with projectiles incident on reinforced concrete, penetration cannot be
ruled out for a high-speed crash but seems unlikely for a low-speed crash.45

This is consistent with the results of a highly-constrained analysis re-
cently publicized by the Nuclear Energy Institute (NEI).46 The analysis itself
has not been made available for independent peer review "because of security
considerations." According to the NEI press release, however, it concluded that
the engine of an aircraft traveling at the low speed of the aircraft that struck the
Pentagon on Sept. 11, 2001 (approximately 350 miles/hr or 156 m/s) would not
penetrate the wall of a spent-fuel-storage pool. Crashes at higher speed such
as that against the World Trade Center South Tower (590 miles/hr or 260 m/s),
which had about three times greater kinetic energy, were ruled out because the
"probability of the aircraft striking a specific point on a structure-particularly

one of the small size of a nuclear plant-is significantly less as speed increases."

15
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The NEI press release included an illustration showing a huge World Trade
Center tower (63 meters wide and 400 meters tall) in the foreground and a tiny
spent-fuel pool (24 meters wide and 12 meters high) in the distance. Appar-
ently no analysis was undertaken as to the possibility of a crash destroying the
supports under or overturning a spent-fuel pool. A less constrained analysis
should be carried out under U.S. Government auspices.

A terrorist attack with a shaped-charge anti-tank missile could also punc-
ture a pool-as could a dropped spent-fuel cask.47

COOLING PROCESSES IN A PARTIALLY OR FULLY-DRAINED
SPENT-FUEL POOL

"Dense packing"
U.S. storage pools-like those in Europe and Japan-were originally sized

on the assumption that the spent fuel would be stored on site for only a few
years until it was cool enough to transport to a reprocessing plant where the fuel
would be dissolved and plutonium and uranium recovered for recycle. In 1974,
however, India tested a nuclear explosive made with plutonium recovered for
"peaceful" purposes. The Carter Administration responded in 1977 by halting
the licensing of an almost completed U.S. reprocessing plant. The rationale was
that U.S. reprocessing might legitimize the acquisition of separated plutonium
by additional countries interested in developing a nuclear-weapons option. In
the 1982 Nuclear Waste Policy Act, therefore, the U.S. Government commit-
ted to provide an alternative destination for the spent fuel accumulating in
reactor pools by building a deep-underground repository. According to the Act,
acceptance of spent fuel at such a repository was supposed to begin by 1998. As
of this writing, the US Department of Energy (DoE) projects that it can open
the Yucca Mountain repository in 201048 but the US General Accounting Office
has identified several factors, including budget limitations, that could delay the
opening to 2015 or later.49

U.S. nuclear-power plant operators have dealt with the lack of an off-
site destination for their accumulating spent fuel by packing as many fuel
assemblies as possible into their storage pools and then, when the pools are
full, acquiring dry storage casks for the excess. The original design density of
spent fuel in the pools associated with PWRs had the fuel assemblies spaced out
in a loose square array. The standard spacing for new dense-pack racks today is
23 cm-barely above the 21.4 cm spacing in reactor cores. 5° This "dense-packed"
fuel is kept sub-critical by enclosing each fuel assembly in a metal box whose
walls contain neutron-absorbing boron 5 ' (see Figure 752).
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Figure 7: Open and dense-pack PWR spent-fuel racks (Sources: Left: NUREG/CR-0649,
SAND77-1371, 1979; right: authors).

These boron-containing partitions would block the horizontal circulation of
cooling air if the pool water were lost, greatly reducing the benefits of mixing
recently-discharged with older, cooler fuel. During a partial uncovering of the
fuel, the openings at the bottoms of the spent-fuel racks would be covered in
water, completely blocking air from circulating up through the fuel assemblies.
The portions above the water would be cooled primarily by steam produced by
the decay heat in the below-surface portions of the fuel rods in the assemblies
and by blackbody radiation.53

In the absence of any cooling, a freshly-discharged core generating decay
heat at a rate of 100 kWt/tU would heat up adiabatically within an hour to
about 6000 C, where the zircaloy cladding would be expected to rupture under
the internal pressure from helium and fission product gases,54 and then to
about 9000C where the cladding would begin to burn in air.55 It will be seen
that the cooling mechanisms in a drained dense-packed spent-fuel pool would
be so feeble that they would only slightly reduce the heatup rate of such hot fuel.

In 2001, the NRC staff summarized the conclusions of its most recent anal-
ysis of the potential consequences of a loss-of-coolant accident in a spent fuel
pool as follows:

[Ilt was not feasible, without numerous constraints, to establish a generic
decay heat level (and therefore a decay time) beyond which a zirconium fire is
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physically impossible. Heat removal is very sensitive to... factors such as fuel
assembly geometry and SFP [spent fuel pool] rack configuration... [which] are
plant specific and ... subject to unpredictable changes after an earthquake or cask
drop that drains the pool. Therefore, since a non-negligible decay heat source lasts
many years and since configurations ensuring sufficient air flow for cooling cannot
be assured, the possibility of reaching the zirconium ignition temperature cannot
be precluded on a generic basis.56

We have done a series of "back-of-the-envelope" calculations to try to un-
derstand the computer-model calculations on which this conclusion is based.
We have considered thermal conduction, infrared radiation, steam cooling, and
convective air cooling.

Thermal Conduction

Conduction through the length of uncovered fuel could not keep it below failure
temperature until the fuel had cooled for decades.57

Infrared Radiation

Infrared radiation would bring the exposed tops of the fuel assemblies into ther-
mal equilibrium at a temperature of To = [PM/(Aa)] 1/4 OK, where P is the power
(Watts) of decay heat generated per metric ton of uranium, M is the weight of
the uranium in the fuel assembly (0.47 tons), A = 500 cm 2 is the cross-sectional
area of the dense-pack box containing the fuel assembly, and a (= 5.67 x 10-12

TK Watts/cm 2) is the Stefan-Boltzman constant. (We assume that the top of the
fuel assembly radiates as a black body, i.e., maximally.) For P = 1 kW or 10 kW,
To is respectively 370 or 860°C.

With radiative cooling only, however, the temperatures in the depths of the
fuel assemblies would be much hotter, because most of the radiation from the
interior of the fuel would be reabsorbed and reradiated by other fuel rods many
times before it reached the top end of the fuel assembly. Even for P = 1 kW/tU
(roughly 30-year-old fuel) the temperature at the bottom of the fuel assembly
would be about 20000C.5s Therefore, while radiation would be effective in cool-
ing the exposed surfaces of older fuel assemblies, it would not be effective in
cooling their interiors.

Steam Cooling

Steam cooling could be effective as long as the water level covers more than
about the bottom quarter of the spent fuel. Below that level, the rate of steam
generation by the fuel will depend increasingly on the rate of heat transfer
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from the spent fuel to the water via blackbody radiation. The rate at which
heat is transferred directly to the water will decline as the water level sinks
and the temperature of the fuel above will climb. When the water is at the
bottom of the fuel assembly, it appears doubtful that this mechanism could
keep the peak temperature below 12000C for fuel less than a hundred years
post discharge. 59 Since even steels designed for high-temperature strength lose
virtually all their strength by 1000'C and zircaloy loses its strength by 12000C,
the tops of the racks could be expected to begin to slump by the time this water
level is reached. 60

Convective Air Cooling

After a complete loss of coolant, when air could gain access to the bottom of the
fuel assemblies, convective air cooling would depend upon the velocity of the air
through the fuel assemblies. The heat capacity of air is about 1000 joules/kg-0 C,
its sea-level density at a 1000 C (3730 K) entrance temperature into the bottom
of a fuel assembly is about 0.9 kg/m3 , the cross-section of the portion of a dense-
pack box that is not obstructed by fuel rods would be about 0.032 mi2 ,6 1 and each
fuel assembly contains about 0.47 tons of uranium. The vertical flow velocity of
air at the bottom of the assembly for an air temperature rise to 9000 C (1173 0 K)
then would be 0.023 m/sec per kW/tU. Because the density of the air varies
inversely with its absolute temperature, this velocity would increase by a factor
of (1173/373) : 3 at the top of the fuel assembly.

The pressure accelerating the air to this velocity would come from the im-
balance in density-and therefore weight-of the cool air in the space between
the fuel racks and the pool wall (the "down-comer") and the warming air in the
fuel assemblies. If we assume that the density of the air in the down-comer is
1 kg/m3 and that it has an average density of 0.5 kg/im3 in the fuel assemblies,
then the weight difference creates a driving pressure difference. Neglecting
friction losses, this pressure difference would produce a velocity for the air en-
tering the bottom of the fuel assembly of about 2.7 m/s, sufficient to remove heat
at a rate of 120 kW/tU. Adding friction losses limits the air velocity to about
0.34 m/s, however, which could not keep PWR fuel below a temperature of 900°C
for a decay heat level greater than about 15 kW/tU-corresponding to about a
year's cooling.62 Adding in conductive and radiative cooling would not change
this result significantly.

This is consistent with results obtained by more exact numerical calcula-
tions that take into account friction losses in the down-comer and the heating
of the air in the building above the spent-fuel pool.6 3 The 1979 Sandia study
obtained similar results. It also found that, in contrast to the situation with
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dense-pack storage, with open-frame storage and a spacing between fuel as-
semblies of 53 cm (i.e., a density approximately one fifth that of dense-packed
fuels), convective air cooling in a well-ventilated spent-fuel storage building (see
below) could maintain spent fuel placed into the spent-fuel pool safely below its
cladding failure temperature as soon as 5 days after reactor shutdown. 64 These
important conclusions should be confirmed experimentally with, for example,
electrically heated fuel rods.65

Spread of Fires from Hot to Colder Fuel

The above discussion has focused on the likelihood that recently-discharged
dense-packed fuel could heat up to ignition temperature in either a partially
or fully drained pool. It is more difficult to discuss quantitatively the spread of
such a fire to adjacent cells holding cooler fuel that would not ignite on its own.
A 1987 Brookhaven report attempted to model the phenomena involved and
concluded that "under some conditions, propagation is predicted to occur for
spent fuel that has been stored as long as 2 years."66 The conditions giving this
result were dense-packing with 5 inch [13 cm] diameter orifices at the bottom
of the cells-i.e., typical current U.S. storage arrangements.

The report notes, however, that its model

does not address the question of Zircaloy oxidation propagation after clad
melting and relocation [when] a large fraction of the fuel rods would be expected
to fall to the bottom of the pool, the debris bed will remain hot and will tend to heat
adjacent assemblies from below [which] appears to be an additional mechanism
for oxidation propagation.

The report therefore concludes that the consequences of two limiting cases
should be considered in estimating the consequences of spent-fuel pool fires:
1) only recently discharged fuel burns, and 2) all the fuel in the pool burns.67

This is what we have done above. We would add, however, that any blockage of
air flow in the cooler channels of a dense-packed pool by debris, residual water,
or sagging of the box structure would facilitate the propagation of a spent-fuel
fire.

68

MAKING SPENT-FUEL POOLS, THEIR OPERATION,
AND THEIR REGULATION SAFER

A variety of possibilities can be identified for reducing the risk posed by spent-
fuel pools. Some were considered in reports prepared for the NRC prior to the
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Sept. 11, 2001 destruction of the World Trade Center and rejected because the
estimated probability of an accidental loss of coolant was so low (about 2 chances
in a million per reactor year) that protecting against it was not seen to be cost
effective.

69

Now it is necessary to take into account the potentially higher probability
that a terrorist attack could cause a loss of coolant. Since the probabilities
of specific acts of malevolence cannot be estimated in advance, the NRC and
Congress will have to make ajudgment of the probability that should be used in
cost-benefit analyses. The most costly measures we propose would be justified
using the NRC's cost-benefit approach if the probability of an accident or attack
on a U.S. spent-fuel pool resulting in a complete release of its 137 Cs inventory to
the atmosphere were judged to be 0.7 percent in a 30-year period. This is at the
upper end of the range ofprobabilities estimated by the NRC staff for spent-fuel
fires caused by accidents alone. For a release of one tenth of the 137Cs inventory,
the break-even probability would rise to about 5 percent in 30 years. 70

Below, we discuss more specifically initiatives to:

* Reduce the probability of an accidental loss of coolant from a spent-fuel
pool,

* Make the pools more resistant to attack,

* Provide emergency cooling,

* Reduce the likelihood of fire should a loss of coolant occur, and

* Reduce the inventory of spent fuel in the pools.

Included are three recommendations made in the 1979 Sandia study on the
consequences of possible loss-of-coolant accidents at spent-fuel storage pools.71

Unfortunately, all of these approaches offer only partial solutions to the problem
of spent-fuel-pool safety. That problem will remain as long as nuclear power
plants operate. However, the probability of a spent-fuel fire can be significantly
reduced, as can its worst-case consequences. Some options will involve risk
tradeoffs, and will therefore require further analysis before decisions are made
on their implementation.

We discuss the specific changes below under three headings: regulatory,
operational, and design.

Regulatory
NRC regulations do not currently require either qualified or redundant safety
systems at spent-fuel pools or emergency water makeup capabilities. 72 The
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NRC should require reactor owners to remedy this situation and demon-
strate the capability to operate and repair spent-fuel pools and their sup-
porting equipment under accident conditions or after an attack. This capa-
bility would contribute to defense in depth for nuclear power plants and spent
fuel.

73

Operational

Minimize the Movement of Spent-Fuel Casks Over Spent-Fuel Pools

The NRC staff study, Spent Fuel Accident Risk, concludes that "spent fuel casks
are heavy enough to catastrophically damage the pool if dropped." The study
cites industry estimates that casks are typically moved "near or over the SFP
(spent fuel pool) for between 5 and 25 percent of the total path." It was con-
cluded that this was not a serious concern, however, because industry compli-
ance with NRC guidance would result in the probability of a drop being reduced
to less than 10-5 per reactor-year. 74 Nevertheless, we recommend consideration
of whether the movements of spent-fuel casks over pools can be reduced. We
also acknowledge that reducing a pool's inventory of fuel, as recommended be-
low, will increase the number of cask movements in the near term-although
all the fuel will eventually have to be removed from the pools in any case.
The resulting risk increase should be minimized as part of the implementation
plan.

Minimize Occasions When the Entire Core is Moved to the Pool During
Refueling Outages

Refueling outages occur every 12 to 18 months and typically last a month or
so. Pool dry-out times decrease dramatically when full cores are placed into
spent-fuel-storage pools only a few days after reactor shutdown. Only a third
to a quarter of the fuel in the core is actually "spent." The remainder is moved
back into the core at new positions appropriate for its reduced fissile content.
It is not necessary to remove the entire core to the spent fuel pool to replace the
fuel assemblies in their new locations.7 5 Even when it is necessary to inspect
the interior of the pressure vessel or to test the fuel for leakage, removal of part
of the fuel should be adequate in most cases. The only regulatory requirement
for removal of the entire core is on those infrequent occasions when work is
being done that has the potential for draining the reactor pressure vessel. This
would be the case, for example, when work is being done on a pipe between the
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pressure vessel and the first isolation valve on that pipe-or on the isolation
valve itself.7

6

Design

Go to Open-Frame Storage

As already noted, the Sandia study found that, for pools with open-frame stor-
age in well-ventilated storage buildings (see below), spent fuel in a drained
storage pool will not overheat if it is cooled at least 5 days before being trans-
ferred to the pool. Furthermore, for partial drainage, which blocks air flow from
below, open-frame storage allows convective cooling of the fuel assemblies from
the sides above the water surface.

The simplest way to make room for open-frame storage at existing reactors
is to transfer all spent fuel from wet to dry storage within five years of discharge
from the reactor. Consequently, our proposal for open-frame storage is tied to
proposals for dry storage, as discussed below.

The open-frame storage considered in the Sandia study could store, how-
ever, only 20 percent as much fuel as a modern dense-pack configuration. Thus,
a pool that could hold 500 tons of dense-packed spent fuel from a 1000-MWe
unit could accommodate in open racks the approximately 100 tons of spent
fuel that would be discharged in five years from that reactor.7 7 However, about
twice as large a pool would be required to provide enough space in addition to
accommodate the full reactor core in open-frame storage. If this much space
were not available, occasions in which a full-core discharge is required would
remain dangerous-although less frequent, if the recommendation to minimize
full-core offloads is adopted.

Alternative approaches to a lack of sufficient space for open-rack storage
would be to move spent fuel out of the pool earlier than five years after discharge
or to adopt racking densities intermediate between dense-pack and the Sandia
open rack arrangement. Two interesting intermediate densities that should
be analyzed are: 1) an arrangement where one fifth of the fuel assemblies are
removed in a pattern in which each of the remaining fuel assemblies has one
side next to an empty space; 2) an arrangement where alternate rows of fuel
assemblies are removed from the rack. These geometries would have to include
perforations in the walls to allow air circulation in situations where enough
water remained in the pool to block the openings at the bottoms of the boxes,
or removal of some partitions entirely.

One problem with open-rack storage is that it creates a potential for a crit-
icality accident for fresh or partially burned fuel if the fuel racks are crushed.
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• Figure 8: Neutron multiplication as a function of array pitch in an infinite square array of
4.4% enriched fuel rods with a design burnup of 53 MWd/kgU for 0, 25, 50, 75 and 100%
irradiation (Source: authors).

Figure 8 shows the value of the neutron multiplication factor kff in an infinite
square array of 4.4% enriched fuel at various burnups as a function of the spac-
ing between the rod centers (the array "pitch") in a pool of unborated water.78 It
will be seen that, for burnups of less than 50 percent, the open array is critical
at a pitch of 2.6 cm and that the neutron multiplication factor increases as the
pitch decreases to about 1.6 cm.

This situation is most problematical for low-burnup fuel. One way to remedy
the situation for low-burnup fuel would be to put in neutron-absorbing plates
between rows of fuel assemblies.79 This would still allow free convection of air
through the rows. Other configurations of neutron-absorbing material could
also be consistent with allowing free convection. Suppression of criticality
could also be achieved by adding a soluble compound of neutron-absorbing
boron to the pool water."0 Finally, some high-density rack spaces could be pro-
vided for low-burnup fuel. If fresh fuel is stored in pools, it could certainly
be put in dense-rack storage since fresh fuel does not generate significant
heat.

Provide for Emergency Ventilation of Spent-Fuel Buildings

The standard forced air exchange rate for a spent-fuel-storage building is two
air changes per hour.8 ' Consider a building with an air volume V and an air
exchange rate of n volumes of external air per hour. If the spent fuel generates
heat at a rate P, the air temperature rise will be AT = 360OP/(nVpcp) where
p is the density of the air entering the building (about 1 kg/m3 ) and cp is the
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heat capacity of the air per kg at constant pressure [(about 1000 joules/(kg-0 C)].
Therefore, AT - 3.6P/(nV). Consider a case where the spent-fuel pool contains
80 tons of freshly-discharged fuel generating 100 kWt/tU of decay heat (i.e., P =
8 MWt) and where V = 10,000 cubic meters (e.g., a building roughly 30 meters
square and 10 meters tall). For this case, AT - 2900/n°C. To bring AT down to
100 0C would require about 30 air exchanges per hour.

The Sandia report proposed that, in case of a loss-of-coolant accident, large
vents in the sides and roof of the building be opened to allow a high rate of
convective air exchange. The required area of the openings was calculated
by equating the outside-inside air pressure difference at the floor of a build-
ing H meters high due to the difference in air densities outside and inside:
Ap = gH(po - pi) with the sum of the throttling pressure losses at the open-
ings: APth = 0.5po(Vi/CD) 2 + 0.5pi(Vo/CD) 2 . Here vi and vo are respectively the
average velocities of the incoming and exiting air and the "discharge coefficient,"
CD - 0.6, reflects the reduction of the air velocity due to turbulence caused by
the edges of the openings. Taking into account the fact that air density varies
inversely with absolute temperature, the minimum area of the openings can be
calculated as 82

A = {P/[CDCpPo(2gH) 1/ 2] }{Ti(To + Ti)/[To(AT)3] 1/2

For H = 10 m, T - 3000 K and AT = 1000 K, this equation becomes A = 3.6P m 2

if P is measured in megawatts. Thus, if P = 8 MWt, A would have to be 30 m 2 ,

e.g. an opening 10 meters long and 3 meters high.
Of course, such a system would not prevent a fire in a dense-packed pool

because of the poor air circulation in the spent-fuel racks. It is a complement
to open-rack storage, not a substitute.

The venting system design proposed in the Sandia report is attractive be-
cause it is passive. However, it might be difficult to retrofit into existing build-
ings, the door-opening system might be incapacitated, and it would not work if
the building collapsed as a result of an accident or terrorist act. Furthermore, if
a fire did start, the availability of ventilation air could feed the fire. Therefore,
high-capacity diesel-powered blowers should be considered as an alternative or
complement to a passive ventilation system.

Install Emergency Water Sprays

The Sandia report also proposed that a sprinkler system be installed.8 3 For
80 tons of spent fuel generating 100 kWt/MTU, the amount of water required if it
were all evaporated would be about 3 liters per second. Such a flow could easily
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be managed in a sprinkler system with modest-sized pipes.8A The sprinkler
system should be designed with an assured supply of water and to be robust
and protected from falling debris. It should also be remotely operated, since the
radiation level from uncovered fuel would make access to and work in a spent-
fuel building difficult to impossible-especially if the building were damaged.
The hottest fuel should be stored in areas where spray would be the heaviest,
even if the building collapses on top of the pool (e.g., along the sides of the
pool). The spray would need to reach all of the spent fuel in the pool, however-
especially in scenarios where the spray water accumulated at the bottom of the
pool and blocked air flow into the dense-pack racks.

Another circumstance in which the spray could aggravate the situation
would be if the spent-fuel racks were crushed or covered with debris, blocking
the flow of air. In such a case, steam generated from water dripping into the
superheated fuel could react with the zirconium instead. The circumstances
under which sprays should be used would require detailed scenario analysis.

Make Preparations for Emergency Repairs of Holes

A small hole, such as might be caused by the penetration of a turbine shaft or
an armor-piercing warhead, might be patched. For a hole in the side, a flexible
sheet might be dropped down the inside of the pool.8 5 However, in the turbine-
shaft case, the space might be blocked if the projectile was protruding from
the wall into the spent-fuel rack. Or the racks might be damaged enough to
close the gap between them and the side of the pool. Also, if the top of the fuel
were already exposed, the radiation levels in the pool area would be too high
for anything other than pre-emplaced, remotely controlled operations.

Patching from the outside would be working against the pressure of the
water remaining in the pool (0.1 atmosphere or 1 kg/cm 2 per meter of depth
above the hole). However, there could be better access and the pool wall would
provide shielding--especially if the hole were small. Techniques that have been
developed to seal holes in underground tunnels might be useful.8 6

Armor Exposed Outside Walls and Bottoms Against Projectiles

The water and fuel in the pool provide an effective shield against penetration
of the pool wall and floor from the inside. It should be possible to prevent pene-
tration by shaped charges from the outside with a stand-off wall about 3 meters
away that would cause the jet of liquid metal formed by the shaped charge to
expand and become much less penetrating before it struck the pool wall. In the
case of the turbine shaft, Pennington's analysis for dry casks suggests that it
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also might be possible to absorb the shaft's energy with a thick sheet of steel
that is supported in a way that allows it to stretch elastically and absorb the
projectile's kinetic energy (see below).

REDUCING THE INVENTORY OF SPENT-FUEL POOLS

Our central proposal is to move spent fuel into dry storage casks after it has
cooled for 5 years.87 In addition to allowing for a return to open-frame storage,
such a transfer would reduce the typical 137 Cs inventory in a pool by approx-
imately a factor of four,8 8 thereby reducing the worst-case release from a pool
by a comparable factor. Casks are already a growing part of at-reactor stor-
age capacity. Out of the 103 operating power reactors in the U.S., 33 already
have dry cask storage and 21 are in the process of obtaining dry storage.8 9 On
average about 35 casks would be needed to hold the 5-year or more aged spent
fuel in a spent fuel pool filled to capacity.9"

As already noted, to a certain extent this proposal runs counter to the earlier
proposal to mimimize the movement of spent fuel casks over pools. The risk of
dropped casks should be considered in deciding on which types of dry storage
transfer casks are utilized.

SAFETY OF DRY-CASK STORAGE

Shifting pools back toward open-rack storage would require moving much of
the spent fuel currently in pools into dry storage casks. With currently licensed
casks, this could be done by the time the fuel has cooled 5 years.

In principle, the transfer of the spent fuel to dry storage could take place
earlier. Spent fuel cooled for 2.5 years has about twice the decay heat per ton
as spent fuel 5 years after discharge (see figure 5). Such spent fuel might be
stored next to the walls of storage casks with older, cooler spent fuel stored in
the interior.

Casks are not vulnerable to loss of coolant because they are cooled by nat-
ural convection that is driven by the decay heat of the spent fuel itself. Thus
dry-storage casks differ from reactors and existing spent-fuel pools in that their
cooling is completely passive. To obtain a release of radioactive material, the
wall of the fuel container must be penetrated from the outside, or the container
must be heated by an external fire to such an extent that the containment
envelope fails. However, many dry-storage modules must fail or be attacked
simultaneously to produce the very large releases that are possible today at
spent-fuel pools. Nevertheless, since the total 137Cs inventory on-site does not
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change under our proposal, it is important to examine the safety of dry-cask
storage as we envisage it being used.

There are two basic types of dry storage cask currently licensed in the U.S.
(see Figure 9):91

1. Casks whose walls are thick enough to provide radiation protection; and

2. Thin-walled canisters designed to be slid into a concrete storage over-
pack that provides the radiation shielding with space between the cask
and overpack for convective circulation of air. (Transfer overpacks and
transport overpacks are used for onsite movement and offsite shipping,
respectively.)
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Figure 9: (a) Thick-walled cask10 3 and (b) Cask with overpack.104 (Sources: GNB and
NAC).
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Among the possible threats to such casks are: shaped-charge missiles, air-
craft turbine spindles, and fire.

Shaped-Charge Missile

Dry storage casks in the U.S. are stored on concrete pads in the open. Missiles
tipped with shaped charges designed to penetrate tank armor could penetrate
such an unprotected storage cask and cause some damage to the fuel within.
Experiments on CASTOR-type spent fuel casks of 1/3 length and containing a
3 x 3 array of assemblies were carried out in 1992 at a French army test site
for Germany's Ministry of the Environment and Nuclear Safety (BMU). The
simulated fuel was made of unirradiated depleted uranium pressurized to
40 atmospheres to simulate the pressure buildup from fission product gases in
spent fuel.

The particulate matter released through the hole was collected and an-
alyzed for size distribution. When the initial pressure within the cask was
atmospheric, about 3.6 grams of particles with diameters less than 100 mi-
crons were released in a puff from the hole. In the analysis of radiological con-
sequences, it was assumed that, because of its volatility, 137Cs equivalent to that
in 50 grams of spent fuel with a burnup of 48.5 MWd/tU would be released.92

Another analysis assumed a 137Cs release 1000 times larger.93 A still larger
release could occur if a cask were attacked in such a way as to initiate and
sustain combustion of the zirconium cladding of the fuel.

It has been found possible to plug the relatively small hole made by a shaped
charge in a thick-walled iron cask with a piece of lead before much radioactivity
could be released.94 Plugging the hole would be considerably more difficult in
the case of a thin-walled cask surrounded by a concrete overpack.

In each case, unless the fuel-in a significant fraction of the casks were
ignited, the release would be small in comparison to the potential release
resulting from a spent-fuel-pool fire. Nevertheless, German authorities require
casks to be stored inside a shielding building. The building walls could be pen-
etrated by a shaped charge but the liquid metal would spread in the space
between the wall and the nearest cask and therefore be relatively harmless.
U.S. dry-cask storage areas are not currently so protected but the casks could
be protected with an overpack95 and/or a berm.

Turbine Spindle

The Castor cask has survived, without penetration impacts, from various an-
gles by a simulated turbine spindle weighing about half a ton surrounded by
additional steel weighing about as much and traveling at almost sonic speed

29
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(312 m/sec).9 6 Recently, NAC International carried out a computer simulation
of the impact of a Boeing 747 turbine on its canister-in-overpack Universal
Multipurpose System at a speed of 220 m/sec and concluded it too would not be
penetrated. This conclusion should be verified experimentally.97

Fire
Theoretical studies of the resistance to fire of Castor V/19 (PWR) and V/52
(BWR) storage/transport casks were done for Austria's Environmental Agency
for a number of German reactor sites because of concerns that the contamina-
tion from cask failure might extend into Austria. The scenario was a crash of
a large commercial airliner into a storage facility. It was assumed that 60 tons
of kerosene pooled around the storage casks and burned for 3 to 5 hours at a
temperature of 10000 C. It was estimated that, because of the massive heat ca-
pacity of the thick cask walls, the seals of their bolted-down lids would begin to
fail only after 3 hours. It was also assumed that, by that time, the fuel cladding
would have failed. Finally, it was assumed that the contained 13 7Cs would be
in its most volatile possible (elemental) form. On this basis, it was estimated
that about 0.04 MCi of 137Cs would be released after a 5-hour, 10000C fire in a
storage facility with 135 casks containing a total of 170 MCi.9 s

Obviously, the release from even such a worst-case incident would be tiny
compared with the 100 to 1000 times higher releases from a spent-fuel pool fire
considered above. However, a spent-fuel storage facility should be designed,
among other requirements, to prevent the pooling of kerosene around the
casks.

IMPLEMENTATION ISSUES RELATING TO THE TRANSFER OF
OLDER SPENT FUEL TO DRY-CASK STORAGE

As will be explained, given existing cask-production capacity, it would take
about a decade to move most of the spent fuel currently in pools into dry-cask
storage. Virtually all of the storage would have to be at the reactor sites for
some decades until off-site disposal becomes available. The Yucca Mountain
underground repository will not open for at least a decade and current plans
have spent fuel being shipped to the repository at a rate of 3000 tons per year-
only about 1000 tons/yr more than the current rate of spent-fuel discharge from
U.S. reactors.9 9 If the opening of Yucca Mountain is delayed for many years,
approximately 2000 tons of spent fuel per year might be shipped to a proposed
large centralized facility on the Goshute reservation west of Salt Lake City,
Utah-if it is licensed. 100
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For comparison, the inventory of spent fuel at U.S. reactor sites will be
more than 60,000 tons in 2010, of which about 45,000 tons will be in mostly
dense-packed pools.1°' If all but the last 5 years of discharges are dry stored,
approximately 35,000 tons will have to be unloaded from the pools.10 2 Since
it would be imprudent to assume that off-site shipments to Yucca Mountain or
a centralized interim spent-fuel storage facility could be relied on to solve the
problem of dense-packed spent-fuel pools anytime soon, we focus here on the
logistical and cost issues associated with increasing the amount of on-site dry
storage.

Cask Availability
Cask availability could be a rate-limiting step in moving older spent fuel from
pools into dry storage at the reactor sites. Currently, US cask fabrication
capacity is approximately 200 casks per year-although the production rate
is about half that. Two hundred casks would have a capacity about equal to
the spent-fuel output of U.S. nuclear power plants of about 2000 tons per year.
However, according to two major U.S. manufacturers, they could increase their
combined production capacity within a few years to about 500 casks per year.10 5

To use the extra 300 casks per year to unload 35,000 tons of spent fuel out of
the storage pools would require about 10 years. This period could be reduced
somewhat if the unloading of high-density pools was perceived to be an impor-
tant issue of homeland security. The United States has substantial industrial
capacity that could be allocated to cask production using existing, licensed de-
signs. Casks made in Europe and Japan could be imported as well. However,
other potentially rate-limiting factors would also have to be considered in any
estimate of how much the transfer period could be shortened.

Dry-Storage Costs
Storage cask capacity costs U.S. utilities from $90 to $210/kgU.10 6 Additional
capital investments for new on-site dry storage facilities would include NRC
licensing, storage pads, security systems, cask welding systems, transfer casks,
slings, tractor-trailers, and startup testing. These costs are estimated to range
from $9 to $18 million per site. 10 7 However, at most sites, they will be in-
curred in any case, since even dense-packed pools are filling up. The capital
cost of moving 35,000 tons of spent fuel into dry casks would therefore be dom-
inated by the cost of the casks and would range from about $3.5 to $7 billion
($100-200/kgU). Per GWe of nuclear capacity, the cost would be $35-70 million.
The additional cost per kWh would be about 0.03-0.06 cents/kWh.10 8 This is
0.4-0.8 percent of the average retail price of electricity in 2001.109 It is also
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equivalent to 30 to 60 percent of the federal charge for the ultimate disposition
of the spent fuel (see below).

The extra cost would be reduced significantly if the casks could be used
for transport and ultimate disposal as well. For multi-purpose canisters with
stationary concrete overpacks, the extra cost would then be associated pri-
marily with the overpack (about 20% of the total cost) and with the need
to buy the canisters earlier than would have been the case had the spent
fuel stayed in dense-packed pools until it was transported to the geologi-
cal repository. Unfortunately, the Department of Energy has abandoned the
idea of multi-purpose containers and currently plans to have spent fuel un-
packed from transport canisters and then repacked in special canisters for
disposal." 0

Costs would be increased by the construction of buildings, berms or other
structures to surround the casks and provide additional buffering against
possible attack by anti-tank missiles or crashing aircraft. The building at
Gorleben, which is licensed to hold 420 casks containing about 4200 tons of
uranium in spent fuel, would cost an estimated $20-25 million to build in the
United States or about $6/kgU."' Assuming conservatively that the building
cost scales with the square root of the capacity (i.e. according to the length of
its walls), it would cost about $12/kgU for a facility designed to store 100 casks
containing 1000 tons uranium in spent fuel-about the inventory of a typi-
cal 2-reactor site if our proposal was carried through by 2010.112 Berms for a
middle-sized storage area might cost about $1.5-3/kgU.113

Licensing Issues
The NRC currently licenses storage casks for 20 years. Some U.S. dry-cask stor-
age facilities will reach the 20-year mark in a few years. The NRC is therefore
currently deciding what analysis will be required to provide a basis for license
extensions.

With reactor operators increasing fuel burnup, casks will also eventually
have to be licensed for the storage of high-burnup fuel. Current licenses allow
burnups of up to 45,000 MWd/MT. However, the CASTOR V/19 cask is already
licensed in Germany to store 19 high-burnup Biblis-type fuel assemblies, which
are slightly bigger and heavier than U.S. PWR fuel assemblies. The license
allows 15 five-year cooled fuel assemblies with burnups of 55 MWd/kgU plus
four with burnups of up to 65 MWd/kgU.114 U.S. storage casks have been tested
with fuels with burnups of 60 MWd/kgU.115

Finally, some reactor operators have expressed concern that the NRC does
not currently have sufficient manpower to accelerate the process of licensing
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on-site dry storage. However, almost all sites will have to license dry storage in
the timeframe considered here in any case.

Who Will Pay?
Nuclear power operators can be expected to balk at the extra cost of moving
spent fuel out of pools to on-site dry storage. As a result of deregulation, many
operators are no longer able to pass such costs through to customers without
fear of being undersold by competing fossil-fueled power plants. Also, many
plants have been sold at a few percent of their original construction costs to
owners who have established corporations to limit their liability to the value of
the plants themselves.116 Therefore, to prevent extended delays in implement-
ing dry storage, the federal government should consider offering to pay for extra
storage casks and any security upgrades that it might require for existing dry
storage facilities.

Under the Nuclear Waste Policy Act (NWPA) of 1982, the Department of
Energy (DoE) was to enter into contracts with nuclear utilities to begin moving
spent fuel from nuclear power plants to a national deep underground repository
by 1998. In exchange, the utilities made payments to a national Nuclear Waste
Fund at the rate of 0.1 cents per net electrical kilowatt-hour generated by their
nuclear plants plus a one-time payment (which some utilities have not yet
fully paid) based on their nuclear generation prior to the law's enactment. As
of May 31, 2002, this fund had a balance of $11.9 billion. Since 1995, $600-700
million have been deposited annually. 7 The DoE spends about $600 million
annually on Yucca Mountain but, for the past several years, about two thirds
of this amount has been drawn from the National Defense Account of the U.S.
Treasury because the DoE had previously underpaid for the share of the facility
that will be occupied by high-level radioactive waste from its defense nuclear
programs.

There is therefore, in principle, a considerable amount of money that
could be made available in the Nuclear Waste Fund for dry storage. However,
under some circumstances, all these funds may eventually be required for the
Yucca Mountain facility, whose total cost is projected to be $57.5 billion.118

Furthermore, the use of the fund for interim storage has been blocked by
utility lawsuits.119 Most likely, therefore, the NWPA would have to be amended
to allow the federal government to assume title to dry-stored spent fuel and
responsibility for on-site storage.

An alternative approach would be to create an additional user fee similar
to that which flows into the NWPA fund. A fee of 0.1 cents per nuclear kWh
would generate an additional $750 million per year that could in 5 to 10 years
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pay the $3.7 to 7 billion cost estimated above to transfer 35,000 tons of spent
fuel into dry, hardened, on-site storage. Such a fee would, however, be opposed
by the nuclear-plant operators.

SUMMARY

As summarized in Table 2, we have proposed a number of possible actions to
correct for the obvious vulnerabilities of spent fuel pools and to reduce the worst-
case release that can occur from such pools. These recommendations would
result in significant improvements over the current situation but they would
also have significant limitations.

Improvements
* The obvious vulnerabilities of spent fuel pools would be addressed.

+ The worst-case release from a typical spent fuel pool of 137Cs-the isotope
that governs the extent of long-term land contamination-would be reduced
by a factor of about four. The residual inventory of '37 Cs in the spent fuel
pool would be about twice that in a reactor core.

* Our recommendations are achievable with existing technologies at a cost
less than a percent of the price of nuclear-generated electricity.

Limitations
+ Considerable 137Cs would remain in hot spent fuel in pool storage.

# Terrorists could still cause releases from the dry-cask modules to which the
aged spent fuel would be transferred, although it is difficult to imagine how
they could release a large fraction of the total stored inventory, short of
detonation of a nuclear weapon.

* Our analysis has been largely limited to accidents or terrorist acts that
would partially or completely drain the pool while leaving the geometry of
the spent fuel racks and the building above intact. Spent fuel fires might
still arise in open-racked pools with air circulation blocked by a collapsed
building. Such situations require more analysis.

* We have considered generic PWR pools. Additional issues may well arise
when specific PWR and BWR pools designs are analyzed.
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Table 2: Summary of proposals.

Type Action

Regulation Congress should decide the
probability of a terrorist-caused
spent-fuel pool fire to be used
by the NRC as a basis for
regulatory cost-benefit analysis.

The NRC should require that
nuclear-power plant operators
have the capability to operate
and repair spent-fuel pools
under accident conditions or
after an attack.

Operation Minimize the movement of spent
fuel casks over spent-fuel pools.

Minimize occasions when the
entire core is moved to the pool
during refueling outages.

Transfer spent fuel to dry-cask
storage 5 years after discharge
from the power reactor.

Design Return to open-frame
storage-perhaps with
additional measures of criticality
control.

Provide for emergency ventilation
of spent-fuel buildings.

Install emergency water sprays.

Make preparation for emergency
repair of holes in pool walls and
bottom.

Armor exposed outside walls and
bottoms against projectiles.

Comment

The NRC currently has no basis for
deciding a limit on how much
should be spent on
strengthening protections
against terrorist actions.

This would apply the NRC's
defense in depth approach for
nuclear power plants to spent-
fuel pools.

This has to be balanced with the
proposal to remove older fuel
from the pools.

Technically possible with some
potential inconvenience to
licensees.

Transfer probably could be
accomplished somewhat earlier.
Implementation will probably
require Congress to permit use
of the Nuclear Waste Fund or to
enact a retrospective fee on
electricity consumers-estimated
at about 0.03-0.06 cents per
kilowatt hour generated from
the spent fuel.

Analysis is required on how to
control this air supply if a fire did
start.

Water from the sprays could block
air circulation in a
dense-packed pool or feed a
fire under some circumstances.

Feasibility may vary greatly for
different pool designs.

Finally, all of our proposals require further detailed analysis and some
would involve risk tradeoffs that also would have to be further analyzed. Ideally,
these analyses could be embedded in an open process in which both analysts and
policy makers can be held accountable. This process would have to be designed
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to balance the need for democratic debate with the need to keep from general
distribution information that might facilitate nuclear terrorism. We believe
that our study shows that such a balance can be achieved.
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described in Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nu-
clear Power Plants, p. A1A-2. [A more detailed calculation would take into account the
amount of water displaced by the fuel assemblies. In subsequent calculations, we will
assume 471 kg U per fuel assembly with cross-section of 21.4 x 21.4 cm and a height
of 4 meters. Such an assembly has 59% water content by volume (Nuclear Engineering
International, September 2001, p. 24).] For a pool inventory of 340 tons of 1-20 year-old
fuel generating an average decay heat of 3 kWt/tU with or without a freshly discharged
core containing 85 metric tons of uranium generating 120 kWt/tU decay heat 4 days after
shutdown, the total decay heat would be 1 or 11 MWt. Given the heat capacity of water of
4200 joules/kg-°C, the decay heat would raise the temperature of the pool from 30 to
100°C in 4.4 or 50 hours and thereafter boil off 0.026 or 0.29 meters of water per hour
(the latent heat of vaporization of water is 2.3 Mj/kg). Assuming that there are 7 meters
of water above the fuel, it would take 1 or 11 days before the radiation shield provided
by the water covering was reduced to 1 meter.

32. In principle, removing the spent fuel assemblies and reshuffling the rest before
inserting fresh fuel should be faster. However, any departure from a choreographed
reshuffle (due, for example, to discovery of damaged fuel) requires time-consuming recal-
culation of the subcriticality margin (David Lochbaum, Union of Concerned Scientists,
private communication, Jan. 7, 2003).

33. "NRR [Nuclear Reactor Regulation staff] determined through a recent survey of
all power reactors ... that some sites do not have anti-siphon devices in potential siphon
paths. During refueling operations.., a flow path exists to the reactor vessel, inventory
loss [could occur] through the RHR (residual heat removal), chemical and volume control
system, or reactor cavity drains [or the] shipping cask pool drains. For these situations
in many designs, the extent of the inventory loss is limited by internal weirs or inter-
nal drain path elevations, which maintain the water level above the top of the stored
fuel... During the NRR survey assessment, the staff found that five SFPs (spent fuel
pools) have fuel transfer tubes that are lower than the top of the stored fuel without in-
terposing structures." (Operating Experience Feedback Report: Assessment of Spent Fuel
Cooling, NUREG-1275, pp. 5-6). In 1994, about 55,000 gallons [200 mi3 ] of water leaked
from piping, which had frozen in an unheated containment fuel pool transfer system
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at the closed Dresden I station. The NRC noted the potential for a "failure of 42"[inch,
1 ml fuel transfer tube [which] could rapidly drain fuel pool to a level several feet [> 1
m] below top of [6601 stored fuel bundles." [Dresden, Unit 1 Cold Weather Impact on
Decommissioned Reactor (Update), U.S. NRC, January 24, 1994, pp. 94-109].

34. Operating Experience Feedback Report: Assessment of Spent Fuel Cooling, NUREG-
1275, p. 32 and Fig. 3.2.

35. Doses calculated from a dry pool containing 650 tons of 43 MWd/kgU spent fuel
in a square array with 1.4 cm pitch. The fuel is a composite with a mix of the following
cooling times: 20 tons each at 30 days, 1 year, and 2 years; 100 tons at 5 years; 240 tons
at 10 years; and 250 tons at 25 years. The gamma-ray source intensities within the fuel
were calculated using ORIGEN2, grouped in 18 energy intervals. These radiation-source
data were then used as input to the MCNP4B2 code [Los Alamos National Laboratory,
Monte Carlo N-Particle Transport Code System (Radiation Safety Information Compu-
tational Center, CCC-660 MCNP4B2 1998)] which was used to perform radiation trans-
port calculations to obtain the flux and energy spectra of the gamma-rays 1 m above the
floor of the building at radii of 5, 10 and 15 meters from its center. The radiation doses
were then calculated using the "American National Standard for Neutron and Gamma-
Ray Fluence-to-Dose Factors" (American Nuclear Society, ANSI/ANS-6.1.1, 1991) and
an average self-shielding factor of 0.7. The concrete has a density of 2.25 gms/cc and a
composition in weight percent of 77.5% Si0 2 , 6.5% A12 0 3 , 6.1% CaO, 4.0% H 20, 2.0%
Fe20 3 , 1.7% Na 20, 1.5% K20 0.7% MgO ("Los Alamos concrete, MCNP4B2 manual,
pp. 5-12). In the absence of a roof, the dose rates at 10 and 15 meters would be reduced
by factors of 0.37 and 0.24 respectively. Similar calculations for 400 tons of 33MWd/kgU
spent fuel (25% each 30-day, 1-yr, 2-yr and 3-yr cooling) reported in Spent Fuel Heatup
Following Loss of Water During Storage, Appendix C: "Radiation dose from a drained
spent-fuel pool" give a dose rate of about 300 rads/hr at ground level 15 m from the
center of a rectangular 10.6 x 8.3 m pool.

36. Among the emergency workers at Chernobyl, deaths began for doses above
220 rems. The death rate was one third for workers who had received doses in the 420-
620 rem range and 95% (1 survivor) for workers who received higher doses ("Exposures
and effects of the Chernobyl accident," Table 11).

37. Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear
Power Plants, p. AlA-1.

38. Figure 5 was calculated with ORIGEN 2.1 assuming that the initial enrichments
for burnups of 33, 43, 53 and 63 MWd/kgU were 3.2, 3.7, 4.4 and 5.2% respectively. The
PWRU.LIB and PERU50.LIB cross-section files were used to calculate the production
rates of actinides and fission products in PWR fuel.
39. S. R. Tieszen, Fuel Dispersal Modeling for Aircraft-Runway Impact

Scenarios (Sandia National Laboratory, SAND95-2529, 1995), p. 73.

40. Fuel Dispersal Modeling for Aircraft-Runway Impact Scenarios, p. 70.

41. World Trade Center Building Performance Study, (FEMA, 2002) Appendix E,
http://www.fema.gov/library/wtcstudy.shtm accessed Dec. 10, 2002.

42. On May 16, 1979, the government of the German state of Lower Saxony issued a
ruling about a proposed nuclear fuel center at Gorleben. One aspect of the ruling was a
refusal to license high-density pool storage, in part from concern about war impacts. The
ruling followed a public hearing in which more than 60 scientists, including two of the
present authors (J. B. and G. T.) presented their analyses. A third author (K. J.) had been
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responsible for the design of the pool and subsequently oversaw the design of the dry
casks currently used in Germany [Klaus Janberg, "History and actual status of aircraft
impact and anti-tank weaponry consequences on spent fuel storage installations," paper
presented at the International Conference on Irradiated Nuclear Fuel, Moscow IFEM,
September 11, 2002]. A brief description (in German) and photographs and diagrams
of the German dry-cask central storage facility that was built at Gorleben instead of a
spent-fuel pool may be found in Brennelementlager Gorleben, BLG, http://www.math.uni-
hamburg.de/matlIign/hh/lfi/blg.htm, accessed Dec. 10, 2002. A similar dry-cask storage
facility was built instead of a storage pool at Ahaus, Germany.

43. Swiss Federal Nuclear Safety Inspectorate (HSK), Memorandum, "Protect-
ing Swiss Nuclear Power Plants Against Airplane Crash" (undated), p. 7. This
memo also describes Swiss protection requirements (the same as those in
Germany) http://www.hsk.psi.ch/pub-eng/publications/other%20publications/2001/AN-
4111LE-UebersetzFlz-absturz.pdf accessed, Jan. 9, 2003.

44. "In estimating ... catastrophic PWR spent fuel pool damage from an aircraft crash
(i.e., the pool is so damaged that it rapidly drains and cannot be refilled from either onsite
or offsite resources), the staff uses the point target area model and assumes a direct hit
on a 100 x 50 foot spent fuel pool. Based on studies in NUREG/CR-5042, Evaluation of
External Hazards to Nuclear Power Plants in the United States, it is estimated that 1
of 2 aircrafts are large enough to penetrate a 5-foot-thick reinforced concrete wall ... It
is further estimated that 1 of 2 crashes damage the spent fuel pool enough to uncover
the stored fuel (for example, 50 percent of the time the location is above the height of
the stored fuel)" (Technical Study of Spent Fuel Pool Accident Risk at Decommissioning
Nuclear Power Plants, p. 3-23).

45. See e.g.AccidentAnalysis forAircraft Crash into Hazardous Facilities (U.S. Depart-
ment of Energy, DOE-STD-3014-96, 1996), Appendix C. We have used these formulae
for an aircraft turbine shaft weighing 400 kg with a diameter of 15 cm and traveling
at 156 n/sec (350 miles per hour, speed of the aircraft that crashed into the Pentagon
according to NEI, see following footnote) and 260 n/sec [590 miles/hr, estimated speed
of the aircraft that crashed into the World Trade Center South Tower, (World Trade
Center Building Performance Study)]. They predict that such an object could perforate
a reinforced concrete wall 0.8 to 1.8 meters thick, depending primarily on the impact
speed.

It is possible that a spent-fuel pool, with its content of water mixed with dense fuel
assemblies, might resist penetration more like an infinitely thick slab. In this case, the
range of penetration depths for the large aircraft turbine shaft becomes 0.4-1.3 m. For
a useful review, which shows the great uncertainty of empirical penetration formulae
and the very limited ranges over which they have been tested empirically, see Review of
empirical equations for missile impact effects on concrete by Jan A. Teland (Norwegian
Defense Research Establishment, FFI/RAPPORT-97/05856, 1998).

An additional reference point is provided by the NRC staff's conclusion that "if the
cask were dropped on the SFP [spent-fuel-pool] floor, the likelihood of loss-of-inventory
given the drop is 1.0" (Technical Study of Spent Fuel Pool Accident Risk at Decommis-
sioning Nuclear.Power Plants, p. A2C-3). For a drop height of 12 m (the depth of a
pool) the kinetic energy of a 100-ton cask (neglecting the absorption of energy by dis-
placing water and crushing spent-fuel racks) is about 10' joules-about the same as
the energy of the large jet turbine shaft at a velocity of about 240 m/sec. Because of
the larger hole that the cask would have to punch, the energy absorbed by the struc-
ture would be expected to be larger. It should also be noted that the weight of the
entire jet engine is about 4,000 kg, its diameter, including the fan blades, is about
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the same as a spent-fuel cask and its kinetic energy at 240 m/sec is about 10 times
greater.

46. Aircraft crash impact analyses demonstrate nuclear power plant's struc-
tural strength (Nuclear Energy Institute Press release, Dec. 2002, http://www.nei.
org/documents/EPRINuclearPlantStructuralStudy200212.pdf, accessed Jan. 5, 2003).

47. Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear
Power Plants, p. A2C-3.

48. Analysis of the Total System Lifecycle Cost of the Civilian Radioactive Waste Man-
agement Program, (U.S. DoE, Office of Civilian Waste management, Report # DOE/RW-
0533, 2001), pp. 1-7.

49. "Nuclear Waste: Uncertainties about the Yucca Mountain Repository Project," tes-
timony by Gary Jones, Director, Natural Resources and Environment, U.S. General
Accounting Office, before the Subcommittee on Energy and Air Quality, House Com-
mittee on Energy and Commerce, 21 March 2002.

50. Charles Pennington, NAC International, private communication, Dec. 2, 2002.

51. In recently installed racks, the boron is contained in Boral sheets composed of
boron carbide (B4C) in an aluminum matrix, permanently bonded in a sandwich between
aluminum plates. This design has proven more durable than a previous design in which
boron carbide was mixed 50 percent by volume with carbon, formed into a 1/4-inch thick
sheet and clad in 1/8-inch stainless steel (Spent Fuel Heatup Following Loss of Water
During Storage, p. 19).

52. A vendor's representation of dense-pack fuel racks is available at http://www.
holtecinternational.com

53. This problem could be mitigated to some degree by putting holes in the walls of
the dense-pack racks-subject to limitation that considerable neutron absorption in the
walls is required keep the spent fuel subcritical. The holes would allow air to circulate
through the racks above the water surface. The 1979 Sandia report concluded that such
an approach could be effective for fuel a year or more old (Spent Fuel Heatup Following
Loss of Water During Storage, pp. 78).

54. Based on heat capacities of U0 2 and Zr of 0.3 joules/gmU-°C [S. Glasstone and
A. Sesonske, Nuclear Reactor Engineering (Van Nostrand Reinhold, 1967) Table A7]
and assuming 0.2 grams of Zr per gram U, the heat capacity of reactor fuel is about
0.4 joules/gmU-°C. In a 1997 study done by Brookhaven National Laboratory for the
NRC, the "critical cladding temperature" was chosen as 565°C. This was the tempera-
ture for "incipient clad failure" chosen in the previous Workshop on Transport Accident
Scenarios where "expected failure" was fixed at 671'C. The Brookhaven group chose
the lower temperature for fuel failure in a spent-fuel-pool drainage-accident because "it
would take a prolonged period of time to retrieve the fuel, repair the spent fuel pool or
establish an alternate means of long-term storage" [A Safety and Regulatory Assessment
of Generic BWR and PWR Permanently Shutdown Nuclear Power Plants, pp. 3-4.]

55. The gas-diffusion-limited zirconium oxidization rate has been parameterized as
dw2/dt = Kexp(-Ea/RT) in the range 920-1155°C, where w is the weight gain of the
cladding (g/cm 2) due to oxidation, K0 is the rate constant [5.76 x 104 (gm/cm 2)2/sec], Ea
is the activation energy (52990 calories), R is the gas constant (1.987 cal/°K), and T
is the absolute temperature (°K) (Spent Fuel Heatup Following Loss of Water During
Storage, p. 31-34). At 920CC, therefore, K&exp(-E 0 /RT) = 1.1 x 10-5 (gm/cm 2)2/sec. The
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fuel cladding contains 0.34 gmZr/cm 2 .w2 for full oxidation to ZrO2 will therefore be about
0.014 (gm/cm 2)2 . Thus, the characteristic time for complete oxidation would be about 15
minutes at 920°C and would decrease rapidly as the temperature increased further.

The Advisory Committee on Reactor Safeguards (ACRS) has raised the possibil-
ity that, for high-burnup fuel, the ignition temperature might be considerably lower:
"there were issues associated with the formation of zirconium-hydride precipitates in
the cladding of fuel especially when the fuel has been taken to high burnups. Many metal
hydrides are spontaneously combustible in air. Spontaneous combustion of zirconium-
hydrides would render moot the issue of 'ignition' temperature ... " In addition, the
ACRS points out that nitrogen reacts exothermically with zirconium, "[this] may well
explain the well-known tendency of zirconium to undergo breakaway oxidation in air
whereas no such tendency is encountered in either steam or in pure oxygen" ["Draft
Final Technical Study of Spent Fuel Accident Risk at Decommissioning Nuclear Power
Plants," letter from Dana Powers, ACRS chairman, to NRC Chairman Meserve, April
13, 2000, p. 3].

56. Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear
Power Plants, "Executive Summary," p. x.

57. Between 300 and 1200 'K, the longitudinal conductivity of a 0.4-cm ra-
dius rod of U0 2 clad in zircalloy with an inside radius of 0.41 cm and a
cladding thickness of 0.057 cm is about k = 0.06 Watts/('C/cm) [based on
temperature-dependent conductivities for U0 2 falling from 0.076 to 0.03 and
for zircalloy rising from 0.13 to 0.25 Watts/[cm2 -(°C/cm)] (International Nuclear
Safety Center, http://www.insc.anl.gov/matprop/uo2/cond/solid/thcsuo2.pdf, Table 1;
http://www.insc.anl.gov/matprop/zircaloy/zirck.pdf, Table 1, accessed Dec. 19, 2002)].
The density of uranium in the U0 2 is about 10 gm/cc. A rod 400 cm long would therefore
contain about 2 kg of uranium. For a fuel rod L cm long containing M kg U and cooled
at both ends to a temperature To, with a heat generation rate of P Watts/kgU uniformly
distributed along its length, the temperature difference between the center and ends
would be PML/(8k) t 1700 P 'C. Taking into account the thermal conductivity of the
steel boxes and boral surrounding the fuel assemblies in the dense-pack configuration
lowers this estimated temperature increase to approximately 1000 P 'C.

58. Within the fuel assembly, the net radiation flux in the z direction is approximately
F = -4faT 3(dT/dz)(X2 ) where f is the fraction of the area of the fuel assembly between the
fuel rods (about 0.6) and (-z) = fdQ2(Cos9)[A(9,0)] is the average distance that radiation
travels up the fuel assembly before being reabsorbed-on the order of centimeters. We
have made the approximation that the difference in temperature between the radiating
and absorbing points can be calculated using the first derivative of T. We also assume
that the rate of heat generation is constant at a rate of PM/(AL) Watts/cm3 along the
length (L = 400 cm) of the fuel assembly. In this approximation, the temperature profile
can be calculated as T = [1000PM/(Aa) { [-(zL) - z2/(2L 2)]L/(f0XZ)) + 1} 1/4"'K, where z
is negative and measured in centimeters downward from the top of the fuel assembly.
When z = -L, T(-L) = 600{P[1 + (0.8L/(X1z))l}/4'K. For P = 1 kW/tU, T(-L) = 2300 or
1700-C if (Xl) = 1 or 3 cm respectively.

59. Assume that a fuel rod has a length L, contains M = 2 kg of uranium, generates
decay heat at a rate of P watts/kgU, has a temperature Tma, at its top and that the water
level is at zw m (where z = 0 is the bottom of the fuel). In the approximation where the
heat rate along the length of the fuel is constant, the combined rate of input of heat into
the water from the submerged part of the fuel and from black body radiation impinging
on the water's surface will be P_ = PMzfL + Pbb-. The heat generation rate of the
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fuel above the water will be P, = PM(L - zw)/L. The cooling of the above-water fuel is
limited, however, by the availability of steam generated by the below-water fuel. The
rate of steam generation will be P_/2300 grams/sec. When z falls below the bottom of the
fuel assembly, P_ = Pbb-. We approximate Pbb- = (A/264)a(To + 273)4 where (A/264) =
2 cm 2 is the area in a fuel-assembly box for each of the 264 fuel rods and To is the
temperature at the bottom of the fuel assembly. In Spent Fuel Heatup Following Loss of
Water During Storage, Fig. B-i, it is estimated that To = 2000C at the point when Tm, =
900oC, i.e., when the fuel is about to fail. This gives Pbb- - 0.6 Watts. Assuming perfect
heat transfer, the steam will heat to a temperature Tma°C as it passes through the fuel
assembly and absorb approximately 2. i(Tm,,• -100) joules per gram. Therefore, in order
to remove the power P+ and maintain the above water fuel in equilibrium, it is necessary
that P, < 2.1(Tma,, -100)PbbJ/2300 M z- 0.3 WattsfkgU when Tm~a = 1200°C. This means
that the fuel has to be about 100 years old after discharge before steam cooling will
remain effective when the water level drops to the bottom of the fuel assembly.

60. For information on the strength of steel at high temperatures, see
http://www.avestapolarit.com/template/Page2171.asp, accessed Jan. 10, 2003. The
zircaloy tubes of a Canadian CANDU reactor slumped at 1200'C (see CANDU
Safety # 17-Severe Core Damage Accidents, V. G. Snell, Director Safety
& Licensing, httpJ/engphys.mcmaster.ca/canteach/techdoclib/CTTD-0014/CTTD-0014-
17/17of25.pdf, accessed Jan 10, 2003).

61. For a square box with inside dimensions of 0.225 m containing a fuel assembly
with 264 rods with diameters of 0.95 cm, [Analysis of Spent Fuel Heatup Following Loss
of Water in a Spent Fuel Pool: A Users' Manual for the Computer Code SHARP, Tables
2.1 and 2.2].

62. This can be derived from the gas momentum conservation equation, O(pv)/Ot +
O(pv2 )/Oz + PL = -OP/az - pg where p is the air density, v is its velocity, P is the pres-
sure, PL represents the pressure loss due to friction in the channel and g = 10 m/sec2

is the gravitational constant. For an equilibrium situation, the first term disappears.
Integrating from the bottom of the spent fuel (z = 0) to its top (z = L = 4 m) gives
pL(Va)2 _ po(vO) 2 + fL PLdZ = P(0) - P(L) - g fL pdz. Assuming that: the pressure is con-
stant across the top and bottom of the spent fuel, the gas velocity is constant below the
spent fuel, the air velocity is zero at the top of the down-comer, and neglecting friction
losses in the down-comer and beneath the spent fuel, we may subtract the momentum
conservation equation for the down-comer (dc) from that for the fuel assembly (fa) and
obtain P(VL)

2 + f0' PLdz = g f [Pdc - pfa]dz. As indicated in the text, we approximate po
- 1 kg/m3 , fL Pdddz ;Lpo, and f0 pfadz t 0.5 Lp0 . This gives PL(VL)2  0 fPLdz • 0.5 gp0 L
= 20joules/m3 .Noting that 8(pv)/Oz is a constant and that, at constant pressure, p - T-1,
where T is the absolute temperature, PLi(VL) 2 = po(Vo) 2(TL/TO), where TL = 1173 °K at the
ignition point. We assume that To = 100 °C = 373 'K. We then obtain 3.1(v0 )2 + f0pLdZ

= 20 joules/m3 and v0 - 2.5 m/s, if the PL term is neglected.
PL may be approximated as the sum of a loss term due to the constriction of the

air passing through the base-plate hole and surface friction within the fuel assembly,
f0LPLdz = Kopo(VO) 2 ± fLfpv 2dz/(2DH). Here Ko = 2(1-x)/x, x = (Ah/Af)

2
, Ah is the area of

the hole in the base-plate and Af - S 2 - 264 7r(D/2) 2 is the cross-sectional area of the air
flow inside the box around the fuel assembly. (S = 0.225 m is the inside width of the box
and D = 0.0095 m is the outside fuel-rod diameter). For a dense-pack arrangement with
a 5 inch [13 cm] hole in the base-plate, x ;- 0.15 and Ko ;- 11.3. In the second pressure-
loss term, L = 4m is the height of the fuel assembly, f is the friction factor, DH = 4 Af/Pw
is the "hydraulic diameter" of the channel, and P. = 4S + 264 zrD is the total perimeter
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of all the surfaces in the cross-section (Users' Manual for the Computer Code SHARP,
pp. 4-7, 4-16). For the fuel assembly in our example, DH -t 0.015 m. The friction factor
may be written as f = C/(Re)n, where Re = pv DH// is the Reynolds number, and it is
the viscosity of air (31 x 10-6 pascal-seconds at 600'K). The exponent n = 1 for laminar
flow (Re < 2100), which will be seen to be the case in the fuel assembly. The coefficient
C - 100 within the fuel assembly in the approximation where all rods are treated as
interior rods (ibid., p. 4-7, 4-16/17). Thus, fLPLdz = Kopo(vo) 2 

+ {C/d[2(DH)2 ]} f0Lvdz
Kopo(vo) 2 + 55v0 joules/m3 , where we have approximated fLvdz ; 2Lvo, where v0 is

the entrance velocity to the air at the base of the fuel assembly. If we add this friction
pressure term to the equation at the end of the paragraph above, we get 14.4(vo)2 

+

55 vo = 20 joules/m' or vo •- 0.33 m/sec.
An approximation of open-rack storage could be obtained by dropping the base-plate

constriction term (i.e., setting x = 1) and dropping the S in the perimeter term above.
Then, if the center-to-center spacing of the fuel assemblies is increased by a factor of
51/2 in going from dense-pack to an open-array spacing with a fuel-assembly density
lower by a factor of five, DH Z 0.1 m and the equation above becomes 3.1(Vo) 2 + 1.24
v0 = 20 joules/m3, or v0 = 2.3 m/sec, which would make it possible to cool a pool filled
with fuel generating about 100 KWt/tU. If the hot fuel were surrounded by cooler fuel
assemblies, cross flow from the cooler to the hot assemblies would provide still more
cooling.

63. Users' Manual for the Computer Code SHARP, Figs. 6.3 and 6.5. Our result ob-
tained in the previous footnote corresponds to the case for a wide (e.g., 8-inch or 20 cm)
downcomer and constant room temperature.

64. Spent Fuel Heatup Following Loss of Water During Storage, fig. 3, p. 85.

65. The 2001 Users' Manual for the Computer Code SHARP notes the availability of
only "limited data [from] one experiment ... in a three parallel channel setup" (p. 5-1).

66. Severe Accidents in Spent Fuel Pools in Support of Generic Safety Issue 82 by V. L.
Sailor, K. R. Perkins, J. R. Weeks, and H. R. Connell (Brookhaven National Laboratory,
NUREG/CR-4982; BNL-NUREG-52093, 1987), p. 52.

67. Op cit, pp. 52, 53, 63.

68. Complete blockage would, however, tend to quench the fire.

69. See, for example: J. H. Jo, P. F. Rose, S. D. Unwin, V. L. Sailor, K. R. Perkins and
A. G. Tingle, Value /Impact Analyses of Accident Preventive and Mitigative Options for
Spent Fuel Pools (Brookhaven National Laboratory, NUREG/CR-5281, 1989). Measures
discussed and rejected because of perceived lack of cost-benefit included low density
storage and water sprays. Management recommendations to reduce risk have been con-
sidered in, Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear
Power Plants.

70. To compute the 0.7 and 5 percent probabilities, we compared an investment of
$5 billion in dry storage casks (midpoint of our estimated $3.5-7 billion cost range)
with a range of estimated costs for spent fuel fires. In footnote 29 the median damages
(including cancer deaths at $4 million each) from a 10-100 percent release of 137Cs from
400 tons of spent fuel are estimated at $250-1700 billion. We discount these damages to
$100-750 billion because the risk would not be completely eliminated by the measures
that we propose and their mitigating effect could occur decades after the investment.
The 0.6 - 2.4 x 10-6 probability of a spent-fuel fire per pool-year estimated in Technical
Study of Spent Fuel Accident Risk at Decommissioning Nuclear Power Plants (Table 3.1)
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is equivalent to about 0.6 percent in 30 years for the 103 operating power reactors in
the U.S.

71. Spent Fuel Heatup Following Loss of Water During Storage, "Conclusions," p. 85.

72. Operating Experience Feedback Report, Assessment of Spent Fuel Cooling, NUREG-
1275, Vol. 12, p. 27.

73. Further discussion of defense in depth is provided in Robust Storage of Spent
Nuclear Fuel by Gordon Thompson (Institute for Resource and Security Studies,
Cambridge, MA, January 2003).

74. Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear
Power Plants, pp. 3-16 and Appendix 2C p. A2C-3 and -4.

75. Above, it was noted that an important motivation for moving the entire core into
the spent-fuel pool was the need to recalculate the subcriticality of the core in the reactor
pressure vessel ifthere are unplanned fuel movements. This problem deserves a separate
study of its own.

76. David Lochbaum, Union of Concerned Scientists, private communication, Jan. 9,
2003.

77. Assuming a thermal to electric power conversion efficiency of one third, an 85
percent capacity factor, and a fuel burnup of 47 MWd/kg. The Sandia study considered
fuel with a burnup of only 33 MWd/kgU. However, as can be seen from Figure 5, the
decay heat at short decay times (less than a year or so) is insensitive to the fuel burnup
because it is dominated by short-lived isotopes.

78. Fuel rod characteristics were for a Westinghouse 17 x 17-25 fuel assembly: ura-
nium density, 9.25 g/cc; pellet radius, 0.41 cm; gap between fuel pellet and cladding, 0.008
cm; clad thickness, 0.057 cm; and outside radius of cladding, 0.475 cm (Nuclear Fuel
International, Sept. 2001, pp. 24-25). Fuel composition as a function of burnup was cal-
culated with ORIGEN 2.1. Criticality calculations were carried out with the MCNP4B2
code.

79. For 4.4 percent enriched fuel with a burnup of 13.25 MWd/kgHM, introduction of
1 one-cm of borated stainless steel (one percent boron by weight) between rows of fuel
assemblies reduces the peak neutron multiplication factor kff from 1.33 to 0.91. Fresh
fuel would be barely critical (ketr = 1.05) for a spacing of about 2 cm.

80. Criticality control with soluble boron creates the danger, however, of a criticality
if a leaking pool is refilled with unborated water. Also, the water of BWRs must be free
of boron. The pressure vessel and connected plumbing of a BWR would therefore have
to be flushed after contact with boron-containing spent-fuel water.

81. Spent Fuel Heatup Following Loss of Water During Storage, p. 63.

82. Ibid.

83. Op cit., p. 79.

84. A flow of 1 liter/sec can be maintained in a steel pipe with 2.5 cm inside diameter
and a pressure drop of 0.015 atmosphere/m [ASHRAE Handbook: Fundamentals (Amer-
ican Society of Heating, Refrigeration and Air-conditioning Engineers, 2001), p. 35.6].

85. This may have been what a National Academy of Sciences committee had in mind
when it stated "emergency cooling of the fuel in the case of attack could probably be
accomplished using 'low tech' measures that could be implemented without significant
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exposure of workers to radiation" [Making the Nation Safer: The Role of Science and
Technology in Countering Terrorism (National Academy Press, 2002), p. 431. One of our
reviewers pointed out that a puncture hole in the stainless steel liner of the bottom of the
Hatch nuclear power plant spent fuel pool caused by a dropped 350-pound core-shroud
bolt in the mid 1990s was temporarily plugged with a rubber mat.

86. An interesting suggestion made by one of our reviewers also deserves further re-
search: add to the escaping water a material such as is used to seal water-cooled au-
tomobile engines. Such sealant works by solidifying when it comes into contact with
air.

87. The choice of age at transfer represents a tradeoff between cost and risk. We have
picked five years based on the capabilities of existing dry storage systems.

88. The U.S. has approximately 100 GWe of nuclear capacity or about 1 GWe of capacity
per spent-fuel pool. NAC projects that, in 2010, there will be 45,000 tons of spent fuel in
pools (US Spent Fuel Update: Year 2000 in Review (Atlanta, Georgia: NAC Worldwide
Consulting, 2001), i.e. an average of 450 tons per pool. In five years, a GWe of capacity
discharges about 100 tons of fuel.

89. 2002 Summary of US. Generating Company In-pool Spent Fuel Storage Capability
Projected Year that Full Core Discharge Capability Lost," (Energy Resources Interna-
tional, 2002, www.nei.org/documents/Spent-Fuel-Storage-Status.pdf, accessed Dec. 14,
2002).

90. On average 350 tons of spent fuel would have to be removed from each of 100 pools
(see note above). Spent fuel casks typically have a capacity of about 10 tons.

91. The dry storage casks currently licensed in the U.S. (http://www.nrc.gov/
reading-rm/doc-collections/cfr/part072/partO72-0214.html) are: thick-walled: General
Nuclear Systems Castor V/21; overpack: Nuclear Assurance Corp. http://www.
nacintl.com: NAC Storage/Transport (NAC SIT; NAC C-28 S/T); NAC Multipurpose
Cannister System (NAC-MPS); NAC Universal Storage System (NAC-UMS); Transnu-
clear (httpJ/www.cogema-inc.com/subsidiaries/transnuclear.html): NUHOMS horizon-
tal modular storage system; Transnuclear TN-24, TN-32, and TN-68 Dry Storage
Casks; Holtec http://www.holtecinternational.com: HI-STAR 100 and HI-STORM 100;
British Nuclear Fuel Limited Spent Fuel Management System W-150 storage cask;
and Pacific Sierra (now BNFL Fuel Solutions) Ventilated Storage Cask System VSC-
24 (http://www.bnfl.com). See also Information Handbook on Independent Spent Fuel
Storage Installations by M. G. Raddatz and M. D. Waters (Washington, DC: U.S. NRC,
NUREG-1571, 1996).

92. F. Lange and G. Pretzsch, Gesellschaft ffir Anlagen- und Reaktorsicherheit (GRS)
mbH; E. Hoermann, Dornier GmbH; and W. Koch, Fraunhofer Institute for Toxicology
and Aerosol Research, "Experiments to quantify potential releases and consequences
from sabotage attack on spent fuel casks," 13th International Symposium on the Pack-
aging and Transportation of Radioactive Material, Chicago Sept. 2001. Helium is often
used to fill dry casks because of its superior heat-transfer characteristics and for leak
detection. GNS-GNB did experiments in the 1980s to determine the temperature rise
if helium leaked out of a Castor cask and was replaced by air. It was found that the
maximum fuel rod temperature increased from about 400 to 4600 C.

93. Helmut Hirsch and Wolfgang Neumann, "Verwundbarkeit von CASTOR-Behfilteru
bei Transport und Lagerung," www.bund.net/lab/reddot2/pdf/studie-castorterror.rtf. (We
are grateful to Hirsch for providing a summary in English.)
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94. If the hole were not plugged, the U0 2 in the ruptured pins would begin to oxidize to
U30 8 , resulting in the pellets crumbling and releasing additional volatile fission prod-
ucts that could diffuse out of the hole ("History and actual status of aircraft impact and
anti-tank weaponry consequences on spent fuel storage installations").

95. A ceramic "Ballistic Protection System" was tested successfully on a CASTOR
cask by International Fuel Containers at the U.S. Army's Aberdeen Proving Grounds in
June 1998 (Klaus Janberg, "History and actual status of aircraft impact and anti-tank
weaponry consequences on spent fuel storage installations"). For a 100-ton cask, the
shield would weigh at least 50 tons.

96. "History and actual status of aircraft impact and anti-tank weaponry consequences
on spent fuel storage installations."

97. " the [6 cm] carbon steel liner 'balloons' and contracts the canister" ("Plane tough
storage" by Michael McGough and Charles Pennington, Nuclear Engineering Interna-
tional, May 2002). The simulation assumes that the steel will stretch up to 37% at a
stress of 30,000-70,000 psi (average of 3.4 x 108 pascals) without rupturing. The kinetic
energy of a 400-kg shaft traveling at a speed of 220 m/sec is about 107 joules. We have
checked the plausibility of this result using a simplified geometry in which a flat circular
sheet of steel 3.1 inches (8 cm) thick (taking into account the canister wall as well as
the liner) and 1 meter in radius is stretched into a cone by keeping its edges fixed and
pressing its center point in a direction perpendicular to the original plane of the sheet.
In order for the sheet to absorb 107 joules by stretching in this way, the center point
would have to be pushed about 0.3 meters.

98. Grenziuberschreitende UVPgemrnf3 Art. 7 UVP-RL zum Standortzwischenlager Bib-
lis; Bericht an das Osterreichische Bundesministerium fiur Land- und Forstwirtschaft
sowie an die Landesregierungen von Oberosterreich und Vorarlberg, Federal Environ-
ment Agency, Vienna, Austria, February 2002; as well as corresponding reports by the
Federal Environment Agency concerning the sites of Grafenrheinfeld, Gundremmingen,
Isar, Neckar and Philippsburg. (We are grateful to H. Hirsch for providing us with an
English summary of these reports.)

99. 3000 tons per year is the design capacity of the surface spent-fuel receiving facility
at Yucca Mountain (Daniel Metlay, U.S. Nuclear Waste Technical Review Board, private
communication, Nov 12, 2002). The rate of discharge of spent fuel from U.S. reactors is
likely to decline only slowly during the next decades. Eight plants have already received
20-year license extensions from the NRC, 14 more have applications for extension under
review, and, according the Nuclear Energy Institute, 26 more plan to apply for extensions
by 2005, http://www.nei.org/doc.asp?catnum=3&catid=286.

100. The design capacity would be for 40,000 tons of spent fuel. The fuel handling
capability would be about 200 casks or 2000 tonsU per year (Max De Long, Excel Energy,
personal communication, November, 2002).

101. NAC estimates that the end-2000 US inventory of spent fuel was 42,900 tons,
of which 2,430 tons was in dry storage. It estimates that the 2010 US inventory will
be 64,300 tons, of which 19,450 tons will be in dry storage [US. Spent Fuel. Update:
Year 2000 in Review (Atlanta, Georgia: NAC Worldwide Consulting, 2001)]. The small
increase in projected in-pool storage (4,400 tons) suggests that most U.S. spent-fuel pools
are already approaching their dense-packed capacity.

102. We have assumed an average fuel burnup during 2005-10 of 43 MWd/kgU (the
approximate average burnup in recent years), an average capacity factor of 0.85, and an
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average heat to electrical power conversion efficiency of one third. With these assump-
tions, the amount of spent fuel discharged in 5 years is simply 100P metric tons, where
P is the rated electrical generating capacity of the associated nuclear-power plant in
GWe.

103. The cask is made out of ductile cast iron and has the following dimensions and
weights: length, 5.45 m; outer diameter 2.44 m; cavity length, 4.55 m; cavity diameter,
1.48 m; wall thickness, 35 cm; empty weight, 104 tons; loaded weight 123 tons [Transport
and Storage Cask V/52 [GNS (Gesellschaft fuir Nuklear-BehAlter mbH, 1997), p. 2, 41.
The CASTOR V/52 is similar to the CASTOR V/19 and V/21 except for being designed
to accommodate internally 52 BWR fuel assemblies.

104. The metal canister in the NAC-UMS is made of stainless steel and can hold 24 PWR
fuel assemblies or 56 BWR fuel assemblies. It is about 4.7 meters high, 1.7 meters in
diameter, and has a wall thickness of 1.6 cm. The overpack is a reinforced-concrete
cylinder about 5.5 meters high and 3.5 meters outside diameter. The wall of this overpack
consists of a steel liner 6.4 cm thick and a layer of concrete 72 cm thick. Ambient air
passes through vents in the overpack, and cools the outside of the metal container by
natural convection.

105. NAC International could produce 180 casks per year within two-to-three
years (Charles Pennington, NAC International, personal communication, Novem-
ber, 2002). Holtec could currently produce 200 casks per year and could in-
crease this rate to about 300 casks per year (Chris Blessing, Holtec, private com-
munication, November, 2002). We assume 10 tons average storage capacity per
cask.

106. Based on discussions with cask manufacturers. The lower end of the range is for
thin-walled casks with reinforced-concrete overpack. The upper end is for monolithic
thick-walled casks equipped with missile shields.

107. Allison Macfarlane, "The problem of used nuclear fuel: Lessons for interim solu-
tions from a comparative cost analysis,' Energy Policy, 29 (2001) pp. 1379-1389.

108. Assuming a burnup of 43 MWd/kgHM and a heat-to-electric-energy conversion
ratio of one third.

109. Monthly Energy Review, September 2002 [U.S. Department of Energy, Energy In-
formation Administration, DOE/EIA-0035 (2002/09)], Table 9.9.

110. We thank one of our reviewers for pointing this out to us.

111. The walls and roof of the Gorleben building are about 50 and 15 cm thick reinforced
concrete respectively (from Klaus Janberg).

112. NAC estimates that, by 2010, the U.S. will have 19,450 tons of spent fuel in dry
storage (see note above). If we add 35,000 tons of older spent fuel from the storage pools,
the total will be about 55,000 tons or about 550 tons per GWe of U.S. nuclear generating
capacity.

113. The berms for the 300-cask site at the Palo Verde, Arizona nuclear power plant cost
$5-10 million (Charles Pennington, NAC, private communication, November 2002).

114. With new NRC guidelines (ISGl1, rev.2), which allow dry storage with peak
cladding temperature up to 400'C, it is expected that a variant can be fielded with
a capacity of 21 fuel assemblies with an average burnup of 60 MWd/tU (from Klaus
Janberg).



Reducing U.S. Stored Spent Reactor Fuel Hazards

115. In 2000, cask tests were being conducted with fuel burnups of up to 60 MWd/kgHM
(Susan Shankman and Randy Hall, "Regulating Dry Cask Storage," Radwaste Solutions,
July/August 2000, p. 10).

116. More than 25 nuclear power plants are today owned by such "limited-liability
corporations" and additional corporate reorganizations are expected [Financial Inse-
curity: The Increasing Use of Limited Liability Companies and Multi-Tiered Holding
Companies to Own Nuclear Power Plants, by David Schlissel, Paul Peterson and Bruce
Biewald (Synapse Energy Economics, 2002), p. 1].

117. Monthly Summary of Program Financial and Budget Information (Office of Civil-
ian Radioactive Waste Management, May 31, 2002). In 2001, U.S. nuclear power plants
generated 769 million megawatt-hours net (Monthly Energy Review, September 2002,
Table 8.1). With the enactment of the Gramm/HollingsfRudman Budget Act in 1987,
and the Budget Adjustment Act in 1990, the Nuclear Waste Fund ceased to be a stand-
alone revolving fund. However, fees are placed in the General Fund Account of the U.S.
Treasury and interest is accrued as if it were still a separate revolving account.

118. Nuclear Waste Fund Fee Adequacy: An Assessment (Department of Energy,
DOE/RW- 0534, 2001). The report concludes that the revenues in the nuclear waste fund
should be adequate but that there could be problems if interest rates fall significantly,
or DOE incurs high settlement costs from lawsuits, or costs increase significantly.

119. The DOE negotiated with one utility company (PECO/Exelon) to take title to their
spent fuel while it remained at the reactor and to pay for dry cask storage with money
from the Nuclear Waste Fund. The US Court of Appeals for the 11th Circuit ruled,
however, that DOE could not pay from the Fund to cover its own breach of its previous
commitment under the Nuclear Waste Policy Act of 1982 to begin moving spent fuel from
nuclear power plants to a deep underground repository by 1998 (Melita Marie Garza,
2002, "Exelon rivals win waste-suit round," Chicago Tribune, September 26, 2002 and
Matthew Wald, 2002, "Taxpayers to owe billions for nuclear waste storage," New York
Times, September 26, 2002.)
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Comments on: "Reducing the
Hazards from Stored Spent
Power-Reactor Fuel in the
United States"

Allan S. Benjamin

I am one of the reviewers of the paper entitled: "Reducing the Hazards from
Stored Spent Power-Reactor Fuel in the United States," and am also the prin-
cipal author of the Sandia report that is cited several times by the authors of
the paper. The subject of spent-fuel pool vulnerabilities is a very important one
in the present day environment, and I am pleased to be able to provide input. I
think the paper correctly points out a problem that needs to be addressed, i.e.,
the fact that a loss of water from a high-density spent-fuel pool could have seri-
ous consequences. However, I also believe the paper falls short of addressing all
the considerations that accompany the problem. Some of these considerations
could affect the results of the cost-benefit analysis that is used to justify the au-
thors' proposed solution: the re-racking of the pool to a low-density, open-lattice
arrangement and the removal of the older fuel to dry storage casks. In a nut-
shell, the authors correctly identify a problem that needs to be addressed, but
they do not adequately demonstrate that the proposed solution is cost-effective
or that it is optimal.

On the plus side of the assessment, I agree with the authors' analysis of
what would happen if there were a total loss of water from a high-density
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spent-fuel pool that is packed wall-to-wall with zirconium-clad fuel. If some
of that fuel had been recently discharged from a reactor core, there is not
much doubt that the release of fission products to the environment would be
significant. Our analyses in the referenced 1979 Sandia report did indeed show
that the hottest part of the pool would heat up to the point where the cladding
would first rupture and then ignite. Subsequent experiments we performed
with electrically heated zirconium tubes (not formally reported) showed that
there was a potential for a fire to propagate from hotter to colder fuel assem-
blies. It is not clear whether the fire would envelop the whole pool or just a part
of it, but either way, the result would be undesirable.

I agree in principle with the calculations in the paper regarding the poten-
tial consequences of such an accident, except that it is unlikely that the whole
inventory of fission products captured in the spent fuel would escape to the
environment or that the wind would blow in one direction only (as assumed in
the paper). Although there is clear evidence that some of the fuel would melt
in such a situation, we don't know how much. Since we don't, it is conservative
and appropriate to assume that a large fraction of the fission product inventory
could become released to the environment. Whether that fraction is 0.20 or 1.00
doesn't change the fact that the release would be unacceptable.

It is also correct to say, as the authors have pointed out, that the situation
could be even worse if enough water remained in the pool to cover the bottom
of the storage racks so that air could not circulate, but not enough water to act
as a significant heat sink for all of the decay heat produced by the fuel. This
point was also made in the Sandia report.'

The authors' assessment of probabilities of occurrence is also reasonable in
a bounding sense. They correctly point out that the likelihood of an accident
leading to a critical loss of water is very low (estimated by the NRC to be less
than one in 100,000 per pool per year). The probability of the same scenario
resulting from a terrorist attack is unknown, and so the authors postulate a
range of values. They point out, reasonably enough, that the upper end of the
range could be significantly higher than the value for a loss of water initiated
by an accident. I personally believe that the probability of a successful terrorist
attack is very low, and I will give my reasons in a moment. Notwithstanding,
the authors are correct in pointing out that the possibility of a terrorist attack
is an issue that requires serious attention.

The problem occurs when the authors assert that these figures prove the
cost effectiveness of their proposed solution. Before a judgment on cost effec-
tiveness can be made, a variety of additional considerations have to be taken
into account. These pervade all areas of the discussion: the calculation of the
probabilities of occurrence, the resulting consequences, the effectiveness of the
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proposed solution, the competing risks introduced by that solution, and the cost
of implementation.

Let's talk first about the probability of a successful terrorist attack. The
assumed situation is that the adversaries create a large hole in the spent-fuel
pool, near the bottom of the pool, without dispersing the fuel or significantly de-
forming the racking structure. That situation is very unlikely. Using explosives
or missiles, including the intentional crash of an aircraft, it would be difficult
to accomplish a loss of almost all the water in the pool without disrupting the
spent-fuel geometry. Significant damage to the racking structure or outright
dispersal of the fuel would create a geometry that is more coolable by air flow
and less susceptible to propagation of a zirconium fire than is the actual storage
geometry.

Moreover, it would be very difficult for adversaries to achieve enough water
loss by draining the pool even if they somehow gained direct access to the pool.
The drain valves and gates are all located high enough to prevent the water
from draining down to a dangerous level. As originally stated in the Sandia
report and acknowledged in the paper, something like 75% of the height of the
fuel rods would have to be uncovered for an overheating condition to result.

Gaining access to the pool in itself would be a very difficult proposition.
The adversaries would have to figure out a way to avoid being detected by the
on-site monitoring equipment and overcome by the on-site security forces. The
probability of success in this venture can be analyzed using existing tools, but
this has apparently not been done. Such tools exist at the company where I now
work, ARES, and at the laboratory where I used to work, Sandia. Both have
methods for identifying the pathways an adversary could take to a target and
evaluating the probability of success associated with each pathway.

The upshot is that more work needs to be done in accounting for how an
adversary's method of attack would change the initial conditions of the analysis,
and in evaluating the adversary's likelihood of success.

Now let's discuss the consequences of a loss-of-water incident, which ac-
cording to the paper could include "hundreds of billions of dollars" in property
loss. An accurate accounting of costs versus benefits requires a best-estimate
assessment of consequences, not a worst-case assessment. Normally, the evalu-
ation is accomplished by formulating probability distributions to reflect the full
range of radioactive releases that could emanate from the spent fuel pool and
the full range of meteorological conditions that could affect the dispersion of
that material. The most commonly-used result from this analysis is the mean
consequence, which is obtained by sampling the probability distributions in
a random fashion. It can reasonably be expected that the mean value of the
expected property loss would be considerably lower than the worst-case value.
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Let's now progress to the subject of evaluating the effectiveness of the pro-
posed solutions. The main one given in the paper is to remove all the fuel that is
more than five years old to dry storage casks and to re-rack the pool so that the
remaining, younger spent fuel can be contained in a widely-spaced, open-lattice
arrangement. The arguments in favor of that approach appear attractive. First,
it assures that air cooling would be effective even if all the water were drained
from the pool. Second, it reduces the inventory of the long-lived fission prod-
ucts remaining in the pool, so that even if all of them were dispersed to the
environment, the long-term effects would be sharply reduced.

Several important factors are not considered here. First, as mentioned
above, an adversary's attack involving an explosive, a missile, or an airplane
crash that is serious enough to create a big hole in the spent-fuel pool would
also probably disperse the fuel or at least rearrange the geometry. Therefore,
the final configuration would not necessarily be more coolable than that for a
high density pool subjected to the same insult. That leaves only the reduced
fission product inventory as a definitive point of difference that could reduce
the losses incurred from the event.

However, the results in the paper concerning radioactive contamination
are flawed by the fact that the shorter-lived radioisotopes are not considered.
Most notable among these are 131I, which has a half-life of 8 days, and '3 4 Cs,
which has a half-life of just over two years. Most of these radionuclides are
contained within the younger fuel that still remains in the spent-fuel pool.
While they do not contribute as highly to long-term property loss as the longer-
lived isotope, 1

37
Cs, they contribute more highly to early fatalities and latent

cancer fatalities. Thus, a true cost-benefit accounting of the proposed solution
must include consideration of these short-lived but very nasty radioisotopes.

Then there is the question of how effective the dry storage casks would be
over a long period of time. The paper correctly acknowledges that an airplane
crash into an array of dry storage casks could cause a release of radionuclides
to the environment. It also presumes that only a few of the many casks in
the array would be affected by the crash. Given the robust design of these
casks, these observations are probably correct. However, the paper has failed to
consider that many materials degrade or become brittle after a long exposure to
radioactivity. Degradation or embrittlement can lead to leakage. Cask leakage
has been a problem for some dry storage casks in the past, and the paper
should acknowledge this. In performing a cost-benefit analysis, the risk from
high probability, low consequence incidents, such as cask leakage, has to be
considered along with the risk from low probability, high consequence incidents.

Finally, one must consider the competing risks. The process of removing
such a large amount of fuel from the spent-fuel pool and transferring it to the
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dry storage casks carries its own set of hazards. During the transfer process,
both the probability of an accident and the degree of exposure in the event of a
potential terrorist attack are greater than before or after the transfer. The paper
suggests that the transfer would take place over a ten-year period. Someone
needs to look at the question of vulnerability during that period.

Another competing risk can be identified for the authors' proposed design
change, based on an earlier recommendation made in the Sandia report, to in-
stall emergency water sprays. The authors suggest that the hottest fuel should
be stored along the sides of the pool, where the spray would be heaviest even
if the building collapses on top of the pool. This argument ignores the fact that
heat removal by air cooling is most effective when the hottest fuel is stored
in the middle of the pool and the coolest fuel is stored along the sides. That
arrangement promotes natural convective air flow currents, whereas the one
being proposed in the paper inhibits them.

The question of implementation costs is one that I am not prepared to
address at the present time. I would note, however, that special consideration
needs to be given to the question of whether, on the basis of available space
and security requirements, on-site dry storage of so much fuel is feasible at all
reactor sites.

As a final but pivotal point, the evaluation of costs versus benefits should
consider all plausible alternative risk reduction options. Certainly one such
option is to accelerate the transfer of the spent fuel from spent-fuel pools directly
to a permanent underground storage site. The paper claims that this process
could take decades, given the controversial status of the Yucca Mountain project
and the current budgetary limitations. However, if there is a national security
issue at stake, Government projects can be accelerated. The Manhattan Project
is a good example. It may turn out that when all risks and costs are taken into
account, a direct transfer to underground storage is more cost-effective than a
temporary transfer to on-site storage casks and a re-racking of the spent-fuel
pools.

In summary, the authors are to be commended for identifying a problem
that needs to be addressed, and for scoping the boundaries of that problem.
However, they fall short of demonstrating that their proposed solution is cost-
effective or that it is optimal.

NOTE AND REFERENCE

1. Although most of the references made in the paper to the Sandia report are accurate,
in the version reviewed by me, the first paragraph in the Introduction made two incorrect
attributions. First, the accident evaluated in the Sandia study was a sudden loss of all
the water, not a "sudden loss of water cooling." Loss of the water cooling system would
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not result in the consequences cited by the authors since the water would remain as a
large heat sink. Second, the Sandia report did not state that the loss-of-water scenario
would lead to "the airborne release of massive quantities of fission products." Although
zircaloy burning and some fuel melting would certainly occur, the Sandia study stopped
short of evaluating, either qualitatively or quantitatively, the amount of fission products
that would be released. Both of these points have now been corrected in the final version
of the article.
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THE AUTHORS RESPOND TO
ALLAN BENJAMIN'S COMMENTS

Robert Alvarez, Jan Beyea, Klaus Janberg, Jungmin Kang,
Ed Lyman, Allison Macfarlane, Gordon Thompson,
Frank N. von Hippel

As the multiple references to it in our article attest, we have learned a great
deal from the pioneering work of Allan Benjamin et al, Spent Fuel Heatup
Following Loss of Water During Storage (NUREG/CR-0649; SAND77-1371 R-3,
1979). Indeed, many of our conclusions and recommendations essentially echo
those made in that report 24 years ago, but never implemented because the
probability of an accidental loss of water was estimated to be too low to justify
action.

Benjamin argues that we should have estimated the probability that sabo-
tage or terrorist attack might cause a loss of water. Indeed, he seems to suggest
that the probability can be calculated with some precision with methods that his
company offers. While we believe that systematic analysis is useful in identify-
ing vulnerabilities, we are skeptical about the predictive value of probabilistic
calculations-especially for malevolent acts.

We respond more briefly to Benjamin's other comments below:

Magnitude of the release of 13 7 Cs. We looked at 10 and 100 percent
releases-not just 100%.

Sensitivity to the constant-wind assumption. An estimate of the sensitiv-
ity of the contamination area to wind wander can be obtained by varying the
opening angle in the wedge model calculation. Increasing the opening angle
from 0.11 to 1 radians, for example, results in the area contaminated above
100 Ci/km2 increasing by about 20% for the 100% release and decreasing by
about a factor of 3 for the 10% release.

Feasibility of totally draining the pool through valves and gates. We
make no claim that this is possible. Rather we cite NRC staff concerns that a
number of pools could be drained below the top of the spent fuel. This would
result in very high radiation levels in the spent-fuel-pool building. Pools should
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therefore be equipped with sources of makeup water that can be turned on from
a remote location.

Probabilities that terrorist attacks would put dense-packed fuel into a
more coolable configuration and open-racked fuel into a less coolable
configuration. Benjamin makes both assertions. The first is far from obvious.
With regard to the second, we point out that the assumption that the geometry
of the spent fuel is not changed is a limitation of our analysis-as it is of all
other analyses of which we are aware. The NRC should commission studies of
the implications for coolability of potential changes in geometry.

Omission of 8-day halflife 1311 and 2-year halflife 134Cs in the conse-
quence calculations. Shorter-lived isotopes such as 131I and one-year half-
life 'l 6 Ru could make significant contributions to short-term doses downwind
from a spent-fuel-pool fire. However, our analysis was limited to the long-term
consequences of such an accident where, as the consequences of the Chernobyl
accident demonstrate, 30-year halflife 137 Cs is the principle concern because it
can force the evacuation of huge areas for decades.

Effectiveness of dry casks over the long term. We propose on-site dry-cask
storage for about 30 years of older spent fuel that would, according to current
plans, remain in pools for that length of time. Spent-fuel casks have already
been in use for about 20 years and there is no evidence that they cannot last
decades longer without significant deterioration.

Risks during spent-fuel transfer. We urge in the paper that these risks be
carefully examined and minimized before the transfer begins. However, the fuel
will have to be moved sooner or later in any case.

Availability of space for dry-cask storage. Nuclear power plants are sur-
rounded by exclusion areas that provide ample space for a few tens of additional
casks.

Acceleration of Yucca Mtn. Project. It would probably be counterproduc-
tive at this stage to try to significantly accelerate the licensing process of the
Yucca Mountain underground spent-fuel repository. It would be worth exploring
whether the delivery rate for spent-fuel could be increased above the current
design rate of 3000 tons per year. However, there are so many political uncer-
tainties associated with the transport of spent fuel to Yucca Mountain and so
many technical issues that still have to be decided in its design and licensing
process that speculation about possible acceleration should not be used as an
excuse to ignore the relatively straightforward interim on-site storage option
recommended in our paper.
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General Comment

This comment supplements a previous one I made, urging NRC to include in the scope of its EIS
the findings and conclusions contained in a Jan. 2003 report by Alvarez et al. entitled "Reducing
the Hazards from Stored Spent Power-Reactor Fuel in the United States." This report is attached
here.

At pages 17 to 18, the report states:

"In 2001, the NRC staff summarized the conclusions of its most recent analysis of the potential
consequences of a loss-of-coolant accident in a spent fuel pool as follows:

'[I]t was not feasible, without numerous constraints, to establish a generic decay heat level (and
therefore a decay time) beyond which a zirconium fire is physically impossible. Heat removal is
very sensitive to.. .factors such as fuel assembly geometry and SFP [spent fuel pool] rack
configuration... [which] are plant specific and.., subject to unpredictable changes after an
earthquake or cask drop that drains the pool. Therefore, since a non-negligible decay heat source
lasts many years and since configurations ensuring sufficient air flow for cooling cannot be
assured, the possibility of reaching the zirconium ignition temperature cannot be precluded on a
generic basis.' "

The authors provided the citation for the NRC study as: Technical Study of Spent Fuel Pool
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Accident Risk at
Decommissioning Nuclear Power Plants, NRC, NUREG-1738, 2001.

Elsewhere in the report, the authors explain that a refueling atomic reactor will often remove the
entire core of thermally hot irradiated nuclear fuel into its storage pool. Whereas a pool would
typically take up to 10 days, upon loss of water circulation, to boil down to the tops of the stored
irradiated nuclear fuel, such a full core offload of thermally hot fuel directly from a just-operating
reactor core into a storage pool could lower than boil down time to a single day. Once the tops of
the fuel assemblies are exposed to air, they could quickly overheat and catch fire, unleashing
catastrophic amounts of radioactivity.

Attachments
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General Comment mn
This comment is a supplement. Alvarez et al.'s Jan. 2003 study, in a section entitled "Inventories of
Cs-137 in Spent-Fuel Storage Pools" (pages 7-10), reports:

"The spent-fuel pools adjacent to most power reactors contain much larger inventories of [Cs- 137]
than the 2 MegaCuries (MCi) that were released from the core of Chernobyl 1000-Megawatt electric
(MWe) unit #4 or the approximately 5 MCi in the core of a 1000-MWe light-water reactor. A
typical 1 000-MWe pressurized water reactor (PWR) core contains about 80 metric tons of uranium
in its fuel, while a typical U.S. spent fuel pool today contains about 400 tons of spent fuel...(In this
article, wherever tons are referred to, metric tons are meant.) Furthermore, since the concentration
of [Cs- 137] builds up almost linearly with burnup, there is on average about twice as much in a ton
of spent fuel as in a ton of fuel in the reactor core. For an average cumulative fission energy release
of 40 Megawatt-days thermal per kg of uranium originally in the fuel (MWt-days/kgU) and an
average subsequent decay time of 15 years, 400 tons of spent power-reactor fuel would contain 35
megaCuries (MCi) of Cs-137. If 10-100% of the [Cs-137] in a spent-fuel pool, i.e., 3.5-35 MCi,
were released by a spent-fuel fire to the atmosphere in a plume distributed vertically uniformly
through the atmosphere's lower "mixing layer" and dispersed downwind in a "wedge model"
approximation under median conditions (mixing layer thickness of 1 kin, wedge opening angle of 6
degrees, wind speed of 5 m/sec, and deposition velocity of 1 cm/sec) then 37,000- 150,000 km2
would be contaminated above 15 Ci/km2, 6,000-50,000 km2 would be contaminated to greater than
100 Ci/km2 and 180-6000 km2 to a level of greater than 1000 Ci/km2...This corresponds to fire
durations of half an hour and 5 hours, respectively for fires that burn 10 or 100 percent of 400 tons

https ://www. fdms.gov/fdms-web-agency/component/contentstreamer?objectld=0900006481... 1/8/2013
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of spent fuel. Similar results were obtained for slower- burning fires with powers of 5 MWt."
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General Comment T1

This comment supplements my previous ones. '-[1 .%0

The study by Alvarez et al., "Reducing the Hazards from Stored Spent Power-R;ctor Fuel irihe
United States," Jan. 2003, goes on (page 10) to report:

"It will be seen in Table 1 that, for the 3.5 MCi release, the area calculated as contaminated above
100 Ci/km2 are 5-9 times larger than the area contaminated to this level by the 2 MCi release
from the Chernobyl accident. The reasons are that, at Chernobyl: 1) much of the Cs-137 was lifted
to heights of up to 2.5 km by the initial explosion and the subsequent hot fire and therefore carried
far downwind; and 2) the release extended over 10 days during which the wind blew in virtually
all directions. As a result, more than 90 percent of the [Cs-137] from Chernobyl was dispersed
into areas that were contaminated to less than 40 Ci/km2.

In contrast, in the wedge-model calculations for the 3.5 MCi release, about 50 percent of the [Cs-
137] is deposited in areas contaminated to greater than this level.

The projected whole-body dose from external radiation from [Cs- 137] to someone living for 10
years in an area contaminated to 100 or 1000 Ci/km2 would be 10-20 or 100-200 rem, with an
associated additional risk of cancer death of about I or 10 percent respectively. A 1 or 10 percent
added risk would increase an average person's lifetime cancer death risk from about 20 percent to
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21 or 30 percent."

The validity of Alvarez et al.'s findings were confirmed by no less than the National Academy of
Science. NAS's Public Report, "Safety and Security of Commercial Spent Nuclear Fuel," was
dated April 6, 2005. A copy of the full NAS report is posted online at
http://www.nirs.org/reactorwatch/security/securityhome.htm under its chronological date.

NAS's study put to rest any doubts about the danger we all face: nuclear waste stored in pools at
nuclear power plants is vulnerable to attack. NAS also pointed out that current dry storage is not
without its own vulnerabilities to attack.

Attachments

11_ Alvarez
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General Comment

I urge NRC to incorporate by reference all of the findings and conclusions, as well as the
empirical data, contained in the report by Robert Alvarez of Institute for Policy Studies entitled
"Spent Nuclear Fuel Pools in the US: Reducing the Deadly Risks of Storage." This report is dated
May 2011. A copy of the report, as well as a summary fact sheet, is attached.

The report shows that US irradiated nuclear fuel pools contain much larger quantities of hazardous
highly radioactive waste than do comparable storage pools in Japan. As but a few comparisons,
Fermi 2 in Michigan and Pilgrim in Massachusetts -- both General Electric Mark I Boiling Water
Reactors, just like Fukushima Daiichi Units 1 to 4 in Japan -- each contain more than 600 tons of
irradiated nuclear fuel in their "rooftop" storage pools, as compared to "just" 135 tons in the
storage pool at Fukushima Daiichi Unit 4. In fact, Fermi 2 and Pilgrim's pools currently store all
the irradiated nuclear fuel that has ever been generated at those sites.

However, despite containing significantly less waste than pools in the US, Fukushima Daiichi
Unit 4's pool is a case study in potential global cataclysm. The entire reactor building, damaged by
exposure to the 9.0 earthquake, the 45 foot tall tsunami, and a massive hydrogen gas explosion, is
badly damaged. In fact, the entire building is listing. Bulges have appeared in the walls. The floor
of the pool has had to be propped up with steel jacks. A large enough earthquake, perhaps as low
as Magnitude 7.0, may be the straw that breaks the camel's back. If the building, and its pool,
collapses, the pool's cooling water will drain away. The 135 tons of waste could then catch fire.

https://www. fdms.gov/fdms-web-agency/component/contentstreamer?objectld=0900006481 ... 1/8/2013
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Alvarez has stated that as much as 10 times the Cs-137 released by the Chemobyl catastrophe is
contained in Fukushima's Unit 4 pool. Arnie Gundersen of Fairewinds has estimated that
Fukushima has unleashed half the Cs- 137 of Chemobyl. Thus, a pool fire at could dwarf 201 1's
releases.

Attachments

spentnuclear-fuelpoolsintheUS[1]

IPS-RA-Report-FactSheet-web[ 1 ]
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Summary

s Japan's nuclear crisis continues, this report

details the nature and extent of radioactive

spent fuel stored at nuclear reactors across

the United States and how it can be made less hazardous.

U.S. reactors have generated about 65,000

metric tons of spent fuel, of which 75 percent is stored

in pools, according to Nuclear Energy Institute data.

Spent fuel rods give off about 1 million rems (10,OOSv)

of radiation per hour at a distance of one foot - enough

radiation to kill people in a matter of seconds. There are

more than 30 million such rods in U.S. spent fuel pools.

No other nation has generated this much radioactivity

from either nuclear power or nuclear weapons produc-

tion.

Nearly 40 percent of the radioactivity in U.S.

spent fuel is cesium-137 (4.5 billion curies) - roughly

20 times more than released from all atmospheric

nuclear weapons tests. U.S. spent pools hold about

15-30 times more cesium-137 than the Chernobyl ac-

cident released. For instance, the pool at the Vermont

Yankee reactor, a BWR Mark I, currently holds nearly

three times the amount of spent fuel stored at Dai-Ichi's

crippled Unit 4 reactor. The Vermont Yankee reactor

also holds about seven percent more radioactivity than

the combined total in the pools at the four troubled

reactors at the Fukushima site.

Even though they contain some of the larg-

est concentrations of radioactivity on the planet, U.S.

spent nuclear fuel pools are mostly contained in ordi-

nary industrial structures designed to merely protect

them against the elements. Some are made from ma-

terials commonly used to house big-box stores and car

dealerships.

The United States has 31 boiling water reactors

(BWR) with pools elevated several stories above ground,

similar to those at the Fukushima Dai-Ichi station. As

in Japan, all spent fuel pools at nuclear power plants do

not have steel-lined, concrete barriers that cover reactor

vessels to prevent the escape of radioactivity. They are

not required to have back-up generators to keep used

fuel rods cool, if offsite power is lost. The 69 Pressurized

Water (PWR) reactors operating in the U.S. do not have

elevated pools, and also lack proper containment and

several have large cavities beneath them which could

exacerbate leakage.

For nearly 30 years, Nuclear Regulatory

Commission (NRC) waste-storage requirements have

remained contingent on the opening of a permanent

waste repository that has yet to materialize. Now that

the Obama administration has cancelled plans to build

a permanent, deep disposal site at Yucca Mountain in

Nevada, spent fuel at the nation's 104 nuclear reactors

will continue to accumulate and are likely remain onsite

for decades to come.

According to Energy Department data:

The spent fuel stored at 28 reactor sites have

between 200-450 million curies of long-

lived radioactivity;



Institute for Policy Studies

* 19 reactor sites have generated between

100-200 million curies in spent fuel; and,

0 24 reactor sites have generated about 10-

100 million curies.

Over the past 30 years, there have been at

least 66 incidents at U.S. reactors in which there was

a significant loss of spent fuel water. Ten have occurred

since the September 11 terrorist attacks, after which

the government pledged that it would reinforce nuclear

safety measures. Over several decades, significant corro-

sion has occurred of the barriers that prevent a nuclear

chain reaction in a spent fuel pool'- some to the point

where they can no longer be credited with preventing a

nuclear chain reaction. For example, in June 2010, the

NRC fined Florida Power and Light $70,000 for failing

to report that it had been exceeding its spent fuel pool

criticality safety margin for five years at the Turkey Point

reactor near Miami. Because of NRC's dependency on

the industry self-reporting problems, it failed to find

out that there was extensive deterioration of neutron

absorbers in the Turkey Point pools and lengthy delays

in having them replaced.

There are other strains being placed on crowd-

ed spent fuel pools. Systems required to keep pools

cool and clean are being overtaxed, as reactor operators

generate hotter, more radioactive, and more reactive

spent rods. Reactor operators have increased the level

of uranium-235, a key fissionable material in nuclear

fuel to allow for longer operating periods. This, in turn,

can cause the cladding, the protective envelope around

a spent fuel rod, to thin and become brittle. It also

builds higher pressure from hydrogen and other radio-

active gases within the cladding, all of which adds to the

risk of failure. The cladding is less than one millimeter

thick (thinner than a credit card) and is one of the most

important barriers preventing the escape of radioactive

materials.

The April 26, 1986 nuclear catastrophe at Cher-

nobyl in Ukraine illustrated the damage cesium- 137 can

wreak. Nearly 200,000 residents from 187 settlements

were permanently evacuated because of contamination

by cesium-137. The total area of this radiation-control

zone is huge. At more than 6,000 square miles, it is

equal to about two-thirds the area of the State of New

Jersey. During the following decade, the population of

this area declined by almost half because of migration to

areas of lower contamination.

I co-authored a report in 2003 that explained

how a spent fuel pool fire in the United States could

render an area uninhabitable that would be as much as

60 times larger than that created by the Chernobyl ac-

cident. If this were to happen at one of the Indian Point

nuclear reactors located 25 miles from New York City, it

could result in as many as 5,600 cancer deaths and $461

billion in damages.

The U.S. government should promptly take

steps to reduce these risks by placing all spent nuclear

fuel older than five years in dry, hardened storage casks

- something Germany did 25 years ago. It would take

about 10 years at a cost between $3.5 and $7 billion

to accomplish. If the cost were transferred to energy

consumers, the expenditure would result in a marginal

increase of less than 0.4 cents per kilowatt hour for con-

sumers of nuclear-generated electricity.

Another payment option is available for secur-

ing spent nuclear fuel. Money could be allocated from
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$18.1 billion in unexpended funds already collected

from consumers of nuclear-generated electricity under

the Nuclear Waste Policy Act to establish a disposal site

for high-level radioactive wastes.

After more than 50 years, the quest for perma-

nent nuclear waste disposal remains illusory.

One thing, however, is clear, whether we like

it or not: the largest concentrations of radioactivity on

the planet will remain in storage at U.S. reactor sites

for the indefinite future. In protecting America from

nuclear catastrophe, safely securing the spent fuel by

eliminating highly radioactive, crowded pools should

be a public safety priority of the highest degree.

With a price tag of as much as $7 billion, the

cost of fixing America's nuclear vulnerabilities may

sound high, especially given the heated budget debate

occurring in Washington. But the price of doing too

little is incalculable.

3
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Introduction

s the nuclear crisis at the Dai-Ichi reactors

in Japan's Fukushima prefecture continue

to unfold, the severe dangers of stored spent

nuclear fuel in pools are taking center stage. It is now

clear that at least one spent fuel pool lost enough water

to expose highly radioactive material, which then led

to a hydrogen explosion and a spent fuel fire that de-

stroyed the reactor building of the Unit 4. Radioactive

fuel debris was expelled up to a mile away.1 A second

pool at Unit 3 experienced significant damage from a

hydrogen explosion from the venting of the reactor vessel

(Figures 1, 2, 3 and 4).

In a desperate effort to prevent another explo-

sion and catastrophic fire, lead-shielded helicopters and

water cannons dumped thousands of tons of water onto

Unit 4's pool.2 Nearly two months later, the pool re-

mains close to boiling and is still emitting high doses of

radiation. Pool water sampling indicates that the spent

fuel rods are damaged to the point where uranium fis-

sion is taking place.3 Spent fuel pools at two of the Fu-

kushima Dai-Ichi reactors are exposed to the open sky.

On April 12, the Japanese government an-

nounced that the Dai-Ichi nuclear disaster in Fukushi-

Uigtire I: Explosion Sequence at Reactor No.
NNLIR-11 1:1, 2011

Source: Associated Press/NTV.
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Fiýgtll'e 2: Reactor No. 3 Spent Fuel Pool Area

Source: Air Photo Service Co. Ltd., Japan, March 24, 2011

Figure ,I: Hydrogen Explosion at Reactor Poot No. 4
NLII-Ch 15ý 2011

Source: ABC Tv/EPA
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Fil")UIV 4: Destruction at Reactor No. 4 P001

Source: Associated Press

ma was as severe as the 1986 Chernobyl accident. Ac-

cording to Japan's Nuclear and Industrial Safety Agency,

between March 11 and early April, between 10 and 17

million curies (270,000 - 360,000 TBq) of radioiodine

and radiocesium were released to the atmosphere - an

average of 417,000 curies per day. 'he average daily

atmospheric release after between April 5 and 25 was

estimated at 4,200 curies per day (154 TBq). The radio-

activity discharged into the sea from Unit 2 alone was

estimated at 127,000 curies (4,700 TBq).5

Implications for the United

States

This tragic event is casting a spotlight on the

spent fuel pools at U.S. nuclear reactors, which store

some of the largest concentrations of radioactivity

on the planet. For nearly 30 years, Nuclear Regula-

tory Commission waste-storage requirements have been

contingent on the timely opening of a permanent waste

repository. This has allowed plant operators to legally

store spent fuel in onsite cooling pools much longer,

and at higher densities (on average four times higher),

than was originally intended. Spent fuel pools were

designed to be temporary and to store only a small

fraction of what they currently hold.

"Neither the AEC [Atomic Energy Com-

mission, now the Energy Department] nor utilities

anticipated the need to store large amounts of spent

fuel at operating sites," said a report by Dominion

Power, the owner of the Millstone nuclear reactor in

Waterford, Connecticut in October 2001. "Large-

scale commercial reprocessing never materialized in

the United States. As a result, operating nuclear sites

were required to cope with ever-increasing amounts

of irradiated fuel... This has become a fact of life for

nuclear power stations."

The spent fuel stockpiled at U.S. nuclear

reactors holds between five and ten times more long-

lived radioactivity than the reactor cores themselves.

The underlying assumption of the NRC policy al-

lowing for expanded pool storage is that in the near
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future the government will permanently dispose of it

all, as required under the 1982 Nuclear Waste Policy

Act. As a result, only 25 percent of the 65,000 metric

tons of America's spent fuel is stored in dry casks today.

Without decisive action, the problem will only

grow larger and more dangerous. U.S. nuclear reactors

generate about 2,000 metric tons of spent fuel each year.

The Obama administration has canceled long-

contested plans to develop a permanent, deep disposal

site at Yucca Mountain in Nevada. The prospects for

establishing a disposal site for spent fuel are increasingly

dim. Without decisive action, spent fuel at the nation's

nuclear reactors will accumulate and remain onsite for

decades to come.
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Spent Nuclear Fuel Stored in U.S. Reactors

here are 104 U.S. commercial nuclear reactors

operating at 64 sites in 31 states that are hold-

ing some of the largest concentrations of ra-

dioactivity on the planet in onsite spent fuel pools. The

pools, typically rectangular or L-shaped basins about 40

to 50 feet deep, are made of reinforced concrete walls

four to five feet thick and stainless steel liners. Basins

without steel liners are more susceptible to cracks and

corrosion. Most of the spent fuel ponds at boiling water

reactors are housed in reactor buildings several stories

above ground. Pools at pressurized water reactors are

partially or fully embedded in the ground, sometimes

above tunnels or underground rooms.

According to estimates provided by the Depart-

ment of Energy, as of this year this spent fuel contains

a total of approximately 12 billion curies of long-lived

radioactivity (Table 1).6 Of the 65,000 metric tons esti-

mated by the Nuclear Energy Institute to be generated

by the end of 2010, 75 percent is in pools, while the

remainder is in dry storage casks. Several of these reac-

tors are located in earthquake zones (Figure 5).

The Energy Department provided this esti-

mate in 2002 to project the amount of spent fuel that

would be placed in a geologic repository - a failed plan

predicated on the presumption that such a site would

Figure 5: U.S. Nuclear Power Rea'tors ill Fýarthqtlake X()11('S

Source: Greenpeace
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Isotope Half Life
(years)

Radioactivity
(ci)

Isotope Half Life
(years)

Radioactivity
(ci)

Hydrogen-3 12.3 10,200,000 Promethium-147 2.6 18,000,000

Carbon-14 5,700.0 95,000 Europium-154 8.6 120,000,000

Chlorine-36 30,000.0 750 Europium-1 55 4.8 22,000,000

Iron-55 2.7 420,000 Actinium-227 2.2 1

Colbalt-60 5.3 27,000,000 Thorium-230 75,000.0 18

Nickel-63 100.0 22,000,000 Protactinium-231 33,000.0 2

Selenium-79 64,000.0 30,000 Uranium-232 69.0 2,600

Krypton-85 10.7 150,000,000 Uranium-233 69.0 4

Strontium-90 29.0 3,000,000,000 Uranium-234 250,000.0 84,000

Zirconium-93 1,500,000.0 160,000 Uranium-235 720,000,000.0 1,000

Niobium-93m 16.0 110,000 Uranium-236 23,000,000.0 18,000

Niobium-94 24,000.0 56,000 Uranium-238 4,500,000,000.0 20,000

Technetium-99 210,000.0 950,000 Plutonium-241 14.0 3,200,000,000

Rutherium-106 1.0 4,700 Plutonium-238 88.0 240,000,000

Palladium-107 6,500,000.0 8,800 Americium-243 7,400.0 1,900,000

Cadmium-133m 14.0 1,500,000 Americium-242/242m 140.0 1,600,000

Antimony-125 2.8 3,600,000 Curium-242 0.5 1,300,000

Tin-126 1,000,000.0 59,000 Curium-243 29.0 1,300,000

Iodine-129 17,000,000.0 2,400 Plutonium-242 380,000.0 140,000

Cesium-134 2.1 5,800,000 Neptunium-237 2,100,000.0 30,000

Cesium-135 2,300,000.0 36,000 Curium-245 8,500.0 29,000

Cesium-137 30.0 4,500,000,000 Curium-246 4,800.0 6,300

Total: 12,000,000,000 ci

Source: DOE/EIS-0250, Appendix A

have ultimately been established by January 1998. The

government's estimate of radioactivity in spent fuel is

lower than actual amounts at reactors because it does

not include other isotopes that have decayed away after

23 years and only includes long-lived radioactivity with

half-lives ranging from tens of years to millions of years.

The actual amount of radioactivity in spent fuel at U.S.

reactors is higher because of higher "burn-ups" than

DOE's estimate and the constant generation of shorter-

lived isotopes.7

There are 69 pressurized-water reactors

(PWRs) and 35 boiling-water reactors (BWRs) across

the country. In addition, there are 14 previously operat-
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ing light-water-cooled power reactors in various stages

of decommissioning. As Figure 6 shows, about 50 U.S.

nuclear reactors - nearly half of them - are in earth-

quake zones.

Some of these reactors share spent-fuel pools,

so that there are a total of 65 PWR and 35 BWR pools.

There are 31 Mark I and II BWRs in the United States

that built with same basic design of the Dai-Ichi reac-

tors in Fukushima. They have elevated pools - some

70-80 feet above ground.8 Figures 6 and 7 show dia-

grams of "generic" pressurized water reactor (PWR) and

boiling water reactors Mark I and II (BWR Mark I and

II) spent-fuel pools. Pools at pressurized water reactors

- representing about two-thirds of all pools - are

partially or fully embedded in the ground, sometimes

above tunnels or underground rooms.

Spent fuel pools at nuclear reactors contain a

substantially larger inventory of irradiated fuel than the

reactors. Typical 1,000-megawatt PWR and BWR reac-

tor cores contain about 80 metric tons and 155 metric

tons10 respectively, while their pools typically contain

400 to 500 metric tons.' About 40 percent of the total

Fill)tll-e 8: SPent Fuel Asseniblies ill Pools at the Dai-lchi Nuclear Complex ill
1"Likushinia and 111dVidUal U.S. Boiling Water Reýl(!.tors
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radioactivity in spent fuel (4.5 billion curies) for both

designs is from cesium-137. This is about four to five

times the amount of cesium- 137 in their reactor cores.

For example, Vermont's Yankee boiling water Mark I

reactor holds nearly three times the amount of spent

fuel that was stored in the pool at the crippled Fuku-

shima Dai-Ichi Unit 4 reactor (Figure 8).

Spent fuel at U.S. nuclear reactors contains

roughly 20 times more cesium-137 than was released

by more than 650 atmospheric nuclear weapons tests

throughout the world."

Based on estimates provided by the Energy De-

partment there are:

* 28 reactor sites that have generated spent

fuel containing about 200-450 million cu-

ries of radioactivity (Figure 9);

0 19 reactor sites that have generated spent

fuel containing about 10- 100 million curies

of radioactivity (Figure 10); and

0 24 reactor sites that have generated about

10-100 million curies (Figure 11).
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Figure lo: Spent Fuel Inventories Between loo - 200 million curies
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High-density spent fuel pool storage at U.S. In 1982, after embarrassing failures by the

nuclear reactors is soon to reach its maximum capacity Atomic Energy Commission (the predecessor of the

(Figure 12). The government and the private corpora- Nuclear Regulatory Commission and the Energy De-

tions that own the nation's nuclear reactors have treated partment) to select a disposal site on its own, Congress

the storage of spent fuel as an afterthought for years. enacted the Nuclear Waste Policy Act, which began

They presumed that a safer system for disposal was the selection process for multiple sites throughout the

would be established no later than 1998, as mandated United States. This process was scrapped five years

by the 1982 Nuclear Waste Policy Act. Before President later due to eastern states derailing the selection pro-

Obama terminated the Yucca Mountain disposal proj- cess. Congress then voted to make Yucca Mountain in

ect, which was slated to open in 2020, the opening date Nevada the only site to be considered. Yet Yucca's pro-

had slipped by over two decades. posed opening date slipped by more than 20 years as the

13
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project encountered major technical hurdles and fierce

local and state opposition.

In January 2010, President Barack Obama

cancelled plans to build the Yucca Mountain site and

formed the Blue Ribbon Commission on America's

Nuclear Future. The commission is tasked with reboot-

ing the country's five-decade-plus effort to manage its

high-level radioactive waste. It is scheduled to provide

interim recommendations by the summer of this year

and a final report by January 2012. It is reviewing the

government's management of the nuclear fuel cycle and

is to consider all alternatives for the storage, processing,

and disposal of used nuclear fuel, high-level waste, and

other hazardous materials derived from nuclear activi-

ties. Among the commission's top priorities is to make

recommendations regarding U.S. policy for the storage

of spent fuel at U.S. nuclear reactors.

In the wake of Japan's unfolding nuclear crisis,

the United States needs a new policy that takes into ac-

count the likelihood of the indefinite storage of spent

fuel at nuclear reactors.
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U.S. Regulation of Spent Nuclear Fuel

s in Japan, U.S. spent nuclear fuel pools are

not required to have "defense-in-depth" nu-

clear safety features. They are not under the

heavy containment that covers reactor vessels. Reactor

operators are not required have back-up power supplies

to circulate water in the pools and keep them cool, if

there is a loss of off-site power. In the recent past some

U.S. reactor control rooms lacked instrumentation

keeping track of the pools' water levels. At one reactor,

water levels dropped to a potentially dangerous level af-

ter operators failed to bother to look into the pool area.

Some reactors may not have necessary water restoration

capabilities for pools. Quite simply, spent fuel pools at

nuclear reactors are not required to have the same level

of nuclear safety protection as reactors.

Between 1981 and 1996, the NRC reported

that there were at least 56 events that resulted in the loss

of spent fuel coolant. Several events lasted for more than

24 hours. The majority of the losses occurred through

connective systems involving the transfer of spent fuel

from the reactor or to casks. Seven losses occurred from

leakage in pool liners. Large losses also occurred though

gates and seals connected to the fuel cavity pool in

which spent fuel is discharged. Here is how the NRC

summed up one such incident in Connecticut: "At

Haddam Neck on August 21, 1984, the seal failed, and

about 200,000 gal [gallons] of water was drained to the

containment building in about 20 min [minutes]."'' 2

Since that time, at least 10 instances of spent

fuel cooling water losses have occurred. Two involved

pool liner leaks. 3

Reactor operating cycles have been doubled

from 12 to 24 months in order to generate more elec-

tricity. As a result, more spent fuel with higher radio-

activity and thermal heat is being offloaded into ever-

more-crowded pools during each refueling outage. This

places a strain on pool cooling and cleaning systems

making spare pumps and heat exchangers operate for

periods far longer than originally intended.

High-density racks in spent fuel pools pose po-

tential criticality safety concerns with aluminum-borate

panels that allow spent fuel rods to be more closely

packed. Since 1983, several incidents have occurred

with these panels in which the neutron-absorbing ma-

terials bulged, causing spent fuel assemblies, containing

dozens of rods each, to become stuck in submerged

storage racks in the pools. This problem could lead to

structural failures in the storage racks holding the spent

fuel rods in place. According to the NRC: "It was dis-

covered upon investigation that there had been water

ingress into the stainless steel sandwich, and the alu-

minum in the Boral [neutron absorbing material] had

reacted chemically with the water to produce hydrogen

gas and aluminum oxide. The hydrogen gas pressure

had built up to the point where the stainless steel clad-

ding bulged." Blisters were also found to be forming

on the panels.' 4 This problem remains ongoing.' 5 The

problem has worsened to the point where degradation

of neutron absorbers have reach the point in some reac-

tors where they can no longer be relied on to prevent a

criticality. The corrosion, in turn is releasing particles

in the water placing an additional strain on pool water

cleaning systems.

16
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According to the NRC in May 2010:

The conservatism/margins in spent fuel pool

(SFP) criticality analyses have been decreas-

ing.. .The new rack designs rely heavily on

permanently installed neutron absorbers to

maintain criticality requirements. Unfortunate-

ly, virtually every permanently installed neutron

absorber, for which a history can be established,

has exhibited some degradation. Some have lost

a significant portion of their neutron absorbing

capability. In some cases, the degradation is so

extensive that the permanently installed neutron

absorber can no longer be credited in the critical-

ity analysis [emphasis added]. 16

In January 2010, the NRC reported that neu-

tron absorber material in the spent fuel pool at the Tur-

key Point Reactor near Miami, Florida had degraded

to the point where protection against a chain reaction

could not be assured. According to NRC, "this find-

ing was more than minor because the design control

attribute that assured fuel assemblies remain subcriti-

cal in the spent fuel pool was affected."17 In effect, the

spent fuel pool at Turkey Point had exceeded its critical-

ity safety margin for some five years before the NRC

discovered this problem."8

Equipment installed to make high-density

pools safe actually exacerbates the danger that they will

catch on fire, particularly with aged spent fuel. In high-

density pools at pressurized water reactors, fuel assem-

blies are packed about nine to 10.5 inches apart,-i just

slightly wider than the spacing inside a reactor. To com-

pensate for the increased risks of a large-scale accident,

such as a runaway nuclear chain reaction, pools have

been retrofitted with enhanced water chemistry con-

trols and neutron-absorbing panels between assemblies.

The extra equipment restricts water and air

circulation, making the pools more vulnerable to sys-

temic failures. If the equipment collapses or fails, as

might occur during a terrorist attack, for example, air

and water flow to exposed fuel assemblies would be ob-

structed, causing a fire, according to the NRC's report.

Heat would turn the remaining water into steam, which

would interact with the zirconium, making the problem

worse by yielding inflammable and explosive hydrogen.

As a result, the NRC concluded that "it is not feasible,

without numerous constraints, to define a generic decay

heat level (and therefore decay time) beyond which a

zirconium fire is not physically possible."
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Consequences of a Spent Fuel Pool Fire

For the past 30 years, nuclear safety research

has consistently pointed out that severe accidents could

occur at spent fuel pools resulting in catastrophic con-

sequences. A severe pool fire could render about 188

square miles around the nuclear reactor uninhabitable,

cause as many as 28,000 cancer fatalities, and spur $59

billion in damage, according to a 1997 report for the

NRC by Brookhaven National Laboratory done for the

NRC.

If the fuel were exposed to air and steam, the

zirconium cladding would react exothermically, catch-

ing fire at about 800 degrees Celsius. Particularly wor-

risome is the large amount of cesium-137 in spent fuel

pools, which contain anywhere from 20 to 50 million

curies of this dangerous isotope. With a half-life of 30

years, cesium-137 gives off highly penetrating radiation

and is absorbed in the food chain as if it were potassium.

As much as 100 percent of a pool's cesium 137 would

be released into the environment in a fire, according to

the NRC.

While it's too early to know the full extent of

long-term land contamination from the accident at the

Dai-Ichi station in Fukushima, fragmentary evidence

has been reported of high cesium-137 levels offsite. The

Nuclear Regulatory Commission also has reported that

spent fuel fragments from the explosion the Unit 4 pool

were found a mile away.

The damage from a large release of fission

products, particularly cesium-137, was demonstrated

at Chernobyl. More than 100,000 residents from 187

settlements were permanently evacuated because of

contamination by cesium-137. The total area of this

radiation-control zone is huge: more than 6,000 square

miles, equal to roughly two-thirds the area of the State

of New Jersey (Figure 13). During the following decade,

the population of this area declined by almost half be-

cause of migration to areas of lower contamination.

2003 Study

In the summer of 2002, the Institute for Policy

Studies helped organize a working group including ex-

perts from from academia, the nuclear industry, former

government officials, and non-profit research groups

to perform in in-depth study of the vulnerabilities of

spent power reactor fuel pools to terrorist attacks. By

January 2003, our study was completed and accepted

for publication in the peer-review journal Science and

Global Security. 9

We warned that U.S. spent fuel pools were vul-

nerable to acts of terror. The drainage of a pool might

cause a catastrophic radiation fire, which could render

an area uninhabitable much greater than that created by

the Chernobyl accident (Figure 14).20

In addition to terrorist acts, there are several

events could cause a loss of pool water, including leak-

age, evaporation, siphoning, pumping, aircraft impact,

earthquake, the accidental or deliberate drop of a fuel

transport cask, reactor failure, or an explosion inside or
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outside the pool building. Industry officials maintain

that personnel would have sufficient time to provide an

alternative cooling system before the spent fuel caught

fire. But if the water level dropped to just a few feet

above the spent fuel, the radiation doses in the pool

building would be lethal - as was demonstrated by

the loss of water in at least two spent fuel pools at the

Fukushima Dai-Ichi nuclear power station.

The NRC and nuclear industry consultants

disputed the paper, which prompted Congress to ask

the National Academy of Sciences to sort out this con-

troversy.

In 2004, the Academy reported that U.S. pools

were vulnerable to terrorist attack and to catastrophic

fires. According the Academy:
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"A loss-of-pool-coolant event resulting from

damage or collapse of the pool could have

severe consequences... It is not prudent to dis-

miss nuclear plants, including spent fuel stor-

age facilities as undesirable targets for terror-

ists... under some conditions, a terrorist attack

that partially or completely drained a spent fuel

pool could lead to a propagating zirconium

cladding fire and release large quantities of ra-

dioactive materials to the environment.. .Such

fires would create thermal plumes that could

potentially transport radioactive aerosols hun-
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dreds of miles downwind under appropriate

atmospheric conditions."21

The NRC's response to this was to attempt to

block the release of the Academy's report.

To reduce this hazard we recommended that all

U.S. spent fuel older than five years should be placed in

dry, hardened storage containers, greatly reducing the

fire risk if water was drained from reactor cooling pools

(Figure 15).

These steps were taken by the German nuclear

industry 25 years ago, after several jet crashes and ter-

rorist acts at non-nuclear locations. In March 2010,

NRC Chairman Gregory Jaczko told industry officials

at an NRC-sponsored conference that spent fuel should

be primarily stored in dry, hardened, and air-cooled

casks that met safety and security standards for several

centuries. Yet today, only 25 percent of the 65,000 met-

ric tons of domestic spent fuel is stored in such casks.

Nuclear reactor owners only resort to using dry

casks when they can no longer fill the spent fuel pools.

Based on this practice, reactor pools will be still hold

enormous amounts of radioactivity, well more than

original designs for decades to come.

In this regard, the National Academy panel also

agreed that dry casks are safer than pools, but the safety

and security of these casks needed improvement.

"Dry cask storage for older, cooler spent fuel

has two inherent advantages over pool storage:
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It is a passive system that relies on natural air

circulation for cooling; and it divides the in-

ventory of that spent fuel among a large num-

ber of discrete, robust containers. These factors

make it more difficult to attack a large amount

of spent fuel at one time and also reduce the

consequences of such attacks."'22

"Simple steps ... could be taken to reduce the

likelihood of releases of radioactive material

from dry casks in the event of a terrorist at-

tack. Additional surveillance could be added to

dry cask storage.. .to detect and thwart ground

attacks. Certain types of cask systems could

be protected against aircraft strikes by partial

earthen berms. Such berms also would deflect

the blasts from vehicle bombs."'23

Finally, the Academy panel concluded that

inclusion of public input and greater transparency is

essential.

"The.. .public is an important audience for the

work being carried out to assess and mitigate

vulnerabilities to spent fuel storage facilities.

While it is inappropriate to share all informa-

tion publicly, more constructive interaction

with the public and independent analysts could

improve the work being carried out, and also

increase confidence in the nuclear Regulatory

Commission and industry decisions and ac-

tions to reduce the vulnerability of spent fuel

storage to terrorist threats"' 4
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Dry Storage Costs

We estimated that the removal of spent fuel

older than five years could be accomplished with exist-

ing cask technology in 10 years at a cost of $3 billion

to $7 billion. This would allow for open rack storage

of the hottest fuel and could expose at least one side of

each assembly to an open channel, allowing for greater

air convection, reducing the risks of fuel fires. The ex-

pense would add a marginal increase to the retail price

of nuclear-generated electricity of between 0.4 to 0.8

percent. The availability of casks could be limiting, but

is not insurmountable.

In November 2010, a study by the Electric

Power Research Institute released an analysis of the costs

associated with our recommendations. "While EPRI

agrees that moving spent fuel into dry storage after five

years is not justified," the study states, "EPRI's members

requested a study be made of the impacts of doing so."'25

EPRI concluded "that a requirement to move

spent fuel older than five years (post reactor operations)

from spent fuel pools into dry storage would cause

significant economic and worker dose impacts while

providing no safety benefit to the public."

EPRI agreed with our lower estimate stating

that the cost for the cost for the early transfer of spent

fuel storage into dry storage is $3.6 billion. According

to the EPRI analysis, "the increase is primarily related to

the additional capital costs for new casks and construc-

tion costs for the dry storage facilities. The increase in

net present value cost is $92-$95 million for a repre-

sentative two-unit pressurized water reactor; $18-$20

million for a representative single-unit boiling water

reactor; and $22-$37 million for a representative single

unit new plant."26

But the study also found that, "the three-to

four-fold increase in dry storage system fabrication ca-

pability would require increased NRC inspection and

oversight of cask designers, fabricators and dry storage

loading operations. In addition, more than 20 nuclear

power plant sites would have to load more than 15 dry

storage systems annually - representing a two- to four-

fold increase in the rate of cask loading - placing pres-

sure on spent fuel pool cranes and other systems during

routine operations and outages."

In our 2003 study, we found that:

"Cask availability could be a rate-limiting step

in moving older spent fuel from pools into

dry storage at the reactor sites. Currently, U.S.

cask fabrication capacity is approximately 200

casks per year - although the production rate

is about half that. Two hundred casks would

have a capacity about equal to the spent-fuel

output of U.S. nuclear power plants of about

2000 tons per year. However, according to two

major U.S. manufacturers, they could increase

their combined production capacity within a

few years to about 500 casks per year."'27

Besides the increased cost, and additional bur-

dens it placed on reactor owners, the NRC and cask

manufacturers, the EPRI study argued against our pro-
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posal because it would result in increased occupational

exposures. Upon further examination EPRI's estimate

would result in a 4 percent increase in the collective

radiation exposure to workers over the next 88 years.28

This increase in worker doses is not insurmountable

obstacle if better radiation shielding and administrative

controls were implemented.

Achieving this goal cannot occur by individual

reactors owners without a federal policy that allows for

the costs of expanding dry, hardened spent fuel stor-

age to be taken from the electricity rates paid for by

consumers of nuclear generated electricity. The 1982

Nuclear Waste Policy Act (NWPA) established a user

fee to pay 0.1 cent per kilowatt hour for the search and

establishment of a high-level radioactive waste reposito-

ry, but does not allow these funds to be used to enhance

the safety of onsite spent fuel storage.

As of fiscal year 2010, only $7.3 billion has been

spent out of a total of $25.4 billion collected by 2010,

leaving $18.1 billion unspent.2 9 This large unexpended

balance could more than pay for the storage of spent

reactor fuel older than five years at all reactors. Safely

securing the spent fuel that's currently in crowded pools

should be a public safety priority of the highest degree

in the U.S. The cost of fixing America's nuclear vulner-

abilities may be high, but the price of doing too little is

incalculable.
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Appendix A: Site Specific Estimates of
Radioactvity in U.S. Spent Fuel

Site State Reactor Type Total Assemblies Metric tons Radioactive
Inventory (Ci)

Arkansas 1 & 2 AR 2 PWRs 2,526 1,109 222,793,200

Beaver Valley 1 & 2 PA 2 PWRs 2,206 1,018 194,569,200

Big Rock Point MI BWR 439 58 13,257,800

Braidwood 1 & 2 IL 2 PWRs 2,424 1,029 213,796,800

Browns Ferry 1, 2 & 3 AL 3 BWRs 10,402 1,932 314,140,400

Brunswick 1 & 2 NC 2 BWRs 4,410 896 73,204,800

Byron 1 & 2 IL 2 PWRs 2,515 1,068 221,823,000

Callaway MO PWR 1,609 702 141,913,800

Calvert Cliffs 1 & 2 MD 2 PWRs 2,982 1,142 263,012,400

Catawba 1 & 2 SC 2 PWRs 2,677 1,148 236,111,400

Clinton IL BWR 2,588 477 78,157,600

Comanche Peak 1 & 2 TX 2 PWRs 2,202 998 194,216,400

Cooper NE BWR 2,435 452 73,537,000

Crystal River FL PWR 1,102 512 97,196,400

D. C. Cook 1 & 2 MI PWR 3,253 1,433 286,914,600

Davis-Besse OH PWR 1,076 505 94,903,200

Diablo Canyon 1 & 2 CA 2 PWRs 2,512 1,126 221,558,400

Dresden 1,2 & 3 IL 3 BWRs 11,602 2,146 350,380,400

Duane Arnold IA BWR 2,545 467 76,859,000

Edwin I. Hatch 1 & 2 GA 2 BWRs 7,862 1,446 237,432,400

Fermi 2 MI BWR 2,898 523 87,519,600

Fort Calhoun NE PWR 1,054 379 92,962,800

Ginna NY PWR 1,234 463 108,838,800

Grand Gulf MS BWR 4,771 856 144,084,200

H. B. Robinson SC PWR 903 384 79,644,600

Haddam Neck CT PWR 1,017 420 89,699,400

Humboldt Bay, CA CA BWR 390 29 11,778,000

Indian Point 1,2 & 3 NY 3 PWRs 2,649 1,164 233,641,800

Joseph M. Farley 1 & 2 AL 2 PWRs 2,555 1,174 225,351,000

Kewaunee WI PWR 1,172 451 103,370,400
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Site State Reactor Type Total Assemblies Metric tons Radioactive
Inventory (Ci)

La Crosse WI PWR 333 38 29,370,600

La Salle 1 & 2 IL 2 BWRs 5,189 952 156,707,800

Limerick 1 & 2 PA 2 BWRs 6,203 1,143 187,330,600

Maine Yankee ME BWR 1,421 536 42,914,200

McGuire 1 & 2 NC 2 PWRs 3,257 1439 287,267,400

Millstone 1,2 & 3 CT BWR, 2 PWRs 6,447 1,709 445,230,400

Monticello MN BWR 2,324 426 70,184,800

Nine Mile Point 1, 2 & 3 NY 3 BWRs 9,830 1,812 296,866,000

North Anna 1 & 2 VA 2 PWRs 2,571 1184 226,762,200

Oconee 1, 2 & 3 SC 3 PWRs 4,028 1,865 355,269,600

Oyster Creek NJ BWR 3,824 699 115,484,800

Palisades MI PWR 1,473 585 129,918,600

Palo Verde 1, 2 & 3 AZ 3 PWRs 4,082 1674 360,032,400

Peach Bottom 2 & 3 PA 2 BWRs 8,413 1,554 254,072,600

Perry OH BWR 2,470 452 86,160,600

Pilgrim MA BWR 2,853 527 69,913,000

Point Beach 1 & 2 WI 2 PWRs 2,270 876 200,214,000

Prairie Island 1 & 2 MN 2 PWRs 2,315 866 204,183,000

Quad Cities 1 & 2 IL 2 BWRs 6,953 1,277 209,980,600

Rancho Seco CA PWR 493 228 43,482,600

River Bend LA BWR 2,889 531 209,980,600

Salem / Hope Creek 1 & 2 NJ 2 BWRs 7,154 1,659 216,050,800

San Onofre 1, 2 & 3 CA 3 PWRs 3,582 1,423 315,932,400

Seabrook NH PWR 918 425 80,967,600

Sequoyah 1 & 2 TN PWR 2,218 1,023 195,627,600

Shearon Harris NC PWR 2,499 750 220,411,800

South TX Project 1 & 2 TX 2 PWRs 1,871 1,012 165,022,200

St. Lucie 1 & 2 FL 2 PWRs 2,701 1,020 238,228,200

Summer SC PWR 1,177 526 103,811,400

Surry 1 & 2 VA 2 PWRs 2,604 1,194 229,672,800

Susquehanna 1 & 2 PA 2 BWRs 7,172 1,276 216,594,400

Three Mile Island PA PWR 1,180 548 104,076,000

Trojan OR PWR 780 359 68,796,000

Turkey Point 3 & 4 FL 2 PWRs 2,355 1,074 207,711,000
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Vermont Yankee VT BWR 3,299 609 99,629,800

Vogtle 1 & 2 GA 2 PWRs 2,364 1,080 208,504,800

Columbia Generating WA BWR 3,223 581 97,334,600

Station

Waterford LA PWR 1,217 500 107,339,400

Watts Bar TN PWR 544 251 47,980,800

Wolf Creek KS PWR 1,360 630 119,952,000

Yankee-Rowe MA PWR 533 127 47,010,600

Zion 1 & 2 IL 2 PWRs 2,302 1,052 203,036,400

Total 218,700 63,000 12,057,685,800

Source: DOE/EIS-0250, Appendix A, Tables A-7, A-8, A-9, & A-10
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Appendix B: Spent Power Reactor Fuel
Inventory, December 2010

State Wet Storage Inventory Dry Storage Inventory Total Spent Fuel
(MTU) (MTU) Inventory (MTU)

Alabama 2,500 489 2,989

Arizona 1,207 854 2,061

Arkansas 537 722 1,259

California 1,978 867 2,845

Colorado 25 25

Connecticut 1,374 613 1,987

Florida .2,723 179 2,902

Georgia 1,972 518 2,490

Idaho 62 81 143

Illinois 7,530 908 8,438

Iowa 313 109 422

Kansas 607 0 607

Louisiana 1,023 184 1,207

Maine 542 542

Maryland 533 766 1,299

Massachusetts 514 122 636

Michigan 2,080 456 2,536

Minnesota 635 525 1,160

Mississippi 621 143 764

Missouri 641 0 641

Nebraska 657 181 838

New Hampshire 417 93 510

New Jersey 2,019 455 2,474

New York 3,035 412 3,447

North Carolina 2,947 495 3,442

Ohio 1,031 34 1,065

Oregon - 345 345

Pennsylvania 4,478 1,370 5,848

South Carolina 2,305 1,587 3,892

Tennessee 1,156 338 1,494
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Texas 1,976 0 1,976

Vermont 539 62 601

Virginia 1,002 1,391 2,393

Washington 274 337 611

Wisconsin 934 370 1,304

National Total 49,620 15,573 65,193

Source: Associated Press / Nuclear Energy Institute March. 2011

Less than 25 percent of

U.S. reactor spent fuel is

in safer dry storage.
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REGIONAL RISKS
Now York. If a spent fuel fire
were to happen at on of the two In-
ian Poilt mnuclar reaetors located
25 milen from New York Cftj it could
result In as many as 5,11 cancer
deaths ad $461 hE, In damages.
Indiao hint spent fuel storage has
about three times more radloactivity
than the combined total In the spent
fuel pools at the four trnoubled Fuku-
shlma reactors.

Los Angeles. The spent fuel
at Diabil Canyon nuclear reactors
have nearly 2.7 times more radleac.
t than the combined total In the
spent fuel pools at the four troubled
Fhueshlma reactors.

Miami. Trkey Point rectors 65
miles hfm Miami have 2.5 timea
more ruioactivity than the com-
bined total In the spent feel peels
at the four troubled Fukushima reac-
tors.

Dallas. The Comanche Peak nu-
clear station Be miles southwest of
Dallas has spent fuel that contains

absut 2.3 times more radleactivity
than the combined total In the spent
fuel pools at the four troubled Fuke-
shima reactors.

Atlanta. The Veltle nuclear re-
actors near Augusta are 147 miles
northeast of Adanta. Theo reactors
have generated 2.5 times more ra-
dileativity than the cambhled total
In the spent fuel peols at the four
treubled Fukushlma reteors.

More than 30 million highly radioactive spent nu-
clear fuel rods are submerged in vulnerable stor-
age pools at reactors all over the United States.
These pools at 51 sites contain some the larg-
est concentrations of radioactivity on the planet.
Yet, they are stored under unsafe conditions,
vulnerable to attacks and natural disasters.

Spent nuclear fuel rods have enough pop to
cause a catastrophic radiation fire, a nuclear
chain reaction, or explosion. As the Fukushima
Dai-lchi tragedy shows, the risk to the public is
all too real.

Spent nuclear fuel rods are so deadly that a
motorcyclist blasting past them at 60 mph at a
distance of one foot would be killed from the ef-
fects of that fleeting radiation exposure.

The metal tubing that holds the spent nuclear
fuel is thinner than a credit card. This thin sheath
is the only major barrier preventing the escape
of radioactive materials. Cracked or damaged
metal tubing that was holding deadly nuclear ma-
terial at the Fukushima Dai-lchi nuclear reactors
resulted in the release of an enormous amount
radioactivity, much of which seeped into air, soil,
and nearby ocean water.

Approximately 75 percent of U.S. spent nucle-
ar fuel rods are kept tightly packed together in
storage racks, submerged in pools located at
nuclear reactors. These storage facilities resem-
ble large above-ground swimming pools and this
practice puts the American public at risk. Spent
fuel storage pools are often housed in buildings
no more secure than a car dealership. Instead,
these fuel rods should be safely stored in dry,
hardened, and sealed storage casks.

Spent fuel storage pools are vulnerable. Mas-
sive land contamination, radiation injuries, and
myriad deaths would result from a terrorist at-
tack, earthquake, or even a prolonged electricity
blackout - as happened at the Fukushima Dai-
Ichi reactor site in Japan following an earthquake

and tsunami. Pools need electricity to pump wa-
ter to cool the rods, as well as to maintain a high
water level to diffuse the escape of radiation.
Despite these dangers, the Nuclear Regula-
tory Commission (NRC) doesn't require nuclear
reactor operators to even have back-up power
supplies for these spent-fuel pools to prevent
disaster.

If the water in a spent nuclear fuel pool drains
to six feet above the fuel rods, it would give off
life-threatening radiation doses to workers on
site. These pools were originally designed to
hold less than one fifth of the radioactive mate-
rial they now contain.

If the water were to drain entirely from a spent
fuel pool, it could trigger a catastrophic radio-
active fire that would spew toxins and render
hundreds of thousands of square miles uninhab-
itable. The devastated area would be larger than
the wasteland that resulted from the 1986 Cher-
nobyl nuclear accident.

Life-threatening incidents have occurred at
multiple U.S. spent fuel storage pools. In Had-
dam Neck, Connecticut, a pool sprung a leak in
August 1984. About 200,000 gallons of water
drained in just 20 minutes, according the NRC.

Dry cask storage is a much safer altemative to
pools - which were originally designed to hold
less than one-fifth of what they now contain. It
doesn't rely upon a constant supply of electricity
or water, and it also can be stored in separate
blast-proof containers, making it less suscep-
tible to terrorist attack or earthquakes.

Over the next 10 years, we could remove all
spent fuel older than five years for a cost of $3
billion-$7 billion. The cost of fixing America's nu-
clear vulnerabilities may be high, but the price of
doing too little is incalculable.
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General Comment

The risks of pool fires must be considered in this EIS. The precarious situation at Fukushima
Daiichi Unit 4 -- where a 7.0 earthquake could cause the complete collapse of the reactor building
-- risks 135 tons of irradiated fuel catching fire, and releasing ten times the radioactive cesium-137
as was released by the Chernobyl nuclear catastrophe, directly into the environment. This would
dwarf the radioactivity released thus far by the Fukushima nuclear catastrophe.

But pools at most U.S. atomic reactors contain several times more high-level radioactive waste
than does Fukushima Daiichi Unit 4, meaning the potential catastrophes downwind, downstream,
up the food chain, and down the generations would be even worse here in the event of a pool fire,
whether caused by a sudden drain down (due to an earthquake, heavy load drop, terrorist attack,
etc.) or a slower motion boil down (due to loss of off-site electricity, whether due to a natural
disaster such as a hurricane, an intentional attack, a reactor accident causing abandonment of the
nuclear power plant site, etc.).

A report which shows that the risk of a heavy load drop is all too real, about one that nearly
occurred at the Palisades atomic reactor in Michigan in October 2005, can be viewed online at:

http://www.nirs.org/reactorwatch/licensing/caskdanglesummaryreport4406.pdf

https://www.fdms.gov/fdms-web-agency/component/contentstreamer?objectld=09000064... 02/22/2013
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A National Journal article about the risk of hurricanes to high-level radioactive waste storage
(specifically, Hurricane Sandy in October 2012) at can be viewed at:

http://www.nationaljournal. com/domesticpolicy/critics-sandy-showed-nuclear-plants-
vulnerability-to-weather-sabotage-20121101

Radioactivity leaks from storage pools - into soil, groundwater, and surface waters - should also
be included in the EIS scope. After all, leaks from pools have already occurred at more than a
half-dozen nuclear sites across the U.S., such as from Indian Point into groundwater which then
flows into the Hudson River, not far upstream from New York City.

Attachments
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NUCLEAR SAFETY LEFT HANGING AS CRANE DANGLED FUEL RODS
MICHIGAN INCIDENT GOT WARNING BUT NO FINE

HUGH McDIARMID JR.
FREE PRESS STAFF WRITER

A 110-ton load of nuclear waste dangled for 55 hours above a cooling pool last October as
two workers at a southwest Michigan nuclear power plant improperly manipulated a crane
that had frozen, federal regulators concluded in a recent review of the incident.

The Nuclear Regulatory Commission cited the Palisades Nuclear Power Plant for a minor
safety violation but did not impose a fine - a response considered weak by at least one
former federal nuclear reactor inspector and several activists who have examined the case.
Under the NRC's worst-case scenario, if the suspended load had accidentally dropped, a fire
could have ignited, leading to formation of a radioactive cloud. The cloud could have put
thousands of people downwind of the plant - all the way to Kalamazoo - at risk of fatal
radiation poisoning.
Ross Landsman, an inspector with the NRC for 25 years till his retirement last year, said
that even though the odds of such a sequence were infinitesimally remote - the scenario
would have to be triggered by an unusual incident such as an earthquake - the NRC was too
lenient.
"They have words now to make it seem all right. It's not. This is the worst possible place" to
have an unsealed cask of nuclear fuel "suspended. To me, it's a big deal," he said.
Palisades spokesman Mark Savage disagreed.
"In this case, the fuel was always in a safe condition," he said. The 14-foot-tall cask had
barely broken the surface of the 40-foot-deep cooling pool when the crane stopped, he said.
The incident, however, illustrates how the combination of human error and equipment
failure can combine to whittle away the multiple, redundant safeguards that protect the
public and plant workers from nuclear hazards.
Palisades, the smallest of Michigan's three nuclear plants, produces enough electricity to
power about 500,000 homes. The Fermi 2 plant in Monroe County on the shore of Lake
Erie is the closest plant to metro Detroit. Palisades and Cook are both in southwestern
Michigan along Lake Michigan.
The incident, which did not appear on the daily log of nuclear plant irregularities compiled
by the NRC, was detailed in an NRC quarterly report published Jan. 25. The log often notes
things as seemingly minor as an accidentally tripped alarm.
The load was safely lowered 55 hours after an improperly calibrated fail-safe system
stopped the load as it was being raised. The citation from the NRC was of "minor safety
significance"- a type that U.S. nuclear plants typically receive several times each year.
But in its report, the NRC said the workers' actions were neither authorized by their
supervisors, nor allowed under safety rules, and "represented an increase in the risk of a
load drop" that could have cracked the cooling pool below. A cracked pool could have
drained the water that cools tens of thousands of spent nuclear fuel rods - creating the
possibility of a fire.



A more plausible, though still very unlikely, scenario would have been an accident
contained to the plant grounds but creating a radioactive mess that could have shut down the
plant for years, said Landsman.
"It would have made a hole in the fuel pool and made a huge mess," he said. "Spent fuel
rods all over the floor and a cracked pool. It would have shut the plant down" for years.
Dave Lochbaum, director of the nuclear safety project at the Union of Concerned Scientists
and a former nuclear reactor engineer, said that having the waste dangle in the air for more
than two days increased risks of a serious accident.
"What's most troubling is that workers with years and years of experience undertook that
action without" authorization, he said. "That's shifting the balance from skill and careful
thinking to luck."
Regulators and plant officials say the mechanical safeguards operated as they should have.
"I don't want to trivialize it. It clearly had our attention," said Jan Strasma, spokesman for
the Nuclear Regulatory Commission. "But there was no threat to health and safety."
The incident at Palisades has few precedents.
In 1995, a 122-ton cask of fuel hung above a cooling pool at Prairie Island Nuclear Plant in
Minnesota when its brake improperly engaged. That load was safely lowered after 16 hours.
Other plants have had similar problems during practice transfers.
Kevin Kamps, nuclear waste specialist at the Washington D.C.-based Nuclear Information
and Resource Service, said the lack of public notice of the Palisades problem is troubling.
The incident was not included on the NRC's Internet listing of daily incident reports, nor on
event reports that are filed by plant operators with the NRC and available to the public
online.
Strasma said the Palisades problem did not fit the criteria for an event report, and said that
the agency was in frequent contact with an inspector on the scene even though it wasn't
listed on daily reports.
The daily reports are informal communications about events as significant as radiation leaks
and as mundane as inadvertently tripped fire alarms and plant management changes.
Strasma acknowledged that far less serious matters than the Palisades incident are routinely
included in the daily reports, and said there's "not a clear-cut answer" why the crane
problem wasn't included.
Palisades is owned by CMS Energy Corp, which plans to sell the plant by the end of 2007.
(SIDEBARS)
THE WORST CASE
The scariest nuclear accident in Michigan was the 1966 partial meltdown of the Fermi 1
nuclear reactor near Monroe that inspired the 1975 book "We Almost Lost Detroit."
The trouble started when a piece of metal plate dislodged, clogging the flow of sodium
coolant throughout the reactor.
Plant officials maintained that only 1% of the uranium fuel melted, but critics say the plant
came close to a runaway reaction that could have killed people for miles around the plant.
No radiation was released, but the plant never returned to useful operation.
3 PLANTS IN STATE
Michigan has three operating nuclear power plants. They supply about 25% of Michigan's
electrical needs.
*Palisades, near South Haven on Lake Michigan's shore, has operated since 1971, with a
generating capacity of 798,000 megawatts - enough to power 500,000 typical homes.



*Cook Nuclear Power Plant at Bridgman on Lake Michigan's shore has two units,
operating since 1975 and 1978. Combined, they can generate 2 million megawatts, enough
to power 1.25 million homes.
*Fermi 2 Nuclear Power Plant near Monroe began operations in 1985, and has a capacity of
1.1 million megawatts, enough to power about 688,000 homes.
MEETINGS SCHEDULED
Public meetings related to the Palisades Nuclear Power Plant's proposed license renewal
are scheduled for April 5 at 1:30 and 7 p.m. at Lake Michigan College, 125 Veterans Blvd.,
South Haven.
Federal regulators will be available for questions one hour before each meeting. The plant
seeks a 20-year renewal of its license, which expires in 2011. For more information on the
proposed renewal go to:
www.nrc.gov/reactors/operating/licensing/renewal/applications/palisades.html
Contact HUGH McDIARMID JR. at 248-351-3295 or mcdiarmid@freepress.com.
ILLUSTRATION: Drawing Detroit Free Press;Map;Photo Herald-Palladium photo via AP
CAPTION: The Palisades Nuclear Power Plant near South Haven is seeking a 20-year
renewal of its operating license, which expires in 2011.
CAPTION WRITER: Herald-Palladium photo via AP
MEMO: SIDEBARS ATTACHED;SEE MAP AND DRAWING IN MICROFILM, PAGE
9A
DISCLAIMER: THIS ELECTRONIC VERSION MAY DIFFER SLIGHTLY FROM THE
PRINTED ARTICLE

Copyright (c) Detroit Free Press. All rights reserved. Reproduced with the permission of
Gannett Co., Inc. by NewsBank, inc.



Beyond Nuclear Fact Sheet

Epidemic of Radioactivity Leaks from U.S.
Nuclear Plants Includes Irradiated Fuel PoolsIi

INTRODUCTION

Beyond Nuclear's April 2010 report Leak First, Fix Later1 documents radioactivity leaks at over 100 nuclear power
plants in the U.S. since the early 1960s. The frequency and size of leaks is growing worse as reactors, and their
underground piping systems, degrade with age. But in addition to controversial leaking pipes, as at Vermont
Yankee beginning in January 2010, the U.S. has suffered a growing number of leaking irradiated nuclear fuel
storage pools, as first highlighted in early 2006 by Dave Lochbaum, Union of Concerned Scientists' Nuclear Safety
Project Director.2

Indian Point Nuclear Power Plant, Hudson River, Buchanan, New York

Perhaps the most controversial leaking pool is located just 25 miles upstream from New York City. In 2005,
cracks in the Unit 2 pool wall were discovered to be leaking radioactive tritium 3 - which can cause cancer,
genetic damage, and birth defects 4 - into groundwater, which then flows into the Hudson River. In 2006,
strontium-90 - a bone seeker that can cause bone and soft tissue cancer, as well as leukemia -- was
discovered leaking from the long-closed Unit 1 pool. Other radioactive isotopes, including cesium, cobalt, and
nickel, have also been documented as leaking. The leakage could have begun in the early 1990s, and, despite
attempts at repairs, "Water likely remains between the Unit 2 SFP [spent fuel pool] stainless steel liner and the
concrete walls, and thus additional active leaks cannot be completely ruled out."5 So much radioactively
contaminated water has leaked that underground radioactive "lakes" are present in the groundwater under
Indian Point's fuel pools. 6 Entergy Nuclear's controversial plan appears to be to leave the contamination in
place, at least until decommissioning decades from now, in hopes that "Monitored Natural Attenuation" -
allowing the radioactive contamination to flow into the Hudson River - will supposedly dilute away the
problem. 7 But dilution is not the solution to such pollution, as radioactivity can bio-accumulate in the food chain:
in 2007, fish contaminated with Sr-90 were detected in the Hudson River.8 And, the U.S. National Academy of
Sciences has affirmed for decades that any exposure to radioactivity, no matter how small, still carries a health
risk.9 Delusion is also not the solution. The U.S. Nuclear Regulatory Commission (NRC) and the nuclear power
industry itself tend to dismiss the health risks of tritium leaks. When the Indian Point pool leaks were first
discovered, for example, NRC issued a press release stating that "The leakage... is minimal and does not pose
any immediate health or safety concern for members of the public or plant workers."10 But "no immediate
danger" does not mean safety in the longer term.11 Tritium has a 12.3 year long half-life, thus representing 120-
240 years of biological hazard.1 2 New York State's U.S. Congressional delegation has loudly protested the
leaks. Hudson Riverkeeper, led by Robert Kennedy, Jr., has filed a Resource Conservation and Recovery Act
lawsuit, has challenged Indian Point's proposed license extension,1 3 and is even challenging Indian Point's
right to generate any more highly radioactive waste.1 4

Salem 1 Nuclear Reactor, Delaware River, Artificial Island, New Jersey

Radioactively contaminated water has also leaked from the Salem Unit 1 irradiated nuclear fuel storage pool. On
September 18, 2002, workers inside the Auxiliary Building had radioactivity detected on their shoes. Investigation
into the source found water on the floor of a room inside the Auxiliary Building. Chemical analysis of this water
pinpointed the spent fuel pool as its likely source. The Unit 1 spent fuel pool has a reinforced concrete floor and
walls that are lined with stainless steel. Leakage of groundwater in through the concrete and leakage of spent fuel
pool water out through the liner was routed through drainage piping to a system that collected and processed
contaminated liquids. On January 31, 2003, workers conducted a fiber optic examination of the drainage piping
and discovered that it was blocked with precipitates, allowing water to accumulate in the space between the
concrete and the liner. When the blockage was removed, the measured flow through the drainage piping was 100



gallons per day. During the period that the drainage piping was blocked, spent fuel pool water leaked through the
concrete into the ground surrounding the plant. Workers confirmed this fact with eight monitoring wells installed
adjacent to the Unit 1 Fuel Handling Building in January and February 2003. The groundwater contained tritium
concentrations "above the New Jersey Groundwater Quality Criterion of 20,000 pCi/L [picocuries per liter]." A
consultant retained to investigate the matter concluded: "The testing results indicate that buildup of SFP [spent fuel
pool] water behind the liner has been ongoing for at least five years." The plant owner undertook an extensive
groundwater remediation effort to reduce tritium concentrations below the New Jersey criterion.15

Connecticut Yankee Nuclear Power Plant, Connecticut River, Haddam, Connecticut

A third commercial reactor to suffer a leaking irradiated nuclear fuel storage pool is Connecticut Yankee. As with
the Indian Point Unit 1 pool above, this leak was not discovered until long after the reactor was permanently shut
down in 1996. On October 31, 2005, the NRC was informed that workers detected evidence that the spent fuel
pool was leaking into the ground. The rate of leakage was unknown, but estimated to be on the order of a few
gallons per day. Also, the quantity of water leaked was unknown, as the company did not know how long the leak
had been occurring. Monitoring wells down gradient'from the leakage site did not indicate the groundwater plume
had traveled past the plant site. 16 However, serious weaknesses in groundwater monitoring have been
documented across the nuclear power industry and its governmental agency regulators. For example, false
assurances of no leakage have been reported based on monitoring wells located improperly that could not detect
radioactive leakage that was, in fact, underway.

High-Flux Beam Reactor, Brookhaven National Lab, Long Island, New York

A case of such false assurance that radioactive leakage was not occurring from an irradiated nuclear fuel storage
pool happened at Brookhaven, a U.S. Department of Energy (DOE) national lab devoted to so-called "peaceful
uses of atomic energy" founded in 1947, due to improperly located monitoring wells. Ultimately, however, in
January 1997, workers detected tritium levels in groundwater samples at twice the Environmental Protection
Agency (EPA) safe drinking water standard. Subsequent investigations found samples reading 32 times higher
than the EPA standard and that "The tritium was found to be leaking from the laboratory's High Flux Beam
Reactor's spent-fuel pool into the aquifer that provides drinking water for nearby Suffolk County residents." In fact,
over a million Long Island residents depend on the underlying aquifer as their sole source for drinking water. The
concrete pool, built in the early 1960s, had not been lined with steel, making such leakage all the more likely over
time. DOE's investigation concluded that the leak, estimated at 6 to 9 gallons per day, had been occurring for as
long as 12 years. Due to the resulting public outcry, on May 16, 1997, DOE terminated the contract held by
Associated Universities, Inc. (a consortium of seven Northeastern colleges), that had managed Brookhaven for
half a century, due to performance problems associated with the long-standing tritium leak, including
incompetence at groundwater monitoring. Brookhaven had agreed with the county government to install
monitoring wells, but then took over two years to do so because it regarded them as a low priority. In response to
the Lab's attempt to downplay the health risks of this drinking water supply contamination, the U.S. Government
Accountability Office, Congress's investigative arm, warned that "EPA officials have advised us that while the
tritium contamination poses little or no threat today, its long-term consequences are not certain.'17

BWX Technologies, Inc., James River, Lynchburg, Virginia

Yet another leak of radioactively contaminated water from a radioactive waste cask handling area pool was
discovered on September 19, 2000. Workers at the BWX Technologies facility in Lynchburg, Virginia determined
that the cask handling area pool was leaking approximately 250 gallons per day into the ground. The pool was
approximately 528 yards from the James River. The pool contained irradiated reactor hardware and several spent
fuel rods. The radionuclide concentrations of the water in this pool were significantly above the concentrations
allowed by 10 CFR [Code of Federal Regulations] Part 20, the NRC regulations for releases to unrestricted areas.
Boroscopic examination identified cracks across the transfer cavity region of the pool.18 Although the company and
NRC downplayed the risk, by citing that the estimated radiation dose to a member of the public drinking water from
the James River was calculated to be less than one millirem per year, the issues of ongoing, chronic exposure and
the added risks of organically bound tritium have gone unaddressed.1 9
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Leak First, Fix Later
Uncontrolled and Unmonitored Radioactive Releases from

Nuclear Power Plants

A Beyond Nuclear Report
Paul Gunter, Director, Reactor Oversight Project

April 2010

EXECUTIVE SUMMARY

The highly-publicized leaks of radioactive hydrogen - or tritium - from buried pipes at the
Braidwood, Oyster Creek and Vermont Yankee nuclear power plants have drawn attention to a
more widespread and longstanding problem analyzed by a new report from Beyond Nuclear.
Leak First, Fix Later: Uncontrolled and Unmonitored Radioactive Releases from Nuclear Power
Plants finds leaking U.S. reactors are now ubiquitous. There is evidence of 15 radioactive leaks
from March 2009 through April 16, 2010 from buried pipe systems at 13 different reactor sites.
At least 102 reactor units are now documented to have had recurring radioactive leaks into
groundwater from 1963 through February 2009.

The report finds that the federal regulator - the U.S. Nuclear Regulatory Commission (NRC) -
has replaced its own oversight responsibilities in favor of industry self-regulation. Instead of
mandating compliance with established license requirements for the control and monitoring of
buried pipe systems carrying radioactive effluent, the NRC cedes responsibility to industry
voluntary initiatives that will add years onto the resolution of a decades-old environmental and
public health issue. Of further concern, the agency and the industry continue to downplay and
trivialize the health risks of prolonged exposure to tritium which is shown to cause cancer,
genetic mutations and birth defects.

The delinquency of the NRC is made more alarming by the fact that the nuclear industry has
deliberately misrepresented the truth about its leaking reactors to state governments, most
dramatically in Illinois and Vermont. Given the history of untrustworthiness of the nuclear
industry, it is even more important to have a vigilant and responsible regulator. The report found
this not to be the case with the NRC and its oversight of increasing leaky reactors.

The report examines radioactive leaks in Illinois, New Jersey, Michigan, New York and Vermont
that illuminate concerns over continuing groundwater contamination, the accelerating
deterioration of buried pipes, the lack of integrity of industry's reporting of leaks and pipes and
the questionable replacement of federal oversight and enforcement with industry "voluntary
initiatives."
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Large quantities of tritiated water have leaked into groundwater, inevitably migrating to surface
and drinking water sources. Tritium escapes through leaking underground or buried pipes, or is
vented to the atmosphere, falling back to earth as precipitation.

So-called "permissible" doses of tritium -
_________ _ standards established by the Environmental

Buried pipe systems Protection Agency at 20,000 picocuries per
liter of tritium - do not take into account the

largely remain most vulnerable among our population,
inargessremins especially pregnant women and their unborn
inaccessible, uninspected, children. "Permissible" doses of tritium -

unmaintained andt
which does not necessarily mean "safe" - are

go uncontainede based on what could be tolerated by a robust

adult male. The report argues that these

standards need to be far more protective as
already established in safe drinking water goals for the State of California at 400 picocuries per
liter and the State of Colorado at 500 picocuries per liter.

During the normal operation of a nuclear power plant, radioactive by-products build up in the
reactor fuel and escape into the reactor's cooling water and steam. Contaminated reactor cooling
water is periodically processed before being recycled back to the reactor vessel. Some of the
processed coolant is discharged in batches to the river, lake or ocean used as the cooling water
source. Routine releases of this processed cooling water contain diluted radioactive water that
includes traces of dissolved and entrained radioactive by-products. More effluent in the form of
radioactive gases is vented or purged directly to the atmosphere. The management and disposal
of this radioactive effluent occurs within a network of pipe systems and holding tanks.

Depending on its location to a cooling water source and discharge point, a typical nuclear power
plant has anywhere from two to 20 miles of buried pipes in a tangle of 30 to 50 separate systems
carrying radioactive water and steam beneath the power plant property.

The United States Nuclear Commission (NRC) has established license requirements for each
nuclear power plant operator to control and monitor the radioactive effluent in these piping
systems in The Code of Federal Regulation Chapter 10 Part 50 Appendix A, General Design
Criteria 60 and 64.

As the result of recurring leaks in 1979, the NRC notified the nuclear industry of the need for the
"Prevention of Unplanned Releases of Radioactivity" from reactors. The industry largely ignored
the NRC call. Buried pipe systems carrying radioactive water largely remain inaccessible,
uninspected, unmaintained and inevitable accidental leaks go uncontained. Instead, the NRC has

2



Leak First, Fix Later

replaced its regulatory oversight over the loss of control and monitoring of radioactive effluent in

buried pipes with nuclear industry "voluntary initiatives" for reporting contamination of
groundwater and deteriorating buried pipes overseen by the Nuclear Energy Institute, the

industry's lobby group and trouble shooter.

The bulk of both the controlled and uncontrolled radioactive releases from nuclear power plants

are in the form of radioactive hydrogen, tritium and tritiated water, which is generated in
significant concentrations of tritium at nuclear power plants.

Tritium as a gas (HT) and as tritiated water (HTO) will displace hydrogen and water molecules.

Hydrogen is by far the most common element in the -
makeup of a DNA molecule. Tritium is often
mischaracterized as a "weak" beta-emitting The Braidwood operators

radioactive particle. Tritium in fact is a "low-range" allowed millions of gallons

beta emitter and highly radioactive. The "specific of radioactive water

activity", the amount of radioactivity per weight contaminated with tritium

measure of an isotope, of a pure gram of tritium is to soak into groundwater.

9,800 curies, where a gram of strontium-90 is 140
curies and cobalt-60, a strong and penetrating gamma
radiation emitter is 10,100 curies per gram. Tritium is clinically shown to be more effective at
damaging and destroying living cells than gamma rays. Tritium is a biological hazard and known
to cause cancer, birth defects and genetic damage. Moreover, the federal "permissible" level for
tritium exposure in drinking water varies significantly with some state protective health goals
raising a controversy.

Braidwood nuclear power station (IL) had 22 recurring uncontrolled radioactive spills from
unmaintained vacuum breaker valves on the same buried pipeline that went undisclosed from
1996 to December 2005 including two releases totaling six million gallons of tritiated water. The
Braidwood operators allowed millions of gallons of radioactive water contaminated with tritium
to soak into groundwater along the four and a half-mile long pipe and to run off site into the
neighboring community of Godley Park Township where 600 people have been supplied with
bottled water provided by Exelon for more than four years. The city of Wilmington takes in its
drinking water from the Kankakee River just two and a half miles from the same Braidwood
discharge pipe.

Oyster Creek nuclear power plant (NJ) disclosed radioactive water leaking from buried pipes just
seven days after the NRC awarded the oldest reactor in the US a 20-year license renewal. The
leaking buried pipes had been falsely documented in company work orders. Management
decisions made in the 1990s to close Oyster Creek cancelled numerous corrective actions for
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buried pipes carrying radioactive water. When the reactor was instead sold, many of the work
orders were never resumed. The unmanaged deterioration of aging systems sounds an alarm
about the thoroughness and adequacy of the NRC license extension review process.

Vermont Yankee nuclear power station (VT) is seeking a 20-year license extension. A January
6, 2010 lab report identified a "very low concentration of tritium" in an on-site test well. The

reading spiked from 700 picocuries per liter to
2.7 million picocuries per liter as more test

The nuclear industry wells were dug to find the leak. Cobalt-60,
admits that radioactive cesium-137 and radioactive manganese and
leaks into groundwater zinc were discovered in the leak path indicating
from buried pipes are that the contamination started with fuel
illegal. damage. The company destroyed its credibility

.. . when it revealed that officials falsely reported
in sworn testimony to state regulators that there

were no buried pipes carrying radioactive water under the reactor. The state senate voted 26 to 4
to close the reactor at the end of its current license in 2012 effectively setting up a legal
roadblock to NRC relicensing.

The nuclear industry admits that radioactive leaks into groundwater from buried pipes are illegal.
Constellation Energy, that operates reactors in Maryland and New York, recognized that "The
true risk is legal. The plants do not have legal authorization to release radioactive material to
the groundwater. Groundwater flows through and off the plant property, potentially
contaminating private property." More bluntly, "You have put your radioactive waste on my
property and damaged my property value. "

Examples of non-disclosure, false reporting and possibly perjury strongly support the case that
an industry in part unable to tell the truth, the whole truth and nothing but the truth should not be
allowed to self-regulate on matters of protecting water quality and public health through
''voluntary" initiatives.

The industry's "Voluntary Groundwater Protection Initiative" came about with the unraveling of
undisclosed leaks at reactors in Illinois. Public and political pressure culminated in federal
legislation drafted in 2006 by U.S. Senator Barack Obama (IL) mandating the immediate
reporting of radioactive leaks from nuclear power plants to include the local community. The bill
stalled and failed. But the Nuclear Energy Institute concluded that they needed to take the
initiative or the NRC was going to have to become a stronger regulator. The industry initiative
volunteers reporting leaks to groundwater that had been previously unreported and some
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piecemeal changes but mandates no proactive measure to actually protect groundwater from still
largely inaccessible and deteriorating buried pipe systems.

A second voluntary initiative offered by the Nuclear Energy Institute, the "Buried Pipe Integrity
Program," was offered in October 2009 following another series of pipe leaks and recurring
groundwater contamination events. This initiative offers to provide "reasonable assurance of
structural and leakage integrity of all buried pipe with special emphasis on piping that contains
radioactive materials." However, the NEI initiative plans to add years more onto a decades-old
problem. The initiative's schedule does not announce its proposed management plan until
December 31, 2013. In fact, the industry's "buried pipe integrity" program is a contradiction in
terms. Buried pipe remains inaccessible to monitoring of the effects of aging, corrosion and other
forms of attack, diminishing the reliability of determining its future integrity. Ironically, on the
same day that NEI laid out industry's three year study plan, the operators of Oyster Creek
volunteered to replace all of its buried pipes carrying radioactive water by the end of 2010 with
corrosion-resistant pipes installed in above-ground vaults so that pipes carrying radioactive water
can be proactively inspected, monitored, maintained and contained if a leak occurs.

The Beyond Nuclear report "Leak First, Fix Later, "makes a set of recommendations in the
following areas for the timely resolution of ground- and surface water contamination coming
from buried pipes at nuclear power plants;

1. Regulatory oversight, authority and enforcement must be strengthened;

2. Buried pipes must be promptly replaced so that systems carrying radioactive effluent can be
inspected, monitored, maintained and contained in the event of a leak;

3. The nuclear industry must be held accountable for radioactive releases to air, water and soil;

4. There must be more public transparency describing the source, cause and extent of radioactive
releases from nuclear power plants; and

5. Radiation protection standards must be strengthened and applied consistently nationwide.

The Beyond Nuclear report "Leak First, Fix Later: ULncontrolled and Unmonitored
Radioactive Releases From Nuclear Power Plants" can be viewed in its entirety at
www.bcyondnuclear.org. A PDF copy of the full report can be downloaded here -
httW://www.beyondnuclear.org/storage/documents/LeakFirst FixLater BeyondNuclear April182010 Fl
NAL.pdf

ielm
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Beyond Nuclear aims to educate and activate the public about the connections between nuclear
power and nuclear weapons and the need to abandon both to safeguard our future. Beyond
Nuclear advocates for an energy future that is sustainable, benign and democratic, The Beyond
Nuclear team works with diverse partners and allies to provide the public, government officials,
and the media with the critical information necessary to move humanity toward a world beyond
nuclear.

Contact information: Beyond Nuclear, 6930 Carroll Avenue, Suite 400, Takoma Park, MD
20912 Tel: 301.270.2209 Fax: 301.270.4000 Email: i-nfonbeyondnuclear.org Web site:
www.beyondnuclear.org
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INTRODUCTION

Water is necessary to sustain all life. Water is a natural cycle of vapor, liquid and solid. New
water is not created; it is recycled. This continuous cycle takes each water molecule through the
processes of evaporation, condensation, precipitation and collection. Clouds, rain, snow, ice, fog
and water vapor all converge into the collection of surface water in streams, rivers, lakes, and
oceans, as well as within the movement of groundwater in deep and shallow aquifers to begin the
cycle anew. Today's groundwater is tomorrow's drinking water. It is a vital resource for
sustaining habitats, food and agriculture and recreation.

However, long-lived manmade radioactive toxins are being deliberately and accidentally
released from nuclear power plants and are incrementally poisoning this natural water cycle.

In the course of normal operations, nuclear power plants both continuously emit and routinely
batch-release radioactivity into the water and the air. While reactor operators are required
annually to provide the United States Nuclear Regulatory Commission (NRC) and the public
with their calculations tallying radioactive releases,' these "controlled" releases of radioactivity
are reason for concern for the public's health and safety.2 In addition, a growing number of
uncontrolled and unmonitored releases are occurring. These leaks and spills are attracting
increasing attention from states and the public. The potential harmful impacts of radiation
exposure caused by nuclear industry practices plus the inadequacy of federal government
oversight and enforcement are of mounting concern.

A significant portion of the uncontrolled releases from nuclear power plants is in the form of the
radioactive isotope of hydrogen called tritium.3 Tritium also serves as a marker for many other
radionuclides that escape into the environment.

As early as 1979, the NRC publicly identified the need for the nuclear industry to begin a
proactive program of inspections and maintenance for the "Prevention of Unplanned Releases of
Radioactivity" from reactors.4 Now, more than three decades later, the call for preventive action
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is still largely ignored by the nuclear industry that has placed its production agenda ahead of
even a maintenance agenda. With an increasing number of radioactive leaks being discovered at
and around nuclear reactor sites, the NRC and the industry have been forced to revisit the issue
of leaks and other unplanned releases. However, the NRC has largely replaced its regulatory
oversight of these radioactive leaks with industry "voluntary initiatives." Instead, the NRC needs
to mandate corrective action programs that prevent continuing radioactive contamination of
increasingly threatened water resources.

A TANGLE OF BURIED PIPES

Depending on the specific location of a nuclear power plant relative to its reactor cooling water
source - that is a lake, river or ocean - the reactor site may have anywhere from two to perhaps
20 miles of buried pipes intertwined beneath the power plant property. There can be as many as
30 to 50 separate buried pipe systems carrying radioactive water under buildings and parking lots
and penetrating building foundation walls below grade. These buried pipes connect reactor
systems, including the steam supply for generating electricity, the emergency control and
recovery following abnormal reactor events and radioactive waste treatment and storage. Pipes

can range in diameter from several inches to

large 16-foot-diameter re-circulating water
P lines."

Radioactive phlumes havemadigate ite plumeo have This "spaghetti bowl" of pipes is fabricated ofa variety of materials from fiberglass togroundwater and surface corrosion-susceptible materials like coated
i~vater resources, impacting carbon steel and aluminum to more corrosion-
neighbor-ing p-operties. resistant stainless steel. Because the pipes at

today's reactors are aging and corroding many

are experiencing hidden, uncontrolled and
unmonitored leaks of radioactive water that are

contaminating underground water resources. Earthquakes have also caused underground pipes to
leak. Leaking pipes have caused accidental radioactive releases both on and off nuclear power

plant property.

These radioactive leaks have ranged from cupfuls to millions of gallons. In some cases, the
radioactive water is pooling and accumulating in water tables below nuclear power plants and
beyond. Underground radioactive plumes have migrated off site into groundwater and surface
water resources, impacting neighboring private and public properties. At some reactor sites, the
plant owners have installed a limited number of shallow onsite test wells to periodically sample
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groundwater for radioactive leaks. Test wells are used to extract water samples to determine the
amount, type and radioactive count of isotopes that are already escaping into the environment.
Only after leaks are discovered are more test wells installed.

The nuclear industry admits that it is unable to access most of the buried pipe systems for
inspection and maintenance. Deteriorating pipes carrying radioactive water go uninspected until
a leak percolates to the surface or is observed in samples collected from sparse onsite and offsite
test wells. The problem is compounded by the NRC's adoption of the industry's de facto "leak
first, fix later" approach. The NRC typically claims that it has not identified any health or safety
impacts from groundwater contamination by uncontrolled radioactive releases.

The operator of one U.S. reactor - at Oyster Creek in New Jersey - has announced its
commitment to replace its buried pipe systems with corrosion-resistant pipes, to be installed
above grade and in vaults in order to inspect, monitor and contain any future radioactive leaks.
The rest of the industry has said it plans to study the issue for three more years before
announcing any remediation plan. In the meantime, industry and the NRC are complacent with
the "leak first, fix later" piecemeal approach to replace sections of pipes as the radioactive leaks

percolate to the surface or are detected migrating into test wells.

TRITIUM AND NUCLEAR POWER

In the normal course of operation, a nuclear power plant releases tremendous amounts of heat
through the fission process to boil water to generate steam to produce electricity. This same
fission process generates a wide range of radioactive wastes in the form of gas, particulate, liquid
effluent and irradiated materials that emit radiation and particles at a wide range of radioactive
energies. In light water reactors, these radioactive products build up in the reactor coolant that
course through the reactor steam supply system. Radioactive fission by-products such as noble
gases are entrained in the reactor coolant. These contaminants spread throughout the entire
reactor steam supply system.

Starting with the fissionable uranium in the nuclear fuel assemblies, defects in fuel rod cladding
increase the amount and types of radioactive contamination escaping into the coolant water. No
reactor is able to completely contain contaminants in its primary cooling system. More defects
including tiny pinhole leaks and hairline cracks allow radioactive contaminants to escape from
the reactor coolant system to other systems within the reactor. Even without defects, radioactive

gas will permeate throughout reactor systems.
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Tritium is just such a radioactive gas. Tritium is radioactive hydrogen, the smallest and lightest
element of the Periodic Table. The tritium generated at nuclear power plants is routinely released
as both a radioactive gaseous and liquid effluent. Tritium is extremely pervasive and easily
permeates most kinds of materials including concrete and many grades of steel. Radioactive
tritium readily diffuses through the steel alloy that constitutes the reactor's fuel rod cladding. In
Pressurized Water Reactors (PWR), tritium is generated by the neutron activation of boron and
lithium in the reactor coolant. Tritium can easily diffuse through reactor's fuel rod cladding and
steam generator tubes into the cooling water. In Boiling Water Reactors (BWR), tritium is
generated primarily through the neutron activation of the "burnable poisons" that are used to
control fuel reactivity and by a process called "ternary fission" or the result of three fission
fragments.

Tritium reduction in nuclear power plants has not been historically pursued by the industry
primarily because of the difficulty, the cost and an industry-championed assumption that tritium
can be diluted to inconsequential low-dose radiation exposure. In fact, chronic exposure to
tritium releases is a universal health risk from every nuclear plant."

Tritium has a half-life of 12.3 years, meaning that it can present risks as a biological hazard for at
least 120 years (roughly ten half-lives). It is generated in nature by the interaction of cosmic
radiation passing through the atmosphere. Naturally occurring tritium exists as part of
background radiation and is ubiquitously found in water at very low levels (5 to 25 picocuries7

per liter). 8

However, tritium is also generated at much higher levels during the operation of the nuclear
industry for electrical power production as well as in the production and detonation of nuclear
weapons. Tritium in its radioactive gas form (HT) is routinely vented from nuclear power
stations as well as permeating through steel and concrete containment structures to escape into
the atmosphere during operations. Its liquid form, tritiated water (HTO), is chemically and
physically identical to water in all its states (ice, water, and vapor). Tritium is routinely diluted
and intentionally discharged into adjacent surface water in rivers, lakes and the ocean.

Once escaped, tritium is considered to be the most highly effective distributor of radioactivity in
the environment because it is highly mobile, going anywhere the hydrogen molecule can go.
Tritium is by far the largest volumetric routine radioactive release from nuclear power plants. A
typical 1,000 megawatt electric (MWe) Pressurized Water Reactor will release nearly 800 curies
of tritium per year, 85% of which is diluted and discharged as tritiated water. A typical 1,000
MWe Boiling Water Reactor will release 120 curies of tritium per year with 75% being released
as a radioactive gas to the atmosphere and the remaining 25% in water.9
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Tritium has a specific activity of 9,800 curies per gram
of the pure isotope.' 0 Comparatively speaking, the
specific activity or rate of decay of toxic radioactive
isotopes such as strontium-90 is 140 curies per gram and

for cesium-137 88 curies per gram. These two
radioactive isotopes are common to atomic bomb fallout
and are known to pose significant human health

'I
consequences.

Tritium is clinically shown to be more effective at

damaging and destroying living cells than gamma rays. 12

Precisely because tritium is identical to the hydrogen
atom, it is able to incorporate itself at the most intimate
biological levels where it effectively delivers its short
ranged biologically destructive energy. Tritium rapidly
exchanges with hydrogen atoms in nature including
within the biological makeup of all organic life.

In the human body, all tissues and cells are composed of

about 70% water. About 80% of the atoms are hydrogen
atoms, a significant portion of which, with chronic
exposure, can effectively be replaced by tritium.' 3

Hydrogen is by far the most common element in the
makeup of a DNA molecule. Tritium uniquely forms

While it is-true that tritium is
•ý--a low energy beta particle - -

emitter, it iS oftefn: "
rmischaracterized by industry
as a "weak" beta-emitting
radioactive particle; -

disingenuously inferring that
exposure is harmless. More
accurately;! tritium is a "low
range" beta~emitter. This is
because, as ionizing radiation,
gamma rays sparsely
distribute their energy over a
very long "track" before
depositing damaging amounts
of energy ultimately at their_
track end Tritium -: - -

-disintegrations have only
:"track ends"!' delivering more

.. .energy per disintegration.

strong bonds with carbon to form organically bound tritium (OBT). Organically bound tritium is
retained in the human body for a much longer period of time than tritiated water. Once ingested,
inhaled and absorbed, tritium exposure closely follows a cellular distribution in the body.
Tritium freely passes across the placental barrier from the mother to the fast growing cells of her
fetus. Tritium is passed just as freely later to her infant through the mother's milk. '4 Clinical
investigations have demonstrated that once mother and child are exposed, there is no difference
between the tritium concentration in fetal tissue and in maternal tissue."' Tritium is known to
cause cancers, mutations and birth defects. "t According to the U.S. National Academies of
Science, in its 7th Biological Effects of Ionizing Radiation report, any dose of radiation, no matter
how low, still carries a risk."7

Protective standards for tritium, or "permissible" exposures, vary and are embroiled in
controversy. A permitted exposure arguably does not mean a safe exposure although it is
generally misinterpreted as so. The United States Environmental Protection Agency (EPA)
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currently sets the federal protective limit for drinking water at 20,000 picocuries of tritium per
liter."8 However, the protective guideline for permissible levels of tritium in drinking water for
the state of Colorado is now limited to 500 picocuries per liter and 400 picocuries per liter in

California.' 9 A Canadian government drinking water advisory council concluded in its 2009
report that "the requirements for an appropriate level of risk and public safety" from the
permitted level of tritium discharged from Canadian nuclear power stations needs to be lowered
to 540 picocuries per liter (20 Becquerel per liter) of drinking water. 2

t) The scientific trend
strongly suggests that the current federal protective standard for tritium in drinking water is

antiquated and the dated current federal standard for "permissible" releases from nuclear power
stations needs to be dramatically reduced.

TRITIUM EXPOSURES TRIVIALIZED BY NUCLEAR INDUSTRY

While both NRC and the nuclear power industry admit that tritium exposure "health risks include
increased occurrence of cancer and genetic abnormalities in future generations," they continue to
trivialize how significant a health risk there is to neighboring populations from chronic tritium
exposure and from ground- and surface water contamination. 2

1 The potential health risks and
impacts are generally characterized as remote. The NRC has provided its evaluation of the health
and safety significance of several "abnormal releases" of tritium from nuclear power plants in its
U.S. NRC Fact Sheet, "Tritium, Radiation Protection Limits, and Drinking Water Standards." 22

The NRC writes that "Tritium is a weak form of radiation. The radiation emitted from tritium is a
low-energy beta particle that is similar to an electron. Moreover, the tritium beta particle does
not travel very far in the air and cannot penetrate the skin."2 3

All true, but the agency fails to mention how tritium once absorbed internally can effectively
deliver damage to vulnerable biological targets including a fetus and the human DNA. The NRC
fact sheet continues, "Once tritium enters the body, it disperses quickly and is uniformly
distributed throughout the soft tissues. Half of the tritium [biological half life] is excreted within
approximately 10 days after exposure.",2 4

This is a disingenuously incomplete description of how tritium is biologically taken up by plants,
animals and humans from radioactive releases. For its public audience, the agency leaves out the
more critical description of how tritium releases will bond with organic molecules or
"organically bound tritium (OBT)" and, as is generally accepted, will then have a biological half-
life of between 21 and 76 days. Chronic environmental exposures increase the deleterious risks
from the fixed binding of tritium to the carbon atom of DNA which is clinically documented

26
with an even longer biological half-life of 280 to 550 days.'5 Further study finds that organically

bound tritium can stay in the body for up to 10 years.26
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Both NRC and industry further downplay tritium exposure by comparing it as significantly less
of an exposure risk than medically accepted procedures like CT scans, dental x-rays, or natural
radioactivity ingestion of radioactive potassium in bananas or Brazil nuts or even the temporary
external exposures to cosmic radiation from a round trip airplane flight from New York to Los
Angeles. 27 All of these descriptions conveniently leave off the one critical and unique
characteristic of radioactive hydrogen which can incorporate and cause damage at the most
intimate levels of biology by replacing the most ubiquitous element in the human body,

hydrogen.

RADIOACTIVE RELEASES INCREASE AS UNINSPECTED PIPES FAIL

Postings to the United States Nuclear Regulatory Commission website's "Event Notification
Reports" readily reveal that the number of unintended and uncontrolled radioactive releases to
ground- and surface water are increasing.28 In part, this is because, since 2006, following
numerous disclosures of previously unreported spills and leaks, the nuclear industry is now
voluntarily reporting such accidents. However, without question, the increase is also due to

aging, unmaintained and deteriorating buried and underground piping systems that carry
radioactive effluent.

The nuclear industry likes to draw a distinction between "buried" pipe and "underground" pipe.
A buried pipe is a pipe that is in direct contact with earth. An underground pipe is a pipe that is

below grade but in a vaulted trench or within another conduit such as concrete. However, both
industry categories of buried and underground pipes have failed and resulted in groundwater

contamination.

Industry admits that the primary challenge is that these pipe systems are largely inaccessible.
Uninspected and unmaintained systems are then allowed to deteriorate. Pipes are made of
materials with a range of durability - from very corrosion-susceptible aluminum and coated
carbon steel to more corrosion-resistant stainless steel. The pipes deteriorate and fail by attack
from both within and without the pipe system - from corrosion and erosion. Seismic activity has
also caused pipes at nuclear power plants to fail. Additionally, pipe coatings are damaged during
installation during the backfill of pipe trenching by rocks and activity that exposes the base metal
to accelerated corrosive conditions. "Holidays" or bare metal gaps in the original application of

protective coatings during the pipe fabrication process leave installed pipes vulnerable later to
accelerated corrosion and failure.
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In addition to the failing of
pipe coatings and corrosion-
resistant materials, other
previously relied upon design
measures for buried pipe are
failing to provide adequate
protection. Cathodic
protection systems use low-
voltage direct current through
wires connected to pipe
systems. The pipe system is
designed so that any breach in
protective coatings provides a
path for electricity to flow
from buried anodes through
the ground and into the pipe
and back through cabling to
the power source. This flow of
.electricity helps slow
corrosion. However,. given
the increase in radiological
.events that have caused
ground and surface water
contamination, cathodic
protection is recognized not to
be as effective in preventing
pipe failure and uncontrolled
radioactive leakage across the
industry as was originally
intended.

Many more different variables are known to influence how and
when pipes carrying radioactive water can deteriorate and fail.
Well-known variables include how wet and acidic the soil is in
which the pipe is buried. Other less understood variables
introduce more uncertainties. Tritiated water and tritium flowing
within piping systems are known to accelerate corrosion by
permeating coatings and attacking the molecular bonds in
metals.2 9 In fact, "The damaging action of tritiated water and
tritium on the corrosion resistance of stainless steel is a very real
problem," is one critical finding in the published study by G.
Bellanger, "Corrosion Induced by Low-Energy Radionuclides:
Modeling of Tritium and Its Radiolytic and Decay Products
formed in Nuclear Installations.",3" As the study points out,
tritium induced damage can be severe and lead to pipe failure
and radioactive releases.

All of these uncertainties, shortcomings and the increase in
radioactive leaks underscore the need for more proactive
preventive measures for the protection of groundwater from the
nuclear waste generated and flowing through nuclear power
plants. The lack of nuclear industry and regulatory action has
led to an increasing number of high profile accidents that until
relatively recently were hidden away underground from state
authorities and the affected public.

A number of specific high profile events at reactors illustrate a
recurring and growing problem and the unacceptable approach
by NRC and industry.

BRAIDWOOD NUCLEAR GENERATING STATION

The Braidwood nuclear power station is located in Braceville,
Illinois, approximately 20 miles from Joliet, Illinois. 31 It is
operated by a limited liability corporation of Exelon Nuclear

Corporation which is headquartered in Chicago, Illinois. Exelon operates 17 reactor units in the
U.S. Braidwood is a two-unit Westinghouse Pressurized Water Reactor. Among the class of light
water reactors, the Pressurized Water Reactor is the largest generator of tritiated liquid releases
to the environment.
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Radioactive leaks coming from Braidwood into the public right of way were suspected and
documented as early as November 2000 when radioactive tritium and cobalt-60 were discovered
in ditchwater running along the easement between Exelon's property and Smiley Road in the
township of Godley Park District, Illinois. 32 The discovery prompted Godley town officials to
press for an investigation that would eventually unravel a series of unreported tritium leaks from
Braidwood nuclear station starting as early as 1996. Exelon finally disclosed the leaks in a
December 2, 2005 press release and report to the Nuclear Regulatory Commission. 33

What Exelon initially reported as "concentrations of tritium close to an underground pipe inside
the plant's northern boundary" would be revealed to have been 22 unreported radioactive leaks
from 1996 to 2000 occurring along a four and a half mile-long pipe running from the nuclear
station to a dilution discharge point on the Kankakee River. Two of these radioactive spills of
tritium-contaminated water were three million gallons each. Radioactively contaminated water

flowed off site into the public right of way into ditches across roads and onto private property
where ponds and shallow drinking water wells were contaminated. Millions of gallons of tritium-

laced water pooled on company property and was quietly allowed to saturate into the
groundwater table where it migrated out of sight offsite for years.

By December 6, 2005, Exelon's story would change to "initial evaluation indicated that the

tritium in the groundwater was a result of past leakage from a pipe which carries normally non-
radioactive circulating water discharge to the Kankakee River, about five miles from the site.
Several millions [sic] gallons of water leaked from the discharge pipe in 1998 and 2000. The
pipe is also used for planned liquid radioactive effluent releases with the effluent mixing with the

circulating water being discharged."34

The failing pipe system in the Braidwood case was the Circulating Water Blow Down line. The
nearly five-mile long pipe system connects the nuclear power plant and its cooling water
reservoir to the Kankakee River. Exelon states "The primary function of the Circulating Water

Blowdown System is to provide for lake turn over to prevent undesirable chemical buildup in the
lake. The secondary function of the Circ Blowdown System is to provide dilution for liquid rad
[radioactive] waste releases.",35 Exelon states that they maintain water in the pipe to
approximately 1,000,000 picocuries per liter.36 The radioactive contaminated water is calculated
to be below the 20,000 picocuries per liter permissible discharge limit once diluted in the
Kankakee River.

In this case, the failure mechanism was not corrosion of the pipe itself. In order for the

contaminated discharge water to flow freely through the blowdown line from the reactor site to
the river, Exelon installed a series of eleven vacuum breaker valves along the pipeline. The
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vacuum breaker valves were not properly monitored and maintained and several valves cycled to
failure, releasing fountains of concentrated tritiated water to the surface.

In 1996, Vacuum Breaker Valve-1 failed and leaked 250,000 gallons of radioactive water to the
surface with the only documented response being to fix the valve but with no clean-up effort of

the spill, thereby allowing the contamination to
soak into the water table.37

Exelon's Braidwood In 1998, Vacuum Breaker Valve-3 failed,

disclosures would be the spilling approximately three million gallons of

beginning of an industry- tritiated water to the surface. Once again, the

wide unraveling of only effort was to fix the valve with no

unreported leaks to documentation of a radioactive analysis being

groundwater. performed by Braidwood operators. In 2000,
Vacuum Breaker Valve-2 failed spilling
approximately three million gallons of

radioactive water to the surface. This time a local resident reported the spill to the operator.
Braidwood operators took a sample of available surface water and found that tritium was greater
than 20,000 picocuries per liter. The water was pumped back into the blowdown line with no

further groundwater analysis for tritium.38

In February 2006, following the disclosure of the Braidwood leaks, within minutes of a meeting
where the county health department strongly recommended that residents stop drinking tap
water, Exelon volunteered to purchase bottled drinking water for the approximately 600 residents
of Godley, Illinois, a policy which has remained in effect now after more than four years.39

Exelon's Braidwood nuclear power station disclosures would be the beginning of an industry-
wide unraveling of unreported leaks to groundwater.40

Nearly five years after the disclosure of a decade-long cover-up of tritium spills, Exelon claims
that its cleanup of groundwater is nearing completion, now estimated to be finished by 2012. A

private horse pond, now owned by Exelon, was converted into a large sump pit to draw down the
water table and pump the contaminated water into series of storage tanks.4' The stored tritiated
water is then pumped back into the blowdown pipe for discharge into the Kankakee River.

The extent of Braidwood's uncontrolled radioactive releases and contamination in terms of both
reach and depth into the surrounding water table may never be fully known. Spills along the
radioactive waste discharge pipeline going down to the river have resulted in contamination of

groundwater under the Braidwood Dunes and Savannah Nature Preserve two miles away where
test wells indicated tritium concentrations ranging from 2,700 to 25,000 picocuries per liter.42 At
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least eight residential properties have been purchased to date by Exelon to incorporate the area of
contamination within company property. More residential properties owners near the plant who
have yet to be remunerated remain concerned about property values and health issues.

While these uncontrolled leaks from Braidwood remain a concern, the "controlled" radioactive
releases from the nuclear power plant should be raising questions for downstream communities
taking in their drinking water from the Kankakee River. The city of Wilmington, Illinois is two
and a half miles downstream from the Braidwood radioactive waste discharge pipe. The 2008
Wilmington Annual Drinking Water Quality Report recorded tritium concentration levels as high
as 1,850 picocuries per liter in grab samples at the city drinking water treatment facility's
Kankakee River intake source.43 While the recorded tritium concentrations remain well below
the EPA permitted limit of 20,000 picocuries per liter, the samples indicate tritium in the city
drinking to be more than four times the State of California Public Health Standards for Drinking
Water Goals and more than three times the safe drinking water goals for the state of Colorado.

OYSTER CREEK NUCLEAR GENERATING STATION

The Oyster Creek nuclear plant is located in Forked River, New Jersey, on the Barnegat Bay and
the Atlantic Ocean. It is operated by a limited liability corporation of Exelon Nuclear which is
headquartered in Chicago, Illinois. It was the first of General Electric's Mark I Boiling Water
Reactors to go critical in the U.S., beginning operation in 1969, and is the oldest currently
operating nuclear power plant in the country. Among the light water reactor class, the Boiling
Water Reactor is the largest generator of tritium gaseous releases that are not only deliberately
vented to the air but permeate and seep unmonitored from reactor structures. Tritium generated
in Boiling Water Reactors also chemically replaces hydrogen in the reactors' steam and water
effluent.

Radioactive release pathways are open to both water and air. Over its operational history, Oyster
Creek has released significant amounts of radiation to the air through its 300-ft vent stack
towering over the reactor building. During its first years of operation between 1970 and 1993,
Oyster Creek released approximately 5.5 million curies of radioactive gas and particulate
through its vent stack. 4 More than I million curies of radioactive fission products were released
to the atmosphere in 1979 alone following a May 3, 1979 loss of coolant accident that likely
uncovered the reactor core just weeks after the more publicized Three Mile Island Unit 2
accident on March 28, 1979.4' Given the high mobility of tritium and incorporation into water
and water vapor, much of this radioactivity fell back to the ground as radioactive precipitation.
While intentional gaseous releases from Oyster Creek have declined they remain significant.
Future tritium and other radioactive isotopic releases depend on the condition of reactor barriers
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beginning with reactor fuel cladding, all of which can and have failed, resulting in higher routine
releases and accidental radioactive releases to the environment.

As an example, on July 26, 2000 Oyster Creek experienced a multiple failed fuel pin accident.' 6

Fuel pins, otherwise known as fuel rods, are bundled into fuel assemblies which make up the
reactor core. The fuel pin cladding wall is credited as the first line of radiation dose reduction to
the public from both gaseous and liquid radioactive effluents. As expected, Oyster Creek's

damaged reactor fuel bundles caused an increase in radioactive effluent to be released from the
reactor to the environment including radioactive noble gases, radioactive iodine and other
radioactive particulate. In total, 182 curies of radioactive gas and particulate were reported
released into the atmosphere during the third and fourth quarter of 2000 following this fuel
damage event. 47 These releases constitute an ongoing, added and cumulative radioactive burden
to the environment and biology.

Given the industry history of unreported and uncontrolled radioactive liquid releases to water,
Oyster Creek is offered as an example of the need to investigate the unmonitored pathways for
unreported radioactive gaseous releases as they constitute an additional risk to the biology by
inhalation and by ingestion and absorption through water.

Oyster Creek plays a dominant role in focusing much needed attention on the disturbing lack of

oversight, evaluation and management of deteriorating buried piping systems that carry
radioactive waste in context of the Nuclear Regulatory Commission's 20-year license extension
age management and environmental review process.

Oyster Creek had just completed a nearly four-year highly contested relicensing process when on
April 15, 2009, seven days after receiving its 20-year license extension from the NRC, Exelon
Nuclear announced the discovery of a leak involving thousands of gallons of water contaminated
with radioactive tritium into a partially buried electrical cable vault room on the reactor site.4
According to an NRC communication, the water was initially sampled and tritium was measured

by the utility in concentrations as high as 102,000 picocuries per liter.49 Approximately 3,000
gallons of radioactive water was pumped out into 55 gallon drums. However, the cable vault
room had already leaked radioactive water into the surrounding water table estimated by the

company at closer to 200,000 gallons.

Oyster Creek is surrounded by an intake and discharge canal communicating into the Barnegat
Bay. In an effort to discover the source of the leak, Exelon did further onsite monitoring well

testing in late April and found that tritium in the onsite groundwater gathered from several of the
onsite monitoring wells jumped to concentrations of 4.46 million, 5 million and 6 million
picocuries per liter .50 After excavating a series of onsite trenches, Exelon determined that two
buried carbon steel pipes (8" and 10" in diameter) had corroded through-wall holes in the pipe
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walls of the Condensate Storage System. The radioactive underground plume then migrated into
the nuclear power plant's intake and discharge cooling water canal which flows into the Bay.

Both the NRC and Exelon assured the public that once the radioactive groundwater plume was
diluted into the discharge canal flow of billions of gallons per day into the bay, it raised no
public health and safety or environmental concerns. Still, by June 12, 2009, a bottle sample that
was taken by the company 25 feet from the southern ,.-

bank of Oyster Creek's cooling intake canal (which ('

draws 1.7 billion gallons of water into the plant each Exelon offered a
day) was analyzed and still found to be tritium "summary" of its analysis
"positive" at 16,600 picocuries per liter." in an opinion piece

Exelon initially announced that the company would published in the local
newspaper as its best effort

withhold its original documentation on the root cause at bes fort

of the leaks citing that the details were business the radioactive leaksfrom

proprietary.' 2 Exelon instead offered a "summary" the reactor.
of its analysis in an opinion piece published in the *p

local newspaper as its best effort at being
forthcoming about the radioactive leaks from the reactor. The company's locally published
opinion piece attributed the leaks to improperly applied corrosion resistant pipe coatings during
the 1990s and an "erroneous assumption" provided to the NRC in work completion orders.
Exelon excavated and replaced the damaged sections of both pipes with 30-foot sections of
corrosive-resistant stainless steel piping in what is typically an industry piecemeal approach that
avoids more costly but proactive replacement of entire piping systems.

A subsequent Freedom of Information Request filed by Beyond Nuclear to the NRC disclosed
the company's Root Cause Evaluation that proved more revealing of the history of the April 15,
2009 leaks. The analysis confirmed that the 8-inch and 10-inch in diameter carbon steel pipes
were part of the Condensate Storage System and degraded by corrosion. The 8-inch line that had
been "incorrectly identified" as a stainless steel pipe in the work order closure was found to be
corrosive susceptible carbon steel.54 The NRC took no action to determine the nature of the false
work order or what other Exelon work orders might be falsely completed.

The subsequent leaks resulted from a combination of mismanagement, a loss of design control,
as well as misapplied and absence of protective coating on the piping. Between 1991 and 2009,
Oyster Creek had several changes of ownership and management that affected how the reactor's
buried pipes were to be managed including moving the pipes above ground, moving piping into
concrete trenches and replacing piping with more corrosive-resistant materials in response to
several previous leaks. 55 "However, most were not implemented.",5 6
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Most revealing, the root cause of the leaks was attributed to "management decisions [that] were
made in the mid-1990s to allow the station's operating license to expire. Modifications were not
implemented, as well as cancelled maintenance and repair activities, should have been re-
evaluated as vulnerabilities for long-term piping integrity."'57

Exelon further identified that the non-intrusive
inspection techniques available to industry

Exelon claimed (including visual inspection, Ultrasonic Testing

emphatically that it was and Guided Wave technology) all have

"confident no spill and or limitations stating, "Since 100% verification of

discharge occurred". pipe integrity is not practical, even these
extensive measures leave the site vulnerable to
localized corrosion because the methodologies

used by the buried pipe program do not, in all instances, locate defects, and cannot assess entire
continuous full lengths of pipe.'5'

On August 25, 2009, Exelon discovered a second leak involving tritium contaminated water
leaking from an aluminum condensate transfer pipe located within a penetration through a wall
of the turbine hall foundation. The pipe was inaccessible and uninspectable at the penetration of
the foundation wall. Radioactive water flowed both into the turbine building interior and outside
the building through the penetration sleeve and seeped into the groundwater. The leak was
estimated to be about 8 to 12 gallons per minute and when sampled by Exelon was determined to
contain approximately 10 million picocuries per liter of radioactive tritium. Exelon excavated
the buried portion of the aluminum pipe that was outside of the turbine hall and found that the
buried portion of the pipe outside was also leaking to the outside of the turbine building. A
temporary modification of the condensate storage system made by Exelon allowed the leakage to
be stopped on August 26 and by August 29 it had completed the pipe replacement. Again, NRC
and the company assured the public that there was no radiation impact to the public.

Even earlier in 2008 in the midst of the license renewal process itself, the state of New Jersey
had disclosed that Exelon had an "apparent lack of attention to detail with regard to laboratory
protocols and procedures" for sampling and testing for radioactive tritium in water coming from
buried pipe.5 9 While Exelon emphatically claimed that it was "confident that no spill and or
discharge occurred" the state replied "We do not agree" and further noted that discrepancies in
the company's radiation sampling protocol "raised serious concerns regarding your onsite
laboratory practices and environmental sampling protocol.'' 6°

The management, oversight and evaluation of the potential radiological impacts on the
environment from these falsely documented and deteriorated pipes and other degraded pipe
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systems carrying radioactive water completely escaped the 20-year relicensing review process
before the Nuclear Regulatory Commission. This raises serious questions and doubts about the
adequacy and veracity of the relicensing process and current operating systems at reactors.

VERMONT YANKEE NUCLEAR POWER PLANT

Vermont Yankee is a General Electric Mark I Boiling Water Reactor located in Vernon,
Vermont, on the banks of the Connecticut River closely bordered with New Hampshire and
Massachusetts. Vermont Yankee began operation in 1972 and is currently owned by its New
Orleans-based parent company Entergy Corporation.

Vermont Yankee has a history of large radioactive spills. The plant experienced its first such

substantial radioactive spill in 1976 when, from July 18 until July 20, 1976, Vermont Yankee
operators inadvertently pumped approximately 83,000 gallons of tritium contaminated water
through the overflow line of the waste condensate storage tank that overflowed through an open
electrical conduit box, flowed into a storm drain and into the Connecticut River. The leak was

61estimated to be 1.3 times over the regulatory limit for tritium discharge into the environment.
Television and radio stations as well as newspapers warned neighboring and downstream
communities in Vermont, New Hampshire and Massachusetts not to swim, fish or recreate in the
river until the radioactive contamination had washed and diluted further down river. The
condensate storage tank spill was confirmed to have released not only tritium but also traces of
cobalt-60, cobalt-57, cesium-137, cesium-134 and other isotopes.62

In January 2006, Entergy made application to NRC for a 20-year license extension of an already
controversial and long-contested reactor. The license renewal request was legally challenged
before the NRC licensing board by intervenors. The state of Vermont enacted a series of
legislative acts to examine and decide upon the reliability of Vermont Yankee during the
proposed license extension before the state Public Service Board could issue a certificate in the
public good for the reactor's continued operation. 63 The state of Vermont established the
Vermont Yankee Public Oversight Panel to guide, evaluate and inform its decision.

The panel of experts included in its overall evaluation Vermont Yankee's underground piping
systems that carry radioactive water.

On January 6, 2010, Entergy was notified by its contract laboratory that results from its 2009 4th

quarter ground water sampling program for Vermont Yankee "identified a very low
concentration of tritium in one well that is used to monitor station ground water." 64 The tritium
leak was discovered via a water sample taken from a 36-foot deep monitoring well just 30 feet
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from the Connecticut River .65 The initial test results spiked from a "low level" of 700
picocuries per liter to 17,000 picocuries per liter in a subsequent laboratory analysis. 66

As Entergy dug more test wells and unearthed buried systems in the hunt on the reactor site to
find which pipe or pipes were leaking, the radioactive sampling of groundwater test results
ranged widely from 22,300 picocuries per liter, to 720,000 picocuries per liter and up to 2.7

million picocuries per liter. 67 Additionally,
trace amounts of cobalt-60 and radioactive

Entergy management manganese and zinc were discovered in the
officials made false leak path. Radioactive cesium-137 was
representations to the additionally discovered in soil at the reactor

review panel, the Public. site which Entergy public relations

Service Board, and the immediately said was decades old from

state legislature that there radioactive fallout from the 1986 Chernobyl

was "no underground nuclear power accident in Ukraine and

piping cartrying atmospheric weapons testing through the

radioactive water." 1950s. Contrary to the Entergy public affairs
claim, the test results confirmed that cesium-
137 (10,260 picocuries per gram of soil), ten

times the background level for the area, pointed to the contamination coming from leaky fuel

rods in the reactor core that had migrated into the environment.68 In addition to escaping through
the liquid effluent pathway, cesium- 137 leaking from fuel rods can contaminate routine gaseous
releases to the atmosphere through a 300-feet tall vent stack and deposit radioactive fallout
beyond the reactor site.

Following discovery of the leak, Entergy sunk two dozen tests wells into the ground in its effort
to determine the direction of the flow, levels of radioactivity and the reach of the
contamination..6 9 At present, the tritiated groundwater plume is flowing down into the
Connecticut River.

The initial discovery of the tritium leak quickly escalated to questioning the trustworthiness of
Entergy officials when the company was revealed to have falsely reported to the state that there
were no buried pipes carrying radioactive water in use under the Vermont Yankee site.7 "' When
Entergy tried to downplay the discovery as a mistake, a member of the state's Public Oversight
Panel revealed a deliberate pattern of deception. 71 Beginning in October 2008, Entergy
management officials made false representations to the review panel, the Public Service Board,
and the state legislature that there was "no underground piping carrying radioactive water." The
claim would be repeated, provided in pre-filed testimony and in responses to direct questioning
sworn under oath to state regulatory authorities. 72 The Vermont Attorney General has launched
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a formal criminal investigation into perjury by Entergy management officials and local groups
have made a complaint to the United States Department of Justice.7 3

Throughout January, February and March 2010 Entergy searched for the radioactive leak. It
began to focus on a 30-foot-wide alley between the reactor and the turbine hall. Because of the
congested location and the tangle of overlapping buried pipe systems, Entergy used a high
pressure stream of water to dig a 15 to 17 feet-deep trench around the underground systems
eventually exposing a concrete pipe tunnel. The operation not only dug the hole but flushed away
much of the contamination deeper into the groundwater and into the river.

On March 25, 2010, Entergy announced that it had found the source of the radioactive leakage
from two of the pipes. The two pipes were enclosed in concrete pipe. One pipe carried liquid and
the other steam to Vermont Yankee's off-gas building where impurities are removed from steam
to be condensed and routed back to the reactor. Both pipes had deteriorated and leaked their
radioactive contents. Estimates of the amount of radioactive water that had leaked from the
degraded reactor system range from 300,000 to 1 million gallons. Entergy officials say that the
radioactive water will be collected back up, filtered, cleaned and recycled back into the reactor
system. The tritium will likely be released later into the atmosphere along with Vermont
Yankee's routine radioactive releases through its vent stack.

"The systems failed," said Neil Sheehan, spokesman for the Nuclear Regulatory Commission's
Northeast regional office. 74 More to the point, Entergy management and the NRC oversight
process failed to assess a degraded radiological system buried under an aging reactor seeking a
20-year license extension. Entergy officials failed to accurately convey to state regulators
Vermont Yankee systems that carry potentially harmful radiological consequences now and into
the future. Further, NRC has failed to take decisive licensing and enforcement action at this
reactor site as the agency has similarly failed at the growing number of leaking reactor sites
around the country.

Vermont Yankee's current operating license will expire in March 2012. Vermont Yankee is
awaiting a final decision from the NRC on its contested license extension application although
the federal agency has to date approved all of the applications for the license extension of 59
reactors without one denial. However, largely as a result of Entergy's deliberate and repeated
misrepresentations made to state legislators, regulators and their consultants under state law, on
February 24, 2010, the Vermont State Senate voted 26 to 4 to close Vermont Yankee at the end
of its current license. 5
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PALISADES NUCLEAR POWER PLANT

The Palisades nuclear reactor is a Combustion Engineering Pressurized Water Reactor located in
Covert, Michigan, on the southeastern shore of Lake Michigan. It is owned and operated by
Entergy Corporation headquartered in New Orleans, Louisiana. Palisades began operating in
1971. In early 2007, Palisades obtained a 20-year license extension from the U.S. Nuclear
Regulatory Commission (NRC), despite significant safety concerns about age-degraded systems,
structures, and components. For example, Palisades has been described as having the most
embrittled reactor pressure vessel in the U.S. Its steam generators need to be replaced for the
second time. Its reactor lid is seriously corroded, but the current owner, Entergy, has no plan to
replace it. An environmental coalition, including Beyond Nuclear staff, objected to the license
extension at this dangerously deteriorated reactor. 76

In December 2007, Palisades, as with a growing number of operating reactors in the U.S.,
disclosed that it was leaking tritium into groundwater on the site. 7

' Entergy could not identify
when the leak began so it was assumed to have occurred throughout 2007. Palisades determined
that the leaks were coming from a failed storage tank and connected underground pipes. 78

Tritium was reported in an onsite groundwater test well at 34,000 picocuries per liter. 79 Entergy
estimated that a total of 8.33 curies of tritium was leaked into groundwater with about 1% of the
failed tank and piping's tritium contents leaking out.80 For this same period, the Palisades
nuclear power station deliberately released 839 curies of radioactive tritium as liquid effluent
into Lake Michigan and 341 curies of radioactive fission and activation gases at ground level. 8'

Palisades and NRC officials downplay the health and safety significance of these radioactive
releases and concentrated contamination. For its part, Entergy Nuclear emphasized that the
discovery of tritium leaks in groundwater was made at a test well on the company's property that
is not used for drinking water. This same false argument is used repeatedly at every nuclear
power plant experiencing leaks to groundwater. Samples taken from onsite test wells are only
indicators that highly mobile tritium has escaped into the movement of groundwater.

While the leaking pipe was supposedly excavated, drained, and repaired in 2008,83 tritium levels
84continued to fluctuate in Palisades' groundwater, raising concerns that leaks of unknown origin

continued. Entergy Nuclear spokesman Mark Savage announced that the leak was caused by a
failed weld at a turn in a stainless steel pipe installed during original construction, and claimed
that this flaw had also been repaired.86
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To the immediate north of Palisades is the Van Buren State Park.8 7 Visitors at the State Park
campground use well water for drinking, cooking, and washing. To the immediate south of
Palisades nuclear power plant is Palisades Park, a private, more than century-old resort
community with 200 cabins. Portions of the Palisades Park resort community, inhabited mostly
during warm weather months, also use well water. The shoreline beaches and waters are popular
for boating, swimming and fishing.

The question remains as to how contaminated the Palisades and NRC officials

well water is at Van Buren State Park campground downplay the health and
and Palisades Park resort community. For this
reason, Beyond Nuclear is advocating expanded safety significance of these
testing for tritium to protect the health and safety of
area residents and visitors, given the documented -

radiological tritium releases from Palisades, and the

potential for tritium's concentrated contamination in area well water, utilized at the neighboring
state park campground and resort community.

Beyond Nuclear is calling for independent experts to sample area drinking water supplies, to

determine the concentration of tritium, and possibly other harmful radioactive substances, found
therein. Given the intensive use of the area for residency and recreation, it would also be
valuable to test the radiological and chemical content of area flora and fauna (such as edible
sports fish, and edible wild or cultivated plants and animals), to determine human and ecosystem
exposure to harmful radioactivity and toxic chemicals emanating from Palisades and
concentrating in the local food chain.

In addition to such acute risks from tritium described above are the chronic risks downstream.

Just a few hundred yards of loose sand beach separate the Palisades nuclear power plant from the
waters of Lake Michigan. Thus, contaminated groundwater can readily pass through this land
form and discharge directly into Lake Michigan. Palisades routinely discharges tritium and other

radioactive isotopes directly and intentionally into Lake Michigan. In fact, 31 reactors are now
routinely and accidentally releasing radioactive discharge resulting in the bioaccumulation and

biomagnification of radioactivity in the biology of the Great Lakes.

Both routine and uncontrolled releases of tritium into Lake Michigan are cause for concern. The

Great Lakes represent 20% of the surface fresh water on the planet, and Lake Michigan is one of
the Great Lakes' primary headwaters for points downstream. As a whole, the Great Lakes

supplies drinking water to more than 30 million people downstream, in the U.S., Canada, and to
numerous Native American Nations.
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Whether the tritium releases from Palisades into Lake Michigan are permitted, direct and
intentional, or unpermitted and due to leaking pipes, health concerns are raised downstream due

to chronic exposure to even dilute concentrations of tritium.

In February 2010, Entergy was quoted in the Herald-Palladium newspaper as taking a proactive
approach and replacing "all buried pipes."88 However, when asked by Beyond Nuclear staff at a
public meeting on February 24, 2010, the NRC staff could not verify if Entergy was claiming to
have replaced "all" buried pipes that carry radioactive water or just those pipes that carry water
related to safety-related functions of the reactor. 89 In follow up, Beyond Nuclear would
subsequently find that the company would later claim that Entergy spokesperson's statement was
taken out of context by the newspaper when in fact Palisades has not replaced "all" of its buried
pipes to "head off' the corrosion problem.9"

INDIAN POINT NUCLEAR POWER PLANT

The three-unit Indian Point nuclear power station is located in Buchannan, New York, on the
Hudson River 24 miles north of New York City. Indian Point Units 2 and 3 are both operating

Westinghouse Pressurized Water Reactors.

f Unit 1 was permanently closed in 1974 and

High levels of radioactive stores all of its nuclear waste in an onsite pool.

tritium were discovered The New Orleans-based Entergy Corporation is

leaking into groundwater the parent company. The current 40-year

from a crack in the 400,000 operating licenses for Units 2 and 3 expire in

gallon onsite nuclear waste September 2013 and December 2015,
storage pond. respectively. The NRC received Entergy'sapplication for the 20-year license extension of

Units 2 and 3 in April 2007 and both are being
contested by the New York State Office of Attorney General and public intervenors before the
NRC Atomic Safety Licensing Board.

Entergy reports that the Indian Point reactor site intentionally released 877 curies of liquid
radioactive effluent containing tritium and traces of other radioactive isotopes into the Hudson
River in its 2008 annual radioactive effluent release report.9'

In early September 2005, high levels of radioactive tritium were discovered leaking into
groundwater from a crack in the 400,000 gallon onsite nuclear waste storage pond for the closed
Unit 1. The time that the leak began could not be determined but the NRC assumed it had been
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going on for a long time. The leak prompted Indian Point operators to dig dozens of test wells to
determine the extent and reach of the leak. Additional radioactive isotopes were found leaking
from the reactor site including nickel-63 and strontium-90.

By 2008, strontium-90 had been discovered in several test wells on and off the site with
radioactivity readings as high as 26.4 picocuries per liter - more than three times the EPA
permissible limit for drinking water. The radioactive plume was moving into the Hudson River.
In fact, the radioactive leaks under Indian Point have created at least two large underground
radioactive "lakes" containing concentrations of tritium, strontium-90 and likely other longer
lived-isotopes. The radioactive lakes were reported in a study to have leaked from both Indian

912 913Point Unit 1 and Unit 2 nuclear waste storage ponds. A controversial study conducted by
GZA Geoenvironmental, Inc. suggests that Entergy leave these underground radioactive lakes
undisturbed until taken up as part of the decommissioning of the Indian Point reactor site.

In February 2009, 100,000 gallons of water containing radioactive tritium at 2,000 picocuries per
liter leaked onto the floor at Indian Point through a one and a half- inch hole corroded in an
uninspectable pipe buried eight feet underground. 94 The fact that the pipe had not and could not
be inspected or maintained raised concerns within and beyond the state of New York as it
represented yet another in a series of uncontrolled and unmonitored radioactive leaks springing
from nuclear power plants. The leak was again accompanied by trivializing responses from
Entergy and the NRC despite the fact that many of Entergy's nuclear power plants were by now
springing radioactive leaks and none of the nuclear giant's 11 reactors to date have a
management plan for the leaks.

On August 12, 2009, the NRC staff found that there were no issues to stop a relicensing of Indian
Point for another 20 years. This staff finding and recommendation to the licensing board comes
despite the evidence of deterioration of these systems carrying radioactive effluent, inadequate
federal oversight and the lingering absence of a company management plan to effectively
monitor, maintain and contain future radioactive leaks. 95

In January 2010, in comments to the NRC submitted by Riverkeeper, one of the legal intervenors
in the Indian Point license extension application before the NRC, the environmental organization
pointed to the ongoing inadvertent radioactive releases to the environment from nuclear power
plant buried pipes and structures. 96 Among the many salient points, Riverkeeper challenged the
NRC and industry effort to continually trivialize the known adverse biological impacts of tritium
and their assumption that radioactive contamination will be confined onsite disregarding the
highly mobile nature of tritiated water.
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AN EPIDEMIC OF RADIOACTIVE LEAKS

Appendix A of this report documents that since 1963 more than 102 reactor units have leaked
radioactive contamination in recurring events into highly mobile groundwater that carried
radioactive tritium farther and deeper into underground water resources. Under current lax
federal oversight and regulation, many more aging nuclear power plants will likely experience
new and possibly larger leaks.

From March 1, 2009 to April 15, 2010 there were 15 radioactive leaks to groundwater from 13
different US nuclear power plants.

On April 6, 2010, the Public Service Electric & Gas management was notified that its Salem
nuclear power plant on Artificial Island in New Jersey tested positive for tritium contamination
in a storm drain system that was confirmed at about 1 million picocuries per liter.97

On April 6, 2010, Tennessee Valley Authority's Browns Ferry nuclear power station in Alabama
spilled 1,000 gallons of tritiated water (2,050,000 picocuries per liter) during a transfer operation

from one tank to another when plant personnel
tf, were unable to close an open test valve for

Uncontrolled and nearly two hours. 98

unmionitored radioactive On February 9, 2010, Duke Energy's Oconee
leaksfrom nuclear power nuclear power station in South Carolina tested
plants in the United States positive for tritium in two new groundwater
are now ubiquitous. test wells onsite at 24,400 picocuries per liter

,. and 35,400 picocuries per liter.99

On January 10, 2010, Progress Energy's Shearon Harris nuclear power station in North Carolina
discovered a leak in an eight-inch diameter underground fiberglass pipe of approximately 1,000
gallons of tritiated water at 5,590 picocuries per liter that had saturated soil.10 "

On January 6, 2010, Entergy's Vermont Yankee nuclear power station in Vernon, Vermont, was
notified that a 2009 fourth quarter groundwater sample from an onsite test well was positive for
tritium with readings which would range between 7,000 picocuries per liter and 2.7 million
picocuries per liter from buried pipes that Entergy officials had denied existed while under oath
to state regulators.'""

On December 28, 2009, Entergy's Fitzpatrick nuclear power station in Oswego, New York, was
notified that the west storm drain tested positive for tritium at 938 picocuries per liter. Entergy
further disclosed that on November 3, 2009, the reactor building perimeter sump, which
communicates with the west storm drain, had tested positive for tritium at 1,474 picocuries per
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liter but had not been previously reported because there was no evidence of tritium in the storm
drain or groundwater test well at the time. "02

On November 19, 2009, Constellation Energy's Ginna nuclear power plant in Ontario, New
York, notified the state Department of Environment Protection when sediment contaminated
with an undisclosed amount of cesium-137 fell into an excavation hole from a section of buried
pipe that was being replaced. "The section of piping being replaced was between the plant storm
drain system and the discharge canal. The radioactive material was identified as Cs-l137 but was
not quantified at the time of this report." This discharge canal flows into Lake Ontario.'1 03

On September 10, 2009, Northern States Power's Monticello nuclear power plant notified the
state of Minnesota that samples from a new groundwater test well near the reactor building
sampled positive for tritium in groundwater at 21,300 picocuries per liter.,04

On August 25, 2009, Exelon's Oyster Creek nuclear power station in Lacey Township, New
Jersey, notified the state of New Jersey of a tritium leak to groundwater from a buried
condensate pipe in concentration of 10 million picocuries per liter. 105

On July 10, 2009, Exelon's Peach Bottom nuclear power station in Delta, Pennsylvania, issued a
news release that an onsite exploratory well tested positive for tritium in groundwater at 123,000
picocuries per liter. 10"

On June 6, 2009, Exelon's Dresden nuclear power station in Morris, Illinois, reports as "part of
the Station's continuing environmental monitoring and sampling program sample results from
some of the monitoring wells indicated tritium at elevated levels." The event notice further stated
"The IEPA/ IEMA regulation requires notification when a release to soil, groundwater, or
surface water goes offsite at greater than 200 pCi/l [picocuries per liter] or remains onsite greater
than 0.002 Curies. Based upon the monitoring well results and the volume and concentration of
groundwater infiltration into the nearby storm sewer, it is likely that the 0.002 Curie onsite
threshold has been exceeded." The event report does not indicate by how much more, however.
An excess of an "onsite threshold" of 0.002 Curie converts to more than 2 billion picocuries. 107

On May 11, 2009, Southern Nuclear Operating Company's Hatch nuclear power plant in Baxley,
Georgia, reported that on May 5, 2009 the operators were notified that a groundwater test well
sampled positive for tritium at 36,300 picocuries per liter. This sample was confirmed to
represent an increase in the levels of tritium in the same test well last sampled on March 16,
2009 at 5,400 picocuries per liter. 1' 8

On April 15, 2009, seven days after receiving a 20-year license extension from NRC, Exelon's
Oyster Creek nuclear power station in Lacey Township, New Jersey, notified the state of New
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Jersey of a "potential" release of tritium in a cable vault. A leak to groundwater was later
confirmed to be approximately 200,000 gallons of radioactive water as high as 6 million
picocuries per liter. 109

On April 1, 2009, Progress Energy's Shearon Harris nuclear power plant in North Carolina
reported that as part of its ongoing voluntary Groundwater Protection Initiative a leak had
occurred in the buried Cooling Tower Blowdown line and was releasing water contaminated
with tritium at 2,120 picocuries per liter into the surrounding soil. The buried pipeline is used to
routinely discharge diluted tritium releases into Harris Lake. , "

On March 3, 2009, Dominion Energy's Surry nuclear power plant near Williamsburg, Virginia,
reported that an onsite relief valve opened for about 20 minutes before it was identified and
closed down. About 400 gallons of water contaminated with tritium at 4,810 picocuries per liter
and cesium-137 at 25.1 picocuries per liter was spilled into soil."1,

The compendium of radioactive leaks from reactors to groundwater is long and continually
growing as new leaks and spills will be added to the list. Appendix A of this report provides a
more comprehensive tally of radioactive leaks involving groundwater at U.S. reactor sites from
1963 through February 28, 2009. 112

NRC AND THE LAPSE OF REGULATORY REPONSIBILITY

Groundwater flows under, through and away from every nuclear power plant site. The Nuclear
Regulatory Commission has consistently trivialized any concern for the public health and safety
in its public statements in the aftermath of buried pipe leaks. "3 NRC comments routinely
diverge from acknowledging that the full extent of the agency's regulatory responsibilities
includes both reactor safety and radiological control of releases at nuclear power plants. Safety
systems are described as those systems, structures and components whose failure could result in
damage to the reactor fuel. The NRC fact sheet on tritium leaks from buried pipes states at the
outset: "Over the past several years, minor corrosion incidents have caused leaks in buried pipes
and related systems at several U.S. nuclear power plants, contaminating groundwater with minor
levels of radioactive material. The plants' safety systems continue to function properly despite
these leaks. The types and amounts of radioactive material involved in the leaks have represented
a small fraction of limits the NRC sets to maintain public health and safety, so the leaks do not
present a risk to the public."'"14

NRC continues to assure the public that there is no nexus between uncontrolled radioactive leaks
and public health and safety. The following diagram from the US NRC fact sheet on "Buried

28



Leak First, Fix Later

Pipes from Nuclear Power Plants" graphically illustrates the point that the agency depicts that
there is no connection between drinking water, agriculture, irrigation water and other potential
biological radioactive exposure pathways coming from a leaking buried pipe. 1"5

By viewing this agency diagram, a member of the public could assume that tritium plumes run
shallow and that drinking water aquifers are universally protected. One could further assume that
tritium plumes are effectively monitored by a series of onsite monitoring wells.

In fact, federal regulations have established "minimum requirements" not only for the safety
performance of reactor systems, structures and components but also for the radiological
consequences of reactor operations and occurrences to assure and demonstrate that radioactive
effluents to the air and water are controlled and monitored. The Code of Federal Regulations
Chapter 10 Part 50 Appendix A General Design Criteria of a reactor's licensed condition
requires in Section VI Fuel and Radioactivity Control: "Criterion 60 - Control of releases of
radioactive materials to the environment. The nuclear power unit design shall include means to
control suitably the release. of radioactive materials in gaseous and liquid effluents and to handle
radioactive solid wastes produced during normal reactor operation, including anticipated
operational occurrences [emphasis added]. Sufficient holdup capacity shall be provided for
retention of gaseous and liquid effluents containing radioactive materials, particularly where
unfavorable site environmental conditions can be expected to impose unusual operational
limitations upon the release of such effluents to the environment." 116
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The same General Design Criteria goes on to require that the radiological effluent path is to be
monitored under a separate Criterion 64 requiring each licensee to adhere to maintaining that
"Means shall be provided for monitoring the reactor containment atmosphere, spaces containing
components for recirculation of loss-of-coolant accident fluids, effluent discharge paths, and the
plant environs for radioactivity that may be released from normal operations, including
anticipated operational occurrences [emphasis added], and from postulated accidents."" 7

Additionally, Code of Federal Regulation Chapter 10 Part 20 requires that each reactor operator
shall conduct its operations so that the total effective radiation dose equivalent to individual
members of the public does not exceed 0.1 rem (1mSv) in a year. "8

The federal requirement is explicit to say that the design criteria include "anticipated operational
occurrences." It is not a question of a licensee complying with one or two out of these three
licensing criteria. A nuclear power plant operator that has lost control of the radioactive effluent
pathway by releasing contaminants into groundwater and is no longer able to monitor that
radioactive effluent pathway has also lost control of reasonably and reliably calculating potential
radiation exposures to the public now and into the future. Radioactive plumes once in the
environment will move with the groundwater. The radioactive plumes can be evasive and
difficult to detect, isolate and mitigate. Once the radioactive effluent previously controlled in a
pipe has escaped, it also bypasses established radiological monitors in that pathway system.
While nuclear power plants typically have several test wells on site to periodically sample
groundwater for radioactivity, they are often too few and too far between to constitute a
reasonable and reliable monitoring program for contamination moving in unconstrained
groundwater at varying depths.

Federal regulation provides that a license may be revoked, suspended, or modified, in whole or
in part for failure to operate a nuclear power plant in accordance with the terms of its licensed
condition or for failure to observe any of the terms and provisions of the act, regulation, license,
permit or order of the Commission. '9

The NRC would not grant an initial license to an operator who displayed the potential for
repeated uncontrolled and unmonitored radioactive releases of million gallons of radioactively
contaminated water to the local environment. Yet the agency to date has deferred its enforcement
responsibilities to just such repeated and recurring radioactive leaks to ground- and surface water
from buried pipes. Operators have allowed radioactive leaks to disappear into the groundwater
table around many nuclear power stations. However, the disappearance does not necessarily
mean that there is no contamination. Instead it places neighboring communities into a game of
"hide and go seek" with deleterious radioactive contamination that may not be found for decades
rather than maintaining and enforcing proactive and preventative regulatory oversight. Federal
law was not promulgated to selectively address the least limiting regulations to accommodate its
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licensees but rather to be applied on the whole for the protection of the public now and into the
future from radiation generated within nuclear power plants. NRC has chosen to selectively
ignore its own radioactive effluent control and monitoring regulations in acquiescence to
industry financial and production interests at the expense of undue risk to the public health and

safety.

ILLEGAL RADIOACTIVE TRESPASS AND AN INDUSTRY ABOVE THE LAW

Groundwater is a protected public resource. A number of controversial accidental radioactive
releases to ground- and surface water from reactors like the Braidwood and Dresden nuclear
power plants in Illinois, Indian Point in New York, Oyster Creek in New Jersey and Vermont
Yankee in Vermont have drawn high profile attention from states and the public alike. The
nuclear industry looks to distance itself from any and all liability from the known health risks
and consequences to neighboring communities potentially caught in the path of radioactive
discharge. Still, reactor operators like Constellation Energy acknowledge that "The true risk is
legal. The plants do not have legal authorization to release radioactive material to the
groundwater. Groundwater flows through and off the plant property, potentially contaminating
private property."' 21

1 Constellation Energy, the operator of five reactor units at three sites in
Maryland and New York recognizes that an uncontrolled radioactive leak means "You have put
your radioactive waste on my property and damaged my property value. "'21 In fact, such
discharges constitute a radioactive trespass that negatively impacts property values and places
public health at increased risk to the known biological hazards of radiation exposure.

This acknowledged legal risk became reality with the recent example of a $1.13 million dollar
settlement reached in March 2010 between Exelon and the state of Illinois for groundwater
contamination stemming from three civil complaints as the result of uncontrolled releases from
three of its atomic reactors in Illinois. 12 2 The legal settlement was reached in addition to the
$11.5 million that Exelon had already agreed to pay in 2006 for a new water treatment facility
for the Godley Township District following the disclosure of unreported radioactive leaks over a
period of ten years of tritium contamination of groundwater from the nearby Braidwood nuclear
power station. 123

In March 2006, the complaint was brought by impacted citizens through the Illinois Office of
Attorney General and the State's Attorney for Will County, Illinois and filed before the Circuit
Court for the Twelfth Judicial Circuit in Will County, Illinois seeking $36.5 million in fines and
restitution. 124 The complaint related to the series of undisclosed spills of tritiated water from the
Braidwood nuclear power station in Illinois.

31



Leak First, Fix Later

Subsequently, the complaint was broadened to include radioactive spills from two more Illinois
nuclear power plants, Byron and Dresden. The complaint contended that Exelon violated eight
counts of Illinois water protection statutes governing: 1) water pollution; 2) exceeding
groundwater standards; 3) violation of non-degradation provisions; 4) discharging wastewater
without a National Pollution Discharge Elimination Systems (NPDES) permit; 5) failure to
comply with NPDES permit reporting requirements; 6) failure to ensure proper operation and
maintenance and failure to mitigate; 7) water pollution hazards, and; 8) common public
nuisance. 125

The legal resources of the nuclear industry are admittedly immense given the example that
Exelon was able to deny any guilt in all of the alleged violations and settle with the state for a

small fraction of the originally levied fines and restitution.

LEAK FIRST, "VOLUNTARILY" REPORT LATER

The 4.5 Magnitude earthquake that shook the Midwest on June 28, 2004 was perhaps the sentinel

event for revealing that groundwater contamination from uncontrolled radioactive releases was
going unreported to impacted communities by the nuclear power industry. The quake was felt at
nuclear power plant sites in Illinois and prompted Exelon to declare an unusual event at several
of its reactors. 126 Water was later found pooling on the surface at Exelon's Dresden nuclear
power station prompting workers to excavate an area on site to find a leaking buried pipe,
possibly already degraded, that had broken open during the tremor. The nuclear workers took
samples of the water to look for radioactivity and discovered that it contained high levels of
radioactive tritium measuring at one location at 10,000,000 picocuries per liter in a storm drain
that communicated offsite into the Kankakee River.

A whistle-blowing worker at the Dresden nuclear power plant anonymously called the Union of
Concerned Scientists in the Fall of 2004 to report the radioactive leak and inform David
Lochbaum, the UCS Senior Reactor Safety Engineer, that both the former operator

Commonwealth Edison and Exelon had discontinued the site's routine radiological groundwater
sampling program in 1993, likely as a cost-saving measure. Even more disturbing was the fact
that the NRC had allowed Exelon and others to discontinue their groundwater monitoring

programs. 127

An unraveling of the lack of Exelon's public reporting of radioactive leaks and the NRC
regulatory permissiveness would eventually lead to the company's admission in 2005 that many
more unreported radioactive leaks had been spilling into groundwater from nuclear power plants

around the country, most notoriously at Exelon's Braidwood nuclear power plant. It would also
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expose the federal agency's lackadaisical oversight of groundwater protection from these
radiological releases springing from aging nuclear power plants. Public confidence in the
trustworthiness of the nuclear power industry and the adequacy of NRC oversight plummeted.

The pressure upon the NRC and the industry was clearly mounting. Then freshman Illinois
Senator, Barack Obama, had drafted federal legislation to require the NRC to mandate the
nuclear industry to immediately report not only to -
the NRC, and to the state but also to the local
communities potentially in the pathway of the The industy voluntary

radioactive plume. The mandatory reporting actions are focused on

requirement measure would eventually stall in fixing and mopping up after

committee and Senator Obama failed to follow a leak to groundwater has

through for his Illinois constituents. 128 The nuclear occurred.
industry, faced with both growing public and _,,_,,,_ _ _

political pressure, concluded that either they were
going to take the initiative or the NRC was going to have to become a regulator. By 2006, the
Nuclear Energy Institute (NEI), the nuclear industry's chief lobby and troubleshooting
organization, seized the opportunity from an all-too-willing and accommodating federal
regulator to defer oversight and enforcement by introducing its "Voluntary Initiative for

Groundwater Protection" to the NRC. 129

"Tomorrow we're going to meet with the NRC in a public meeting and commit our industry to
doing this. Whether it's writ [sic] on a piece of paper that the lawyers can work with or not, I
believe that our industry and anybody else who attends that meeting is going to understand that
we either do it or we're going to have a serious problem. The reason is because NRC certainly
will be taking into consideration our initiative when they review whether they need to do other
things in terms of regulations or requirements," Ralph Andersen, NEI's Chief Health Physicist

was quoted as saying. M

The chief concern of efforts to protect communities and water resources focuses on the
fundamental difference in terms of enforcement of mandatory requirements. for prompt and
accurate reporting of groundwater contamination events and voluntary industry initiatives. The
NEI program as currently in place, and supported by the NRC, provides that a nuclear power
plant operator can voluntarily take action to detect and respond to uncontrolled leaks; voluntarily
submit a 30-day report to NRC of any radiological sample from onsite groundwater that may be
used for drinking water; and voluntarily notify state and local officials "as appropriate" for onsite
leaks and spills to groundwater and onsite or offsite water sample results exceeding established
criteria in the radiological monitoring program.
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In essence, it is the NRC that has voluntarily deferred its oversight and enforcement tools in a

trade-off for industry best efforts and good faith which had already been seriously discredited.

There is nothing in NEI's "Voluntary Groundwater Protection Initiative" that actually

proactively protects the groundwater flowing onto, under and off of nuclear power plant sites
from uncontrolled radioactive releases. The industry voluntary actions are focused on fixing and

mopping up after a leak to groundwater has occurred. In fact, the initiative serves more to
protect the industry from liability than to protect the water. One needs to only briefly ponder the

thought of "voluntary" payment of taxes to understand the federal loophole that is provided to

the nuclear industry for reporting, mitigating and preventing future groundwater contamination

from uncontrolled radioactive releases.

STUDY NOW - AND FOR YEARS TO COME; FIX LATER

The NRC and the nuclear industry have entered into another NEI voluntary initiative ironically

called "The Buried Pipe Integrity Program."

A series of events principally beginning with repeated buried pipe failures at the Oyster Creek
nuclear power plant demonstrated that the nuclear industry has lost control of buried pipe
integrity due to aging, inaccessibility and the lack of reliable testing for pipe integrity,

maintenance and containment of radioactive effluent.

Initially announced and scheduled as a public meeting on October 22, 2009 between NRC staff

and Exelon Generation Company's Oyster Creek nuclear power station to discuss two

controversial radioactive leaks in 2009 from buried pipes, the meeting was broadened. Instead, it

now included the nuclear industry's main lobby group, the Nuclear Energy Institute; the
industry's own shadow regulator, the Institute for Nuclear Power Operations; and technical

consultants invited to discuss industry plans to address uncontrolled radioactive releases from
buried pipes. Curiously, the minutes of the meeting omit all reference to the Exelon presentation

which announced the company would seek to replace all of its buried piping systems at its Oyster

Creek nuclear plant with corrosive-resistant, above-ground and vaulted piping systems by the
end of 2010. "' When questioned by NRC staff, the Exelon representative would not volunteer

the total cost estimate for the replacement work.

The rest of the day's presentations alternately announced that the rest of the nuclear industry was

to pursue "The Buried Pipe Integrity Program" as proposed and adopted by the Nuclear Energy

Institute. 131 Recognizing that "It has become evident that additional industry action is
warranted," NEI was launching a "formal initiative" to call for a "proactive approach" to provide
"reasonable assurance of structural and leakage integrity of all buried pipe with special emphasis
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on piping that contains radioactive materials."' 33 NEI's program would provide its procedures

and oversight by June 30, 2010; a risk ranking of buried pipe segments by December 31, 2010;
presentation of an inspection plan by June 30, 2011; implementation of the inspection plan by
June 30, 2012; and inspection results to be incorporated into a management plan by December
31, 2013. The program provides no schedule or dates for implementation and completion of
whatever management plan it ultimately adopts.

In fact, the industry's buried pipe integrity program is a contradiction in terms. Once a pipe is

buried, and made inaccessible to monitoring the effects of aging, corrosion and other forms of
attack, the reliability of determining its future integrity is significantly diminished.

Further, nuclear companies are burying portions of their own root cause evaluations of these
leaks from public disclosure and independent review. This effectively hides the causes, the
extent and direction of their analysis of the problem and the basis for prospective corrective
actions. The protection of groundwater and public health is too important to be left to industry
summations.

Central to any future pipe integrity program, NRC and industry need to devote significant
resources to better understand how corrosion is accelerated by exposure to tritium and tritiated
water.

Scientific research indicates that radioactive hydrogen in the form of tritiated water and tritium
gas accelerates the corrosion of metal. The tritium-induced corrosion damage even to stainless
steel can be severe.' 34 The contribution of tritium exposure to accelerated corrosion is not being

adequately evaluated by the NRC or the nuclear industry.

ROUTINE RELEASES

Every nuclear power plant releases radioactive waste to the environment as a part of its routine
operation. It does not take an accident. Radioactive leaks from buried pipes, as described in this
report, added to these routine releases permitted by the NRC, impose a cumulative radioactive
burden on the populations living downstream and downwind. That is, radioactive trespass
includes not only leaks to the groundwater from inaccessible pipes, but also the routine releases

of radioactivity to surface water and the atmosphere.

Routine releases are the result of radioactive products that build up in the reactor fuel and in the
reactor's cooling water and steam. The metal tubing of the uranium fuel rods and the welds at
the top and bottom of the rods may develop leaks or defects through which radioactive fission
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products can escape into the cooling water. The reactor vessel and related equipment become
irradiated; radioactive rust sloughs off into the cooling water. Some contaminated cooling water
may periodically be removed, stored and demineralized before being returned to the reactor
vessel. Some of the cooling water is filtered and then released in batches to the river, lake or
ocean. Some radioactive gases are released as steam; some are stored in tanks and then are
filtered and released; some gases are merely vented or purged directly to the atmosphere.

No economically feasible technology exists that can filter out some of the isotopes, like tritium.
No nuclear power plant can operate without the routine release of radioactive waste to the
environment. Therefore, the NRC permits these radioactive isotopes to be released.

Long-lived radioactivity generated by the nuclear industry is being passed along to future
generations that will receive not one watt of benefit.

Hannes Alfv~n, a 1970 Nobel Laureate in physics encapsulated the issue when he famously
stated: "The fission reactor produces both energy and radioactive waste; we want to use the
energy now and leave the radioactive waste for our children and grandchildren to take care of
This is against the ecological imperative: Thou shalt not leave a polluted and poisoned world to
future generations."

RECOMMENDATIONS

I. Regulatory oversight, authority and enforcement must be strengthened

* A prompt and fundamental shift in focus for federal oversight and enforcement is necessary.
The prevention and containment of both routine and accidental radioactive releases must
supersede the nuclear industry's economic considerations that presently rely on a "leak first, fix
later" approach with the piecemeal replacement of damaged sections of buried and underground
pipe essentially as leaks occur followed by mopping up as best as the industry is willing to
afford;

- Nuclear industry "voluntary initiatives" for groundwater protection and buried pipe integrity
should be suspended and supplanted by NRC mandatory prescriptive requirements to regain
federal regulatory oversight and enforcement authority as promulgated in 10 CFR 50 Appendix
A, General Design Criteria 60 for the control of radioactive effluent and General Design Criteria
64 for the monitoring of radioactive effluent in nuclear power plants;

- NRC should require all nuclear power plant operators to reconstitute the history and as-built
configuration of all buried, underground and above-grade pipe systems identifying all on- and
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offsite locations and the material susceptibility of all systems that currently carry and have
carried radioactive effluent.

2. Buried pipes must be promptly replaced so that systems carrying radioactive effluent
can be inspected, monitored, maintained and contained in the event of leak

Nuclear power plants must be universally required to promptly replace all of their buried piping
systems carrying radioactive water during sequential outages with newly-installed above ground
systems in vaulted corrosion-resistant materials that can then be proactively inspected,
monitored, maintained and, should a radioactive leak occur, contained in isolation from water,
air, soil and the biology.

3. The nuclear industry must be held accountable for radioactive releases to air, water and
soil

* Nuclear industry "voluntary initiatives" for reporting inadvertent radioactive releases should be
replaced with an immediate mandatory reporting requirement of all inadvertent radioactive
releases directly to the NRC, the state and potentially affected communities and the NRC should
assert its oversight responsibilities to initiate investigations and take meaningful enforcement
action when violations occur;

- The nuclear industry should be mandated to reorient its commitments from radioactive leak
management to radioactive leak prevention;

* All industry commitments regarding the protection of ground- and surface water from
radioactive releases must be in the form of legally binding written commitments made to state
and federal authorities;

- A nuclear industry-wide scientific assessment should commence immediately with independent
oversight of the accelerated corrosive effects of tritium and tritiated water attack on reactor

systems including buried pipes that carry radioactive effluent.

4. There must be more public transparency describing the source, cause and extent of
radioactive releases from nuclear power plants

- The nuclear industry should be required to make the Root Cause Evaluations of radioactive
leaks and spills from nuclear power stations a public record. Mistakes, accidents and events
affecting the protection and quality of water resources under and near nuclear power plants
should not be withheld from public disclosure as "proprietary" and "trade secret" company
documents;
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- NRC needs to require all nuclear power operators to make public all "Condition Reports"
describing and evaluating inadvertent radioactive leaks and spills as a disclosure under the
"Abnormal Occurrences" section of the publicly available Annual Radiological Effluent Release
Report currently required of nuclear power plant operators.

S. Radiation protection standards must be strengthened and applied consistently
nationwide

• Consistent radiation protection standards need to be promulgated and applied in updated federal
standards;

- Radiation protection standards need to be updated to be more protective of the most vulnerable
in our populations as expertly presented by Dr. Arjun Makhijani, as described in his Institute of
Energy and Environmental Research's "Healthy from the Start Campaign". The campaign aims
to shift the focus of radiation exposure standards from "Reference Man" to those most at risk,
namely, the developing fetus and infants and their pregnant and lactating mothers ; ,3

- Further toward these goals, NRC should adopt the conclusions and recommendations as they
pertain to both routine and accidental discharges of tritium authored by Dr. Makhijani, to
include: 136

a) The NRC should develop a policy of keeping tritium releases as low as reasonably achievable
as a supplement to its dose guidelines;

b) The upper limit for environmental concentrations for tritium should be tightened to no more
than 400 picocuries per liter on an annual average basis;

c) Nuclear plant licensees should be required to monitor rainwater and offsite groundwater in a
manner designed to detect rainwater and groundwater contamination and the results should be
reported to the NRC by licensees as part of their annual environmental reporting;

d) There should be significant penalties for failure to disclose offsite migration of radionuclides
due to leaks and accidents or contamination of offsite rainwater, groundwater, or drinking water
above 400 picocuries per liter;

e) The lower limit of detection should be lowered to 200 picocuries per liter;

g) The NRC should require licensees to make public all health and environmental documents,
including all raw measurement data and times of discharges.

mE2m1
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Appendix A

List of reactors known to have leaked radioactive effluent

Compendium of Groundwater Events at U.S. Reactors, 1963 through February 2009, David
Lochbaum, Union of Concerned Scientists:
http://www.beyondnuclear.org/storage/tritium buriedpipes groundwater compendium events s
orted by site.pdf 137

Also see: Union of Concerned Scientists Leaks Tracker:
http://www.ucsusa.org/nucl ear power/reactor-map/ernbcdded-flash-map.htmnl

Appendix B

Congressman Edward Markey Requests Government Accountability Office (GAO)
Investigation of NRC Oversight of Radioactive Leaks from Buried Pipes at Nuclear
Power Plants138

See http://markey.house. gov/docs/gao buried pipes.pdf
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