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RISKS AND ALTERNATIVE OPTIONS
ASSOCIATED WITH SPENT FUEL STORAGE AT THE
SHEARON HARRIS NUCLEAR POWER PLANT

Appendix A
Spent fuel management at the Harris plant

1. Introduction

This appendix summarizes present and proposed arrangements for managing
spent fuel at the Shearon Harris plant. Carolina Power & Light Company
(CP&L), the licensee for the plant, proposes to introduce new arrangements
for spent fuel management. For that purpose, CP&L seeks an amendment to
the plant's operating license. Unless specified otherwise, information
presented here is drawn from CP&L's application to amend the Harris license,
from CP&L's Final Safety Analysis Report (FSAR) for the Harris plant, or '
from viewgraphs shown by CP&L personnel during meetings with staff of the
Nuclear Regulatory Commission (NRC).1

2. Present and proposed spent fuel storage capacity

The Harris plant features one pressurized-water reactor (PWR). The core of
this reactor contains 157 fuel assemblies, with a center-center distance of about
8.5 inches. The Harris plant was to have four units but only the first unit was
built. (A unit consists of a reactor, a turbine-generator and associated
equipment.) A fuel handling building was built to serve all four units. This
building contains four fuel pools (A, B, C, D), a cask loading pool and three
fuel transfer canals, all interconnected but separable by gates. Figure A-1
shows a plan view of the interior of the fuel handling building.

Pools A and B
Pools A and B contain fuel racks, and are in regular use. CP&L says that fresh

fuel, and spent fuel recently discharged from the Harris reactor, is stored in
pool A. Fuel examination and repair are performed in an open space in pool

1 Meetings between NRC staff and CP&L representatives, to discuss the proposed license
amendment, were held on 3 March 1998 and 16 July 1998.
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B. Pools C and D are ﬂoodeci but do not contain racks. The cooling and water
cleanup systems for pools C and D were never completed.

Pool A now contains six racks (360 fuel assembly spaces) for PWR fuel and
three racks (363 spaces) for boiling-water reactor (BWR) fuel, for a total pool
capacity of 723 fuel assemblies. Pool B contains twelve PWR racks (768 spaces)
and seventeen BWR racks (2,057 spaces), and is licensed to store one
additional BWR rack (121 spaces), for a total, potential pool capacity of 2,946
fuel assemblies. Thus, pools A and B now have a combined, potential
capacity of 3,669 fuel assemblies. The center-center distance in the racks in

pools A and B is 10.5 inches for PWR fuel and 6.25 inches for BWR fuel.

Pools A and B store spent fuel from the Harris reactor and from CP&L's
Brunswick plant and Robinson plant. The Brunswick plant has two BWRs
while the Robinson plant has one PWR. Shipment of spent fuel from
Brunswick and Robinson to Harris is said by CP&L to be necessary to allow
core offload capacity in the pools at Brunswick and Robinson.

Pools C and D

CP&L seeks an amendment to its operating license so that it can activate pools .
C and D at Harris. By activating these pools, CP&L expects to have sufficient

storage capacity at its three nuclear plants to accommodate all the spent fuel

discharged by the four CP&L reactors (the Harris and Robinson PWRs and the

two Brunswick BWRs) through the ends of their current operating licenses.

CP&L plans to install racks in pool C in three campaigns (approximately in
2000, 2005 and 2014), to create 927 PWR spaces and 2,763 BWR spaces, for a
total capacity in this pool of 3,690 fuel assemblies. Thereafter, CP&L plans to
install racks in pool D in two campaigns (approximately in 2016 and at a date
to be determined), to create 1,025 PWR spaces. Thus, the ultimate capacity of
pools C and D will be 4,715 fuel assemblies. The center-center distance in the
racks used in these pools will be 9.0 inches for PWR fuel and 6.25 inches for

BWR fuel.

The PWR racks in pools C and D have a smaller center-center distance than
the racks in pools A and B (9.0 inches instead of 10.5 inches). This
arrangement allows more PWR fuel to be placed in a given pool area but also
means that PWR fuel in pools C and D is more prone to undergo criticality.
In response, CP&L proposes to include in the Technical Specifications for
Harris a provision that PWR fuel will not be placed in pools C and D unless it

has relatively low enrichment and high burnup.2 ‘

2 License amendment application, Enclosure 5.
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Summary

Table A-1 summarizes the present and proposed storage capacity in the Harris
pools. At present, pools A and B have a combined, potential capacity of 3,669
assemblies. The proposed, combined capacity of pools C and D will be 4,715
assemblies. Thus, activation of pools C and D will represent an increase of
about 130 percent in the number of fuel assemblies that could be stored at

Harris.
3. Support services for pools C and D

The water in a spent fuel pool must be cooled and cleaned. Figure A-2
provides a schematic view of typical cooling and cleanup systems. It will be
noted that pool water is circulated through heat exchangers, where its heat is
transferred to a secondary cooling system. - At Harris, the secondary cooling
system is the component cooling water (CCW) system. Water in the
secondary system is in turn circulated through heat exchangers, where its heat
is transferred to a tertiary cooling system. At Harris, the tertiary cooling
system is the service water (SW) system.

When the Harris plant was designed, the intention was that pools Cand D
would be cooled by the CCW system for the second unit. That unit was never
built and its CCW system does not exist. Thus, CP&L plans to cool pools C
and D by completing their partially built cooling systems and connecting
those systems to the CCW system of the first unit. The Unit 1 CCW system
already provides cooling to pools A and B and serves other, important safety
functions. For example, the Unit 1 CCW system provides cooling for the
residual heat removal (RHR) system and reactor coolant pumps of the Unit 1

reactor.
The original design concept for Harris

In the Harris plant's original design concept, pools A and B would have
served Units 1 and 4, while pools C and D would have served Units 2 and 3.
There would have been a separate, fully-redundant, 100 percent-capacity
cooling and water cleanup system for each pair of pools (A+B and C+D).
Cooling of pools C and D would have been provided by the CCW system of
Unit 2. Electrical power for the pumps that circulate water from the C and D
pools through heat exchangers (see Figure A-2) would have been supplied by
the Unit 2 electrical systems. Pools A and B would have been supported by
the CCW and electrical systems of Unit 1.
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During CP&L's planning for the activation of pools C and D, the company

considered the construction of an independent system to cool these pools.

Within that option, CP&L considered the further possibility of providing

dedicated emergency diesel generators to meet the electrical needs of pools C

and D if normal electricity supply were unavailable. Construction of an

independent cooling system for pools C and D, supported by dedicated

emergency diesel generators, could provide the level of safety that was

associated with the original design concept for Harris. However, CP&L has

not proceeded with this option.

Capacity of the Unit 1 CCW system

According to CP&L's license amendment application, the bounding heat load

from the fuel in pools C and D will be 15.6 million BTU/hour (4.6 MW).3 At

present, the Unit 1 CCW system cannot absorb this additional heat load.

Thus, CP&L proposes to include in the Technical Specifications for Harris an

interim provision that the heat load in pools C and D will not be allowed to

exceed 1.0 million BTU/hour4 CP&L daims that an additional heat load of

1.0 million BTU/hour can be accommodated by the Unit 1 CCW system, and

that the fuel to be placed in pools C and D will not create a heat load exceeding -

1.0 million BTU/hour through 2001. .

CP&L contemplates a future upgrade of the Unit 1 CCW system, so that this
system can accommodate an additional heat load of 15.6 million BTU/hour
from pools C and D. This contemplated upgrade is not described in the
present license amendment application. Apparently, CP&L intends to
perform the upgrade of the Unit 1 CCW system concurrent with a power
uprate for the Unit 1 reactor. A 4.5 percent power uprate of the reactor will be
associated with steam generator replacement, and will take effect in about
2002. About two years later, there will be a further power uprate of 1.5
percent. CP&L projects that the Unit 1 CCW heat load, including the reactor
power uprate and the ongoing use of pools C and D, will substantially exceed

the capability of the present CCW system.

To summarize, CP&L's short-term plan (through 2001) for cooling pools C
and D is to exploit the margin in the Unit 1 CCW system, so as to
accommodate an additional heat load of 1.0 million BTU/hour. CP&L's
longer-term plan is to upgrade the CCW system, in a manner not yet
specified, so as to accommodate an additional heat load of 15.6 million
BTU/hour. The CCW upgrade must also accommodate an increase in the
rated power of the Harris reactor. CP&L expects that the design of the CCW

3 L jcense amendment application, Enclosure 7, page 5-16. ‘
41 jcense amendment application, Enclosure 5.
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upgrade will commence in mid-1999 and will be complebeci in early 2001, one
year after the company expects pool C to enter service.

Safety implications

In order to exploit the margin in the existing CCW system so as to cool pools
C and D, CP&L may be obliged to require its operators to divert some CCW
flow from the RHR heat exchangers during the recirculation phase of a
design-basis loss-of-coolant accident (LOCA) event at the Harris reactor.® This
is a safety issue because, during the recirculation phase of a LOCA, operation
of the RHR system is essential to keeping the reactor core and containment in
a safe condition. CP&L's exploitation of the margin in the existing CCW
system is deemed by CP&L and NRC to constitute an "unreviewed safety
question".¢

In Enclosure 9 of its license amendment application, CP&L provides a brief
description of the analysis that is has performed to demonstrate that an
additional load of 1.0 million BTU/hour is within the marginal capacity of
the Unit 1 CCW system. That analysis is said by CP&L to take the form of a
10CFR50.59 Safety Evaluation. The description in Enclosure 9 raises more
questions than it answers, and does not address the practical issues that affect
an analysis of a cooling system's thermal margin. For example, CP&L has -
mentioned elsewhere that exploitation of the margin in the Unit 1 CCW
system could involve changes in design assumptions that include fouling
factors and tube plugging limits.? These matters are not addressed in

Enclosure 9.

As background, note that the Unit 1 CCW system has two heat exchangers,
each with a design heat transfer rate of 50 million BTU/hour. During the
recirculation phase of a design-basis LOCA, the estimated maximum heat
load to be extracted from the CCW system by the SW system is 160 million
BTU/hour.8 These numbers suggest that accommodating a design-basis
LOCA will already exploit the margin of the CCW system, without any
additional load from pools C and D.

Lack of QA documentation

Activation of pools C and D will require the completion of their cooling and
water cleanup systems, and the connection of their cooling systems to the

5 License amendment application, Enclosure 9.

é Tbid; Federal Register: January 13, 1999 (Volume 64, Number 8), pages 2237-2241.
7 Viewgraphs for presentation by CP&L to the NRC staff, 3 March 1998.

8 Harris FSAR, section 92, Amendment No. 40.
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existing CCW system. CP&L states that approximately 80 percent of the
necessary piping was completed before the second Harris reactor was
cancelled.9 However, some of the quality assurance (QA) documentation for
the completed piping is no longer available. Much of the completed piping is
embedded in concrete and is therefore difficult or impossible to inspect. To
address this situation, CP&L proposes an Alternative Plan to demonstrate
that the previously completed piping and other equipment is adequate for its
purpose.1® Nevertheless, the cooling systems for pools C and D will not
satisfy ASME code requirements.

Electrical power

The cooling systems for pools C and D will draw electrical power from the
electrical systems of Unit 1. If electricity supply to the cooling pumps for
pools C and D is interrupted, the pools will heat up and eventually boail.

CP&L says that pools C and D will begin to boil after a time period "in excess
of 13 hours", assuming a bounding decay heat load of 15.6 million
BTU/hour.11 To prevent the onset of pool boiling in the event of a loss of
offsite power, the Harris operators may be obliged to provide electrical power
to pools C and D from the existing emergency diesel generators, which also
sérve pools A and B and the Unit 1 reactor. In its license amendment .
application, CP&L does not address the ability of the emergency diesel
generators to meet the additional electrical loads associated with pools C and
D. CP&L does mention in the Harris FSAR the potential for connecting
"portable pumps" to bypass the pool cooling pumps should the latter be
inoperable.12 However, the characteristics, capabilities and availability of
such portable pumps are not addressed in the license amendment application.

4. Potential cesium-137 inventory of the Harris pools

For the purposes of Appendix E of this report, it is necessary to estimate the
potential inventory of the radioisotope cesium-137 in the Harris pools. Asa
starting point, consider the inventory ‘of cesium-137 in a typical PWR spent
fuel assembly, represented here by an average assembly in batch 16 from the
Ginna plant, discharged in April 1987. At discharge, the Ginna assembly
contained 1.4 x 105 Curies of cesium-137 per metric ton of heavy metal
(MTHM).13

9 License amendment application, Enclosure 1, page 4.

10 | jcense amendment application, Enclosure 8. '
11 License amendment application, Enclosure 7, page 5-8.

12 Harris FSAR, page 9.1.3-6, Amendment No. 48.

13 v L Sailor et al, Accidents in Spent Fuel Pools in Su f Generic Saf .

NUREG /CR-4982, July 1987, Appendix A.
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A Harris PWR assembly has a mass of 0.461 MTHM. Thus, one can estimate
that a typical Harris assembly contains, at discharge, 0.65 x 105 Curies of
cesium-137. The assembly's content of cesium-137 will decline exponentially,
with a half-life of 30 years. At the same age after discharge, a typical BWR
assembly in the Harris pools will contain about 1/4 of the amount of cesium-
137 in a Harris PWR assembly.14

Potential stock of assemblies in the Harris pools

Table A-2 shows CP&L's projection of the stock of assemblies in Harris pools

that fuel aged less than 3 years will not be shipped to Harris, one can assume,
to supplement Table A-2, that the Harris pools will contain 456 BWR
assemblies aged for 3 years, 172 PWR assemblies aged for 3 years, and 96 PWR
assemblies aged for 1 year. Hereafter, these assumptions and Table A-2 are
taken to represent the potential stock of fuel assemblies in the Harris pools.

Ont}ﬁsbasis,theHan'ispools'stockofspentfuelagedayearsorl&sswinbe

24
fuel in pools C and D. On the same basis, the Harris pools' stock of spent fuel
aged 9 years or less will be 784 PWR assemblies and 1,824 BWR assemblies.

s Ipwentory""of cesium-137

Now consider the inventory of cesium-137 in the Harris pools. Assume that
a newly discharged PWR assembly contains 0.65 x 105 Curies of cesium-137,
neglect the difference between Harris and Robinson assemblies, allow for
radioactive decay, and assume that a BWR assembly contains 1/4 of the

Pools’ stock of spent fuel aged 3 years or less will contain 2.3 x 107 Curies
(870,000 TBq) of cesium-137, with a mass of 260 kilograms. Also, the Harris
pools' stock of spent fuel aged 9 years or less will contain 7.1 x 107 Curies
(2,600,000 TBq) of cesium-137, with a mass of 790 kilograms.

14 The ratio of 1/4 derives from the parameters shown in the license amendment application,

Enclosure 7, page 5-15. :
15 Scarola of CP&L, presentation to Orange County Board of Commissioners, 9 February 1999,
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CP&L could provide a more precise projection of the cesium-137 inventory in
the Harris pools over coming years. However, our estimate will be a
reasonable indication of cesium-137 inventory during the next two decades,
assuming pools C and D are used as CP&L intends.

For comparison with the pools' inventory of cesium-137, note that the NRC
has estimated the inventory of cesium-137 in the Harris reactor core, during
normal operation, to be 4.2 x 106 Curies (155,000 TBq, or 47 kilograms).1¢ This
represents an average inventory of 0.27 x 105 Curies in each of the reactor's
157 fuel assemblies. Note that an average assembly in the core will have a
Jower cesium-137 content than an assembly at discharge, and that the NRC's
estimate may have assumed a relatively low fuel burnup.

16 S Nuclear Regulatory Commission, Final Environmental Statement Related to the
Operation of Shearon Harris Nuclear Power Plant Units 1 and 2, NUREG-0972, October 1983.
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Pool PWR spaces BWR spaces Total
‘A’ 360 363 723
‘B’ | 768 2178 2946
‘C 927 2763 3690°
‘D’ 1025 0 1025
' Total 3080 - 5304 8384
Source: License amendment application
Table A-1 _
. Present and proposed storage capacity in the Harris pools
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DECAY PERIODS FOR A BOUNDING POOLS C AND D
STORAGE CONFIGURATION
PWR Fuel Assemblies _ BWR Fuel Assemblies
Number of Assys Decay Period Number of Assys Decay Period

172 5 years 456 S years
172 7 years 456 7 years
172 9 years 456 9 years
172 11 years 456 11 years
172 13 years 456 13 years
172 15 years 483 15 years
172 17 years

172 19 years

172 21 years

172 23 yesars

232 25 years

Source: License amendment application

Table A-2

Projected stock of fuel assemblies in Harris pools C and D
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Appendix B

Potential for severe accidents at the Harris reactor

1. Introduction

In examining the risks associated with spent fuel storage at Harris, one must
consider the potential for accidents at the Harris reactor. Such consideration
is necessary for two reasons. First, a reactor accident could accompany, initiate
or exacerbate a spent fuel pool accident. Second, modification of the Harris
plant to increase its spent fuel storage capacity could increase the probability
or consequences of accidents at the Harris reactor.

This appendix addresses the potential for severe accidents at the Harris
reactor. “Severe” reactor accidents have two major defining characteristics.
First, they involve substantial damage to the reactor core, with a
corresponding release of radioactive material from the fuel assemblies.
Second, they extend the envelope of potential accidents beyond the "design
basis” accidents that were considered when US reactors were first licensed.

During a severe reactor accident, radioactive material may be released to the
environment, as an atmospheric plume or by entry into ground or surface

accident and the 1986 Chernobyly accident were both severe accidents,
involving substantial damage to the reactor core. However, the TMI release
was comparatively small and the Chernobyl release was comparatively large.

2 Probabilistic risk assessment

The probabilities and consequences of potential accidents at nuclear facilities
can be estimated through the techniques of probabilistic risk assessment
(PRA). Nudear facility PRAs are performed at three levels. At Level 1, a PRA
will estimate the probability of a specified type of accident (e.g., severe core
damage at a reactor). At Level 2--which builds upon Level 1 findings, a PRA
will estimate the nature of potential radioactive releases from the facility. In
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turn, the Level 2 findings can be used in a Level 3 exercise, which will
estimate the offsite consequences (health effects, economic effects, etc.) of
radioactive releases. For all three levels, a PRA can be performed for
mnternal” accident-initiating events (equipment failure, operator error, etc.)
and for "external” accident-initiating events (earthquakes, floods, etc.).l

PRA methodology is used for non-reactor nuclear facilities, but is most highly
developed in its application to reactors. The first PRA was the Reactor Safety
Study (WASH-1400), which was published by the US Nuclear Regulatory
Commission (NRC) in 1975.2 The present state of the PRA art is exemplified
by a study of five nuclear power plants (NUREG-1150) published by the NRC
in 1990.3 '

Uncertainty and incompleteness of PRA findings

An in-depth PRA such as NUREG-1150 can provide useful insights regarding
a reactor's accident potential. However the findings of any PRA will
inevitably be accompanied by substantial uncertainty and incompleteness.
Uncertainty arises from the intrinsic difficulties of modelling complex
systems, and from limited understanding of some of the physical processes
that accompany severe accidents. Incompleteness arises from the potential
for unanticipated accident sequences, gross human errors, undetected
structural flaws, and acts of malice or insanity4 Thus, a PRA's finding about
the probability of an accident should be viewed with two caveats. First, the
accident probability, as found in the PRA, will fall within some range of
uncertainty. Second, the accident probability, as found in the PRA, will be a
lower bound to the true probability, which will be impossible to determine.

NUREG-1150 findings for the Surry PWRs

Figures B-1 and B-2 illustrate the findings of NUREG-1150. These figures
show the estimated core damage frequency for the Surry nuclear reactors.
These reactors are 3-loop Westinghouse pressurized-water reactors (PWRs), as

is the Harris reactor. Core damage frequency is shown per reactor-year of

1In PRA practice, it is common for analysis of externally-initiated accidents to build upon
grevious analysis of internally-initiated accidents.
US Nucdlear Regulatory Commission, Reactor Safety Study, WASH-1400 (NUREG-75/014),

October 1975.

3 US Nuclear Regulatory Comumission, ident Risks: An A
N December 1990.

4 1 Hirsch, T Einfalt, O'Schumacher and G Thompson, IAEA Safety Targets and Probabilistic
Risk Assessment, Gesellschaft fur Okologische Forschung und Beratung, Hannover, August 1989.
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5 G Thompson, i Nuclear Power Plants, Peace Research Centre, Australian
National University, October 1996. ,

6A Carter, ] Deutch and P Zelikow, "Catastrophic Terrorism", Foreign Affairs,
November/December 1998, page 80.
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The effectiveness of licensees' arrangements to resist terrorist attacks on
nuclear plants has recently been a subject of public debate. According to the
head of the NRC's Operational Safeguards Response Evaluation program,
plant security arrangements have failed in at least 14 of the 57 mock assaults
which the NRC has conducted since 1991. Nevertheless, the NRC intends to
weaken its oversight of licensees’ antiterrorism efforts.?

3. The Harris IPE and IPEEE

The NRC requires each holder of a reactor license to perform an Individual
Plant Examination (IPE), to assess the severe accident potential of that reactor.
Carolina Power and Light (CP&L) submitted an IPE for the Harris reactor in
1993.8 This was a Level 2 PRA for internal events, including in-plant
flooding but neglecting in-plant fires.

The NRC also requires each licensee to perform an Individual Plant

Examination for External Events (IPEEE). CP&L submitted an IPEEE for the

Harris reactor in 19959 This study did not follow PRA practice. Instead, it

consisted of a seismic margins analysis and a limited analysis of in-plant fires. .

IPE estimate of core damage frequency

According to the IPE performed by CP&L, the frequency of severe core damage
at Harris is 7 x 10-5 per reactor-year. This must be considered a "point"
estimate, because the Harris IPE does not provide an uncertainty band or
probability density function of the kind shown in Figures B-1 and B-2. The
IPE predicts that accident sequences involving a loss-of-coolant accident
(LOCA) will account for 40 percent of Harris' core damage frequency, while
sequences involving station blackout (loss of electrical power) will account for
26 percent of the core damage frequency. The 40 percent contribution of
LOCAs to core damage frequency is due to LOCAs with injection failure (17
percent) and LOCAs with recirculation failure (23 percent).

7 § Allen, "NRC to cut mock raids on atom plants”, The Boston Globe, 25 February 1999, page A6.
8 Carolina Power & Light Company, Shearon Harris Nuclear Power Plant, Unit No. 1:
Individual Plant Examination Submittal, August 1993.
Carolina Power & Light Company, Shearon Harris Nuclear Power Plant, Unit No. 1: ‘
ndividual Plant Examination for External Ev ubmi June 1995.
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The NRC has compiled and compared IPE findings for all US commerdial
nuclear reactors.1% Some of the results are shown in Figures B-3 and B4.
Figure B-3 shows that the reported core damage frequendies tend to be
significantly higher for PWRs than for boiling-water reactors (BWRs). Figure
B-4 shows that the reported core damage frequencies tend to be higher for 3-
loop Westinghouse (W-3) PWRs than for 2-loop and 4-loop Westinghouse
PWRs and PWRs made by Combustion Engineering (CE) and Babcock &
Wilcox (B&W). The Harris reactor is a 3-loop Westinghouse PWR.

From its compilation of IPE findings, the NRC concluded that sequences
involving LOCAS (especially LOCAs with recirculation failure) and station
blackout are major contributors to estimated core damage frequency at 3-loop
Westinghouse PWRs. This conclusion is consistent with the Harris IPE
findings outlined above. The NRC noted that the 3-loop Westinghouse
PWRs exhibit a relatively high dependence of front-line safety systems on
service water (SW), component cooling water (CCW) and heating, ventilating
& air conditioning (HVAC) systems.

IPEEE findings

The Harris IPEEE consisted of a seismic margins analysis and a limited
analysis of in-plant fires. The seismic margins analysis examined the Harris
reactor's ability to withstand a review level eathquake (RLE) of 0.3g. Note
that the reactor's safe shutdown earthquake (SSE) is 0.15g and its operating
basis earthquake is 0.075g. According to the IPEEE, the only actions required
to make the Harris reactor safe against the RLE involved housekeeping and
minor modifications, and these actions have been taken. The IPEEE did not
investigate the implications of an earthquake more severe than the RLE.

A limited analysis of in-plant fires appears in the IPEEE. This analysis
identified four fire scenarios as significant contributors to core damage
frequency. One scenario would take Place in each of switchgear rooms A and
B, and two scenarios would take place in the control room. The combined
core damage frequency, summed over all four scenarios, would be 1 x 10-5
reactor-year, but the IPEEE argues that a summation of this kind would be
inaccurate without further refinement of the analysis. .

Figures B-1 and B-2 illustrate the findings that can be generated by the
systematic application of PRA techniques to accident sequences initiated by
external events. In comparison, the Harris IPEEE is a relatively crude study.

10 US Nuclear Regulatory Commission, Individual Plant Examination Program: Perspectives on
Reactor Safety and Plant Performance, NUREG-1560 ( 3 vols), December 1997,

T
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The Harris IPE analyzes the potential for accident sequences to release
radioactive material to the environment. The IPE only considers releases to
the atmosphere during accident sequences that are initiated by internal
events. Potential releases are described by a set of release categories.

Release category RC-5 represents the largest release identified in the IPE. This
release would include 100 percent of the noble gas inventory in the reactor
core, 59 percent of the CsI inventory, and 53 percent of the CsOH inventory.
The IPE does not describe how cesium would be distributed between Csl and
CsOH. Thus, one can interpret the RC-5 release as induding 59 percent of
jodine isotopes in the core and 53-59 percent of cesium isotopes.

Accident sequences contributing to release category RC-5 would involve

steam generator tube rupture (SGTR) with a stuck-open safety relief valve

(SRV), or an inter-system LOCA (ISLOCA). The SGTR could occur as an

accident initiating event or through overheating of steam generator tubes

during an accident sequence initiated by some other event. A stuck-open

SRV, concurrent with a SGTR, would create a direct pathway from the reactor

core to the atmosphere, bypassing the containment. In an ISLOCA sequence, .
reactor cooling water would be lost from a breach in a piping system outside

the containment. This loss of water would initiate the accident, and the

water's escape pathway would provide a route for the escape of radioactivity

after core damage began.

An accident in release category RC-5 would cause substantial offsite exposure
to radioactivity. In addition, the Harris plant and its immediate surroundings
would become radioactively contaminated to the point where access by
personnel would be precluded. Accidents in other release categories would
release smaller amounts of radioactive material, but could also contaminate
the Harris plant to the point where access by personnel would be precluded.
This matter is addressed further in Appendix C.

The Harris IPE estimates the probability of release category RC-5 as 3 x 106 per
reactor-year. Note that the overall probability of core damage is estimated to
be 7 x 105 per reactor-year. Thus, the IPE predicts that 4 percent of core
damage sequences would yield a release in category RC-5. Overall, the IPE
predicts that 15 percent of core damage sequences would be accompanied by a
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significant degree of containment failure or bypass, with a total probability of
about 1 x 105 per reactor-year.11

4 Pool-reactor interactions

Neither CP&L nor NRC have performed an analysis to determine how a
severe accident or a design-basis accident at the Harris reactor might
accompany, initiate or exacerbate an accident at the Harris fuel pools, or vice
versa.12 Appendix C shows how a severe reactor acddent could initiate a pool
accddent by precluding personnel access. From Appendix E it can be inferred
that a pool accident could similarly preclude access to the reactor.

The Harris IPE does not analyze the implications that activation of pools C
and D at Harris might have for severe accidents at the Harris reactor.
Appendix A points out that activation of pools C and D will raise two safety
issues that could increase the probability of core damage at Harris. First,
cooling of pools C and D and a planned uprate in reactor power will place an
increased heat load on the component cooling water (CCW) system of Harris
Unit 1, thus adding stress to operators and equipment at Harris, potentially
increasing the probability of core damage. Second, cooling of pools C and D
will create an increased load on the electrical systems at Harris, thereby adding
stress to operators and equipment and potentially increasing the probability of
core damage. Before activation of pools C and D is permitted, these effects
should be examined through a supplement to the Harris IPE.

11 Release categories involving significant containment failure or bypass are, in descending
order of estimated probability, RC4, RC-5, RC-6, RC-1B, RC4C and RC-3. Each of these
categories involves a 100 percent release of noble gases. The Csl release fraction ranges from
.001 percent (RC-6) to 59 percent (RC-5).

12 As examples of literature relevant to potential safety interactions between fuel pools and
reactors, see: D A Lochbaum, Nuclear Waste Disposal Crisis, PennWell Books, Tulsa, OK, 1996;
and N Siu et al, f uel Pool Cooling PRA: Model and R

National Engineering Laboratory, September 1996.
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ASSOCIATED WITH SPENT FUEL STORAGE AT THE
SHEARON HARRIS NUCLEAR POWER PLANT

Appendix C

Potential for loss of water from the Harris pools

1. Introduction

This appendix considers the potential for partial or total loss of water from
one or more of the Harris fuel pools. The arrangement and use of these pools

2 Types of event that might cause water loss

A variety of events, alone or in combination, might lead to partial or
complete uncovering of spent fuel in the Harris pools. Relevant types of
event include:

(a) an earthquake, cask drop, aircraft crash, human error, equipment
failure or sabotage event that leads to direct leakage from the pools;

water by evaporation; and
(d) loss of water from active Pools into adjacent pools or canals that
have been gated off and drained.

3. Assessing the potential for water loss: the role of PRA

Carolina Power & Light Company-(CP&L) has prepared a Level 2, internal-
events PRA for the Harris reactor, in the form of an Individual Plant
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Examination (IPE). CP&L has also performed a limited assessment of the
vulnerability of the Harris reactor to earthquakes and in-plant fires, in the
form of an Individual Plant Examination for External Events (IPEEE). The
findings of the IPE and IPEEE are described in Appendix B.

The Harris IPE and IPEEE could be extended to encompass fuel pool accidents
as well as reactor accidents. Such an extension would be logical, because there
are various ways in which a severe accident or a design-basis accident at the
Harris reactor might accompany, initiate or exacerbate an accident at the
Harris fuel pools, or vice versa.! However, there is no current indication that
CP&L will extend the IPE or IPEEE, or will otherwise apply PRA techniques to
potential accidents at the Harris fuel pools.

As an indication of the need for an extended IPE and IPEEE at Harris, covering
fuel pool accidents, consider a study ormed for the NRC by analysts at the
Idaho National Engineering Laboratory.2 These analysts examined a two-unit
boiling-water reactor (BWR) plant based on the Susquehanna plant. They
estimated that the plant's probability of spent fuel pool (SFP) boiling events is
5 x 10'5 per year From Appendix B it will be noted that the Harris IPE predicts
a core damage frequency of 7 x 105 per year. (Years and reactor-years are
equivalent for Harris.) The similar magnitudes of these probabilities suggests .
that pool accidents could be a major contributor to risk at Harris, especially
considering the large inventory of long-lived radioisotopes in the Harris
pools.

A comprehensive application of PRA techniques to the Harris fuel pools is a
task beyond the scope of the author's present work for Orange County. In the
remainder of this appendix, selected issues are discussed. These discussions.
illustrate the need for a comprehensive PRA approach. '

4. Analyses of earthquake and cask drop at the Robinson plant

Analysts sponsored by the Nuclear Regulatory Commission (NRC) have
examined the effects of a severe earthquake and a cask drop on the fuel pool
at CP&L's Robinson plant3 The Robinson plant features one pressurized-
water reactor (PWR) and a single fuel pool. By examining ‘the vulnerability of

1 As examples of literature relevant to potential safety interactions between fuel pools and
reactors, see: D A Lochbaum, Nuclear Waste Disposal Crisis, PennWell Books, Tulsa, OK, 1996;
and N Siu et al, f Spen ] Pool Coolin : ] and R - Idaho

National Engineering Laboratory, September 1996.

2N Siu et al, op cit _
3 P G Prassinos et al, Seismic Failu k Dr F ‘
epresentative Nuclear Pow 5176, January 1989.
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this pool, the NRC sought to obtain knowledge that would be relevant to
other PWRs.

Earthquake

The NRC's analysis of the Robinson pool showed that there is high
confidence (95 percent) of a low probability (5 percent) of structural failure of
the pool in the event of an earthquake of 0.65g. A more severe earthquake
could cause structural failure and water loss, and the mean probability of such

an event was estimated to be 1.8 x 10-6 per reactor-year.
Cask drop

The NRC's analysts examined a four-foot drop of a 68-ton fuel shipping cask
onto the wall of the Robinson fuel pool. They estimated that the wall would
suffer significant damage. Cracking of the concrete, yield of reinforcing steel,
and tearing of the liner could be expected. Loss of pool water could follow.
The probability of this cask drop was not estimated.

Relevance of these findings to Harris

Each nudear plant has specific design features. Thus, the findings from
Robinson cannot be applied uncritically to Harris. Nevertheless, the
Robinson findings suggest that the Harris fuel pools may be vulnerable to
water loss in the event of a severe earthquake or a cask drop.

The Harris pools are partly below the site's grade level, and the tops of the
fuel racks are at grade level. However, there are rooms and passages below
the pools. Also, there are three deep cavities adjacent to the fuel handling
building, where the containments for Units 24 were to have been
constructed. Thus, the pools could drain below the tops of the fuel racks,
partially or completely, if damaged by an earthquake or cask drop.

Administrative and technical measures are employed at Harris to prevent a
cask drop onto a pool wall or into a pool. There is some probability that these
measures will fail and a cask drop will occur. No PRA estimate of this
probability is available. An NRC:-sponsored analysis found the probability of
structural failure from a cask drop at the Millstone and Ginna plants, prior to
improvements, to be 3 x 10-5 per reactor-year.# After improvements, the

4V L Sailor et d%
NUREG/CR-4982, July 1987, Table 2.10.

001758




Risks & alternative options re. spent fuel storage at Harris
Appendix C .

Page C4 B
- @

probability was estimated to be lower than 2 x 108 per reactor-year. Such a
low probability is beyond the range of credibility of PRA techniques.

5. A pool accident induced by a reactor accident

The Harris IPE predicts a core damage frequency of 7 x 10-5 per reactor-year. It
further predicts that 15 percent of core damage sequences would be
accompanied by a significant degree of containment failure or bypass, with a
total probability of about 1 x 105 per reactor-year.5 The resulting releases
could initiate a pool accident by precluding personnel access.

Radiation levels close to the plant

Figure C-1 shows the estimated whole-body dose to exposed persons

following a severe reactor accident.® The dose shown is averaged over a

range of meteorological conditions and a set of potential atmospheric releases

(PWR 1-5) from the NRC's 1975 Reactor Safety Study. Those releases

involved a cesium release fraction ranging from 1-50 percent. A similar

figure could be drawn for the releases predicted by the Harris IPE, with a

qualitatively similar result. .

From Figure C-1 it will be seen that an unprotected person one mile from the
plant will receive a whole-body dose of about 1,000 rem over one day. Closer
to the plant, the dose will be much higher, as shown in Figure C-2.7 It has
been estimated that the dose rate within a reactor containment, following a
severe accident, will be 4 million rem per hour8 Given containment failure
or bypass, doses approaching this level could be experienced outside the
containment, in locations such as the fuel handling building.

Health effects of high dose levels
A radiation dose of 500-1,000 rem will normally kill an adult person within a

few weeks, due to bone marrow damage. Doses of 1,000-5,000 rem will
damage the gastro-intestinal tract, causing extensive internal bleeding and

5 Release categories involving significant containment failure or bypass are, in descending order
of estimated probability, RC-4, RC-5, RC-6, RC-1B, RC4C and RC-3. Each of these categories
involves a 100 percent release of noble gases. The Cs release fraction ranges from .001 percent
(RC-6) to 59 percent (RC-5).
6 Figure C-1 is adapted from Figure 3.5-10 of: B Shleien, Preparedness and Response in
MM@Q US Department of Health and Human Services, August 1983.

Figure C-2 is adapted from Slide 16 of: ] A Martin et al, Pilot Program:

Pilot Program: NRC Severe Reactor
é@mﬂm@ﬁﬁmmmm February 1987, Volume 4.
R P Burke etal, In- nsiderati fi ima)l Offsite R Reactor i

NUREG /CR-2925, November 1982, Table B.2.
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death within a few days. Doses above 10,000 rem will lead to failure of the
central nervous system, causing death within a day.?

Prevention of access, and its implications

It is clear that a severe accident at the Harris reactor, accompanied by
containment failure or bypass, would preclude personnel access to the plant.
To this author's knowledge, CP&L has made no preparations to maintain
pool cooling after such an event. It can be assumed that pool cooling would
cease during the accident, and would not resume.

In CP&L's application for a license amendment to activate pools C and D at
Harris, the bounding decay heat load for pools C and D is estimated to be 15.6
million BTU/hour (4.6 MW). CP&L states that the mass of water in these two
pools, above the racks, will be 2.9 million pounds (1,320 tonnes). Then, CP&L
estimates that the pools will begin to boil, if pool cooling systems become
inoperative, after a period "in excess of 13 hours".10 If we assume that cooling
Temains inoperative, and that 4.6 MW of heat is solely devoted to boiling off
1,320 tonnes of water, then this water will be entirely evaporated over a
period of 180 hours (7.5 days). In practice, a slightly longer period will be
required, accounting for heat losses. :

the fuel had been uncovered, they would run the risk of exacerbating the
accident by inhibiting convective circulation of air in the pools (see Appendix
D). :

6. A sabotage/terrorism event involving siphoning

Appendix B discusses the potential for acts of malice at nudlear plants. A
potential act of this kind at Harris would involve a group taking control of
the fuel handling building, shutting down the pool cooling systems, and
siphoning water from the pools. The consequent uncovering of fuel could
initiate an exothermic reaction in recently discharged fuel within a few hours
(see Appendix D). Once such a reaction was initiated, access to the fuel
handling building would be precluded. Over the subsequent hours,
exothermic reactions would be initiated in older fuel.

9 B Flowers et al, Royal Commission on Environmental Pollution, Sixth Report, Cmnd. 6618, Her
Maijesty's Stationery Office, London, September 1976, page 23.

10 {icense amendment application, Enclosure 7, page 5-8.
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The group would require military skills and equipment to take control of the
fuel handling building. Siphoning water from the pools would be a
comparatively easy task. Escape by the group would be difficult but not
impossible. The probability of this scenario cannot be predicted by PRA
techniques.

001761



Risks & alternative options re. spent fuel storage at Harris

Appendix C
Page C-7
103 1 Illlfll, BRI I I o
© .
= N
2
Oﬁ.? ]
e 7
3
89.'- 102__ —
88 F 3
.9 — —
ge [ .
@ 8
oT
£z | -
sg
35 10 — -
2 3 3
b * -~ -~
£ T 7
& - -
s i _
g L] . N
1 10 100 1000
Dlstanoe(Mlles)

Curve A Individual located outdoors without protection. SF's (1.0, 0.7). l-day exposure 1o
radionuclides on ground.

Curve B Sheltering, SF's 0.75, 0.33), 6-hour exposure to radionuclides on ground.
Curve C Evacuation, S-hour delay time, 10 mph.

Curve D Sheltering, SFs (0.5, 0.08), 6-hour exposure to radionuclides on ground,
Curve E Evacuation, 3-hour delay time, 10 mph,

Figure C-1
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RISKS AND ALTERNATIVE OPTIONS
ASSOCIATED WITH SPENT FUEL STORAGE AT THE
SHEARON HARRIS NUCLEAR POWER PLANT

Appendix D

Potential for exothermic reactions in the Harris pools

1. Introduction

If water is totally or partially lost from one or more of the Harris fuel pools,
the potential exists for an exothermic reaction between the fuel cladding and
air or steam. The cladding is a zirconium alloy that begins to react vigorously

available, a runaway reaction can occur. Heat from the exothermic reaction
can increase cladding temperature, which will in turn increase the reaction
rate, resulting in a runaway reaction.

The potential for a partial or total loss of water from the Harris pools is
addressed in Appendix C. Here, the consequent potential for exothermic
reactions is considered. Also, this appendix considers the potential for
exothermic reactions to release radioactive material - especially the
radioisotope cesium-137 — from spent fuel to the atmosphere outside the

Harris plant.

1 G Thompson, tory R to the Potential for R Accidents: xamp)
iling-Water Reactors, Institute for Resource and Security Studies, Cambridge, MA, February
1991.
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2 Configuration of the Harris pools

A plan view of the Harris fuel handling building is provided in Figure A-1 of
Appendix A. Figure D-1 shows a typical rack used in the Harris fuel pools.
Carolina Power & Light Company (CP&L) has not published detailed
information about the dimensions and configuration of the Harris racks,
claiming that this information is proprietary. The center-center distances in
the Harris racks are described in Appendix A.

Figure D-2 shows CP&L's intentions regarding placement of racks in pool C at
Harris. It will be noted that the largest gap between the racks and the pool

wall will be 2.4 inches, while the gap between racks will typically be 0.6 inches.
In other words, the pool will be tightly packed with racks. Moreover, the

racks will be tightly packed with fuel.

Effect of pool configuration on convective heat transfer

Examination of Figures D-1 and D-2 shows that convective circulation of air

or water through the racks is limited to one pathway. Water (if the pool is

full) or air (if the pool is empty) must enter the racks from below and pass ‘
upward through the fuel spaces. During Phases and IT of rack placement in

pool C, air or water could reach the base of the racks from parts of the pool

without racks. After racks are placed in Phase III, air or water must pass

downward in the gap (1.4-2.4 inches) between the racks and the pool wall, and

then travel horizontally across the bottom of the pool before entering racks

from below.

It is further evident that the presence of residual water in the lower part of
the pool would prevent convective circulation of air through the racks, in
any of the three phases of rack placement. In this case, the only significant
source of convective cooling would be from steam rising through the racks.
This steam would be generated by the passage of heat from fuel assemblies to
residual water, via conduction or thermal radiation.

Heat transfer pathways

Heat will be generated in the fuel assemblies by radioactive decay. Also, heat

will be generated by exothermic reactions with zirconium, if these reactions

are initiated. In the event of partial or total loss of water from a pool, the

following pathways will be available to remove heat from the fuel assemblies,

assuming that the assemblies remain intact: ‘
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(a) upward convection of air (for total loss of water) or steam (for
partial loss of water);

(b) upward or downward conduction along the fuel rods and rack
structure;

(c) upward or downward thermal radiation along the narrow passages
between fuel rods, and between assemblies and rack walls;

(d) upward thermal radiation from the top of the racks to the interior
of the fuel handling building;

(e) downward thermal radiation from the bottom of the racks to the
base of the pool or to residual water (if present); and

() lateral conduction and thermal radiation across the racks to the pool
wall.

For a fuel assembly separated from the pool wall by more than a few spaces,
pathway (f) will be ineffective. Thus, only pathways (a) through (e) need to be
considered. In the event of total loss of water, the effectiveness of pathway (a)
will depend upon the extent of ventilation in the fuel handling building.

3. A scoping approach to heat transfer

To assess the effectiveness of the above-mentioned heat transfer pathways, it
is appropriate to begin with a scoping analysis. Detailed calculations,
espedially if they involve computer modelling, must be guided by physical
insight. Scoping calculations can help to provide that insight.

Decay heat output

The first parameter to be considered — designated here as Q ~ is the decay heat
in a spent fuel assembly. The unit of Q is kW per metric ton of heavy metal
(MTHM) in the assembly. For PWR fuel, Q is about 10 kW/MTHM for fuel
aged 1 year from discharge, and about 1 kW/MTHM for fuel aged 10 years.2

Upper bound of temperature rise

Now consider a fuel pellet which is in complete thermal isolation. Due to
decay heat, this pellet will experience a temperature rise of 11Q degrees C per
hour.3 Thus, if Q=10, the temperature rise will be 110 degrees C per hour
(2,640 degrees C per day). A temperature rise of 11Q degrees C per hour is the

zForﬁxelbmnupstypicalofmn'entpracﬁce,QwillachmllybelMOperceNMgherﬂnnthe
values shown here. - —— . ’
3 Assuming that a uranium dioxide pellet has a specific heat of 300 J/K per kg of pellet (340 J /K

per kg of HM).
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upper bound to the temperature rise that could be experienced by a fuel
assembly, absent the initiation of an exothermic reaction of the cladding.

Heat transfer by conduction

Next, consider conduction along the fuel rods. A Harris PWR assembly has
264 rods, each containing 1.74 kg of HM. Each rod is 12 ft long, with an outer
diameter of 0.374 inches, a cladding thickness of 0.0225 inches, and a pellet
diameter of 0.3225 inches.# Assume that decay heat is generated uniformly
along the length of the rod, conduction along the rod is the only heat transfer
mechanism, and the two ends of the rod have the same temperature, Y
(degrees C). Then, the temperature at the middle of the rod will be Y+2,000Q
degrees C.5 This result could be viewed as counter-intuitive, because the
decay heat in each rod is only 0.48Q Watts per meter of rod.

Convective cooling by steam

Now consider convective cooling of a fuel assembly by upward motion of

steam that is generated from residual water at the lower end of the assembly.

Neglect other heat transfer mechanisms, assume that decay heat is generated

uniformly along the length of the fuel rods, and assume that the temperature .
of the residual water is 100 degrees C. Define S as the submerged fraction of

the assembly and T (degrees C) as the temperature of steam leaving the top of

the fuel assembly. Neglect the thermal inertia of the pellets and cladding.

Then, the amount of steam generated is proportional to S, while the decay

heat captured by this steam is proportional to (1-S). It follows that$

T = 100 + (2,260/2.1) x [(1-5)/5]}

Note that Q does not enter this equation. If one-tenth of a fuel assembly is
submerged (S = 0.1), this equation yields a T of 9,800 degrees C. A temperature
of this magnitude would not be generated in practice, because of thermal
inertia and the operation of other heat transfer mechanisms.” However, the
calculation establishes an important point. Convective cooling of fuel
assemblies by steam from residual water will be ineffective when the
submerged fraction of the assemblies is small. ‘

4 Harris FSAR, Section 1.3, Amendment No. 30.
5 Assuming that the cladding’s thermal conductivity is 17.3 W/mK, the pellets’ conductivity is

1.99 W/mK, and pellets are in perfect contact with each other and the dadding.

é Assuming that the latent heat of evaporation of water is 2,260 k] /kg and the speific heat of

steam is 2.1 k] /kgK. v

7 The singularity of the T-equation at S=0 reflects the lack of consideration of other heat ’
transfer mechanisms.
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Cooling by thermal radiation

If residual water is present, there Temains only one potentially effective
mechanism of heat transfer from the mid-length of a fuel assembly - thermal
radiation along the axis of the assembly. Note that a Harris PWR assemb}

has an active length of 12 feet, a cross-section 8.4 inches square, and contains

Summary

The preceding scoping calculations show that conduction and convective
cooling by steam will be relatively ineffective. These cooling mechanisms
cannot prevent fuel cladding from reaching a temperature of at least 1,000
degrees C — the initiation point for a runaway exothermic reaction even for
fuel aged in excess of 10 years. An estimate of the effectiveness of axia]
radiation cooling — the only remaining cooling mechanism if residual water
is present — would require more detailed calculations. However, this author
does not expect that such calculations would show axial radiation cooling to
be more effective than conduction or convective cooling by steam.

If residual water is not present, a fuel assembly can be cooled by convective
circulation of air. Estimation of the effectiveness of this mechanism requires
an analysis of convective circulation through the pool and the fuel handling
building, reflecting practical factors such as constrictions at the base of fuel

racks.
4 Specifications for an adequate, practical analysis

There has been no site-specific analysis of the potential for exothermic
reactions in the Harris pools. Generic analyses have been performed for and
by the US Nuclear Regulatory Commission (NRC). Before addressing the

findings and adequacy of the NRC's generic analyses, let us consider the
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ingredients that are necessary if an analysis is to provide practical guidance
about the potential for exothermic reactions in the Harris spent fuel pools.
Sections 2 and 3 of this appendix provide a basis for specifying those
ingredients. .

Partial and complete uncovering of fuel

First, the analysis should not be limited to instantaneous, complete loss of
water from a pool. Such a condition is unrealistic in any accident scenario
which preserves the configuration of the spent fuel racks. If water is lost by
drainage or evaporation and no makeup occurs, then complete loss of water
will always be preceded by partial uncovering of the fuel. If makeup is
considered, the water level could fall, rise or remain static for long periods.

Partial uncovering of the fuel will often be a more severe condition than
complete loss of water. As shown above, convective heat loss is suppressed
by residual water at the base of the fuel assemblies. As a result, longer-
discharged fuel with a lower Q may undergo a runaway steam-zirconium
reaction during partial uncovering while it would not undergo a runaway
air-zirconium reaction if the pool were instantaneously emptied.

In a situation of falling water level, a fuel assembly might first undergo a
runaway steam-zirconjum reaction, then switch to an air-zirconium reaction
as water falls below the base of the rack and convective air flow is established.
In this manner, a Tunaway air-zirconium reaction could occur in a fuel
assembly that is too long-discharged (and therefore has too low a Q) to suffer
such a reaction in the event of instantaneous, complete loss of water.
Conversely, a rising water level could precipitate a runaway steam-zirconium
reaction in a fuel assembly that had previously been completely uncovered
but had not necessarily suffered a runaway air-zirconjum reaction while in
that condition. The latter point is highly significant in the context of
emergency measures to recover control of a pool which has experienced water
loss. Inappropriate addition of water to a pool could exacerbate the accident.

Computer modelling

An adequate analysis of the potential for exothermic reactions will require
computer modelling. The modelling should consider both partial and
complete uncovering and the transition from one of these states to the other.
Also, the modelling should cover: (a) thermal radiation, conduction, and
steam or air convection; (b) air-zirconium and steam-zirconium reactions; (c)
variations along the fuel rod axis; (d) radial variations within a representative
fuel rod, induding effects of the pellet-cladding gap; and (e) cdlad swelling and
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rupture. Experiments will probably be required to support and validate the
modelling.

Site-specific factors

pools and the fuel handling building. All relevant factors should be
accounted for. This could be done through site-spedific modelling. ‘
Alternatively, generic modelling could be performed across the envelope of
site-specific parameters, with sensitivity analyses to show the effects of
varying those parameters.

Propagation of exothermic reactions to adjacent assemblies

this reaction might propagate to adjacent assemblies. Due to their lower Qor
to other factors, the adjacent assemblies might not otherwise suffer an
exothermic reaction. An analysis of propagation should consider the

5. The 1979 Sandia study

An initial analysis of the potential for exothermic reactions was made for the
NRC by Sandia Laboratories in 1979.8 This was a respectable analysis as a first
attempt. It considered partial drainage of a pool, although it used a crude heat
transfer model to study that problem, and neglected to consider the steam-

Figure D-3 illustrates the findings of the Sandia study. The three lower
curves in Figure D-3 show the sensitivity of convective air cooling to the .
diameter of the hole in the base of the fuel racks. The next higher curve — the

® A S Benjamin et al, Spent Fuel Heatup Following Loss of Water r During Storage, NUREG/CR-
0649, March 1979,
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"blocked inlets” case — shows the suppression of bonvecﬁvé air cooling due to
the presence of residual water. The dashed curve shows the effect of an air-
zirconium reaction. The runaway nature of that reaction is evident.

Note that the analysis underlying Figure D-3 assumed a cylindrical rack
arrangement with a center-center distance of about 13 inches. Also, the
analysis assumed a gap of 16 inches between the racks and the pool wall. The
Harris racks are more compact and are packed more tightly into their pools.
These factors will tend to inhibit convective air cooling at Harris.

6. Subsequent studies

The 1979 Sandia study could have been the first of a series of studies that
moved toward the level of adequacy specified in Section 4. Since 1979 the
NRC has sponsored or performed a variety of studies related to the initiation
of exothermic reactions in fuel pools.? However, the scope of these studies
has narrowed, and their potential for building on the 1979 study has not been

realized.
Failure to consider partial uncovering

A major weakness of the NRC's studies since 1979 has been their focus on a
postulated scenario of total, instantaneous loss of water. This appendix shows
clearly that partial uncovering of fuel will often be a more severe condition
than complete loss of water. Thus, however sophisticated the NRC's
modelling of spent fuel heatup might be, the findings have limited relevance
to the practical potential for exothermic reactions.

Brookhaven National Laboratory (BNL) has developed the SHARP code to
replace the SFUEL code first developed at Sandia. BNL authors have claimed
that the SHARP code can more accurately predict spent fuel heatup in realistic
spent fuel pool configurations.1® A review of the SHARP code is beyond the
scope of this report. Applied to spent fuel in a generic, high-density
configuration in an instantaneously emptied pool, the SHARP code finds that
the fuel cladding will reach a "critical” temperature (565 degrees C) if aged less
than 17 months for PWR fuel or 7 months for BWR fuel.1l The relevance of
this finding to the Harris pools is unclear.

9 See, for example: V L Sailor et al, Accidents i Fuel in Su
Safety Issue 82, NUREG /CR-4982, July 1987; and R ] Travis et al, A Safety and Regulatory
Assessment of Generic BWR and PWR Permane Nuclear Power Plants
%mm@&&ﬂﬁdwswﬂwm

W0 R) Travisetal, page34.

11 mid.

001771



Risks & alternative options re. spent fuel storage at Harris
Appendix D .
Page D-9

Propagation of exothermic reactions

Pursuant to a Freedom of Information request, the NRC released in 1984 a so-
called draft report by MIT and Sandia authors on the propagation of an air-
Zirconium reaction in a fuel Pool.12 This document has been repeatedly cited
in subsequent years, although it should properly be regarded as notes toward a
draft report. Those notes were submitted to the NRC after the Project ran out
of funds; it was never completed. .

Section 4 for analysis of Propagation have not been met.
7. The potential for an atmospheric release of radioactive materia]

Spent fuel at Harris which suffers an exothermic reaction will release
radioactive material to the fuel handling building. That building is not
designed as a containment structure, and is not likely to be effective in this
role, given the occurrence of exothermic reactions in one or more pools. A
BNL study has concluded that a reasonable, generic estimate of the release
fraction of cesium isotopes, from affected fuel to the atmosphere outside the
Plant, is 100 percent.14 This release fraction is used in Appendix E.

The amount of fuel that will suffer an exothermic reaction, given a loss of
water from the Harris pools, will depend upon the particular scenario. For
scenarios which involve partial uncovering of fuel, the reaction could affect
fuel aged 10 or more years. For scenarios which involve total loss of water,

12N A Pisano et al, ial for Pr ation o If-Sustaini irconju
Followi f T in Fuel Storage Pool, Draft Report, January 1984,
ByL Sailor et al.
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the reaction will be initiated only in younger fuel, perhaps aged no more than
1-2 years. However, if clad/pellet relocation is properly factored into a
propagation analysis, this analysis may show that a reaction will propagate to
much older fuel.

Appendix E considers two potential releases of cesium-137 from the Harris
pools. One release corresponds to an exothermic reaction in fuel aged 9 years
or less. The other release corresponds to a reaction in fuel aged 3 years or less.
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Source: License amendment application

Figure D-1
Typical rack used in the Harris pools
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Figure D-2

Proposed rack placement in Harris pool C
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RISKS AND ALTERNATIVE OPTIONS
ASSOCIATED WITH SPENT FUEL STORAGE AT THE
SHEARON HARRIS NUCLEAR POWER PLANT

; Introduction
This appendix outlines some of the Potential consequences of postulated large
releases of cesium-137 from the Harris plant to the atmosphere. Such

2 Characteristics of postulated releases

Two spent fuel release scenarios are postulated here. The first scenario
involves a release of 2.3 x 107 Curies (870,000 TBq) of cesium-137, with a mass
of 260-kilograms.! This represents-the cesium-137 inventory in Harris' stock
of spent fuel aged 3 years or less, as estimated in Appendix A. The second
Scenario involves a release of 7.1 x 107 Curies (2,600,000 TBq) of cesium-137,
with a mass of 790 kilograms. This represents the cesium-137 inventory in
Harris' stock of spent fuel aged 9 years or less. Note that all of the cesium-137
in the affected fuel is assumed to reach the atmosphere, an assumption which

11 Curie is equivalent to 3.7 x 102 TBq. 1TBq of cesium-137 is equivalent to 0.3 grams.

001778



Risks & alternative options re. spent fuel storage at Harris
Appendix E ‘
Page E-2

just as it dominates the offsite exposure attributable to the 1986 Chernobyl
reactor accident? Note that cesium-137 has a half-life of 30 years.

A severe accident at the Harris reactor could also release cesium-137 to the
atmosphere. Appendix A notes that the US Nuclear Regulatory Commission
(NRC) has estimated the inventory of cesium-137 in the core of the Harris
reactor, during normal operation, to be to be 4.2 x 106 Curies (155,000 TBq, or
47 kilograms). As summarized in Appendix B, an individual plant
examination (IPE) study by Carolina Power & Light Company (CP&L) has
identified six categories of potential significant release due to severe accidents
at the Harris reactor. Release category RC-5, the most severe release category,
would involve a release to the atmosphere of 53-59 percent of the cesium
isotopes in the reactor core. Thus, given the NRC's estimate of core
inventory, release category RC-5 would involve an atmospheric release of 2.2-
2.5 x 106 Curies (82,000-92,000 TBq, or 25-28 kilograms) of cesium-137.

Chernobyl and weapons testing releases

For comparison with the above-mentioned potential releases, consider two
actual releases — from the Chernobyl accident and from atmospheric testing of
nuclear weapons. The 1986 Chernoby] reactor accident released about 90,000
TBq (27 kilograms) of cesium-137 to the atmosphere, representing 40 percent
of the cesium-137 in the reactor core.? Through 1980, about 740,000 TBq (220
kilograms) of cesium-137 were deposited as fallout in the Northern
Hemisphere, as a result of atmospheric testing of nuclear weapons.4 Note
that the fallout from weapons testing was distributed over a larger area than
the fallout from the Chernobyl accident, and a larger fraction of it descended
on oceans and lightly inhabited areas.

3. Contamination of land

A useful indicator of the consequences of a cesium-137 release is the area of
contaminated land. Here, contamination is measured by the external (whole-
body) radiation dose that people will receive if they live in a contaminated
area. When cesium-137 is deposited from an airborne plume, it will adhere
to the ground, vegetation and structures. From these locations, it will emit
gamma radiation which provides an external radiation dose to an exposed
person. Cesium-137 will also enter the food chain and water sources, thereby

2 US Department of Energy, Health & Environmental Consequences of the Chernoby] Nuclear
i June 1987; A S Krass, Consequences of the Chemoby}

é&ﬁdﬂ& Institute for Resource & Security Studies, Cambridge, MA, December 1991.
Krass, op cit.
4 US Department of Energy, op dit.
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providing an internal radiation dose to a person living in the contaminated
area. Absent any Countermeasures, the internal dose could be of a similar
magnitude to the external dose.

area contaminated during a range of actual meteorological conditions. The
lower and upper limits of land contamination in Figure E-1 represent a range
of potential meteorological conditions,

The threshold for land contamination

fold increase above the typical level of background radiation (which is about
0.1 rem/year). In its 1975 Reactor Safety Study, the NRC used a threshold of
10 rem over 30 years as an exposure level above which populations were
assumed to be relocated from rural areas. The same study used a threshold of

political, economic, cultural, legal and scientific influences, It is safe to say
that few citizens would calmly accept a level of radiation exposure which
substantially exceeds background levels.

Land contamination from potential Harris releases

5 J Beyea, "The Effects of Releases to the Atmosphere of Radioactivity from Hypothetical
Large-Scale Accidents at the Proposed Gorleben Waste Treatment Facility", in Chapter 3 of

Report of the Gorleben Internationa] Review, presented (in German) to the Government of
Lower Saxony, March 1979,
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of cesium-137 from spent fuel aged up to 9 years or up to 3 years, respectively.
A release of 2 million Curies corresponds to the most severe reactor accident
identified in the Harris IPE.

For typical meteorology, Figure E-1 indicates that a release of 2 million Curies
would contaminate 4,000-5,000 square kilometers of land, A release of 20
million Curies would contaminate 50,000-60,000 square kilometers. Finally, a
release of 70 million Curies would contaminate about 150,000 square
kilometers of land. Note that the total area of North Carolina is 136,000
square kilometers and the state’s land area is 127,000 square kilometers.6

Potentially exposed population

According to CP&L's Final Safety Analysis Report (FSAR) for the Harris plant,
an estimated 1.8 million people will live within 50 miles of the plant in 2000,
while 2.2 million people will live within that radius in 2020.7 A 50 mile-
radius circle encompasses an area of 20,300 square kilometers.

If a substantial release of cesium-137 occurs at Harris, the shape and size of the
resulting contaminated area will depend on the size of the release and the
meteorological conditions during the period of the release. If the wind
direction is constant during the release and the atmosphere remains stable,
the contaminated area will be comparatively narrow and extended
downwind. Changing wind direction during the release period and a less
stable atmosphere will produce a more "smeared out” pattern of
contamination.

A computer modelling exercise could be performed, to predict patterns of
contamination under different meteorological conditions. This exercise

could ascribe a probability, assuming a postulated release, that a particular
population falls within an area contaminated above a specified threshold.

4.  Health effects of radiation

The health effects of exposure to jonizing radiation can be broadly categorized
as early and delayed effects. For our postulated releases of cesium-137, early
health effects could be suffered by some people in the immediate vicinity of
the plant. However, most of the health effects would be delayed effects,
espedially cancer, which are manifested years after the initial exposure.

6 MMM&MM Pharos Books, New York, 1990.
7 Harris FSAR, Section 2.1.3, Amendment No. 2.
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Note that a release during a reactor accident (e.g., release category RC-5 at
Harris) will contain short-lived radioisotopes as well as cesium-137. Under
certain conditions of meteorology and emergency response, the presence of
these short-lived radioisotopes in the release could cause many early health
effects. Spent fuel contains comparatively small amounts of short-lived
radioisotopes. Thus, early health effects are comparatively unlikely if a
release occurs from a spent fuel pool.

Table E-1 shows an estimate of the excess cancer mortality attributable to
continuous eXposiire to a relatively low radiation dose rate. This estimate
was made by the BEIR V committee of the National Research Council.® In
Table E-1, a continuous exposure of 1 mSv/year (0.1 rem/year) is assumed to
occur throughout life. Such an exposure is estimated to increase the number
of fatal cancers, above the normally expected level, by 2.5 percent for males

- and 3.4 percent for females, with an average of 16-18 years of life lost per
excess death. If the dose-response function were linear, it would follow that
continuous, lifetime exposure to 10 mSv/ year (1 rem/year) would increase
the number of fatal cancers by 25 percent for males and 34 percent for females.
The shape of the dose-response function is a subject of ongoing debate.

If people continued to Occupy urban areas contaminated with cesium-137 to
an external exposure level just below 25 rem over 30 years, as was assumed in
the Reactor Safety Study, their average exposure during this 30-year period
would be 8 mSv/year (0.8 rem/year). An additional, internal exposure would
arise from contamination of food and water. After 30 years, rates of external
and internal exposure would decling; consistent with the decay of cesium-137.
Note that over a period of 300 years (10 half-lives), the activity of cesium-137
will decay to one-thousandth of its initial level,

5. Economic consequences of a release of radioactivity

Computer models have been developed for estimating the economic
consequences of large atmospheric releases of radioactive materials. Findings
from such models have been used by the NRC to evaluate the cost-benefit
ratio of introducing measures to reduce the probabilities or consequences of
spent fuel pool accidents.10 A review of these models, findings and cost-

8 National Research Coundil, Health Eff f Exposur w Levels of Ionizi diation:
BEIR YV, National Academy Press, Washington, DC, 1990. Table E-1 is adapted from Table 4-2

9 The exposure of 1 mSv/year is additional to background radiation, whose effects are
accounted for in the normal expectation of cancer mortality.
10 See, for example: E D Throm, Reeul Analysis for the Resolution of i

n i is Acd i Fuel | 1 Aplil]989;andIH]oetal,
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benefit analyses is beyond the scope of this report. However, a brief
examination of the NRC's literature reveals that findings in this area rest on
assumptions and value judgements that are not dearly articulated and
deserve thorough public review.

Previous sections of this appendix have shown that potential releases of
cesium-137 from the Harris spent fuel pools could lead to the relocation of
large populations and ongoing radiation exposure to large, unrelocated
populations. Relocation implies abandonment of large amounts of land,
other natural resources and fixed capital. Political and social effects would be
significant, and would have economic implications. Useful analysis of these
matters would require a more sophisticated approach than is evident in
literature generated by and for the NRC.
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ESTIMATED LIFETIME RISK PER 100,000 PERSONS EXPOSED TO 1mSv
PER YEAR, CONTINUOUSLY THROUGHOUT LIFE

Males Females

* Point estimate of excess 520 600

mortality
« 90 percent confidence limits 410-980 500-930
» Normal expectation 20,560 17,520 '
¢ Excess as percent of normal 2.5 34
 Average years of life lost per v 16 18

excess death

Table E-1

Excess cancer mortality from continuous exposure to radiation:
BEIR V estimate
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2.0 THERMAL-HYDRAULIC ANALYSES

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

assessment discussed in Section .

before any fuel uncovery is 100 hours or more for an SFP in which pressurized-water reactor

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

(60 GWD/MTU)

DECAY TIME PWR BWR ]
f 60 days | 100 hours (>4 days) 145 hours (>6 days) —]
[iyear 195 hours (>8 days) 253 hours (>10 days)
L?_ years 272 hours (>11 days) 337 hours (>14 days)

5 years 400 hours (>16 days) 459 hours (>19 days)

10 years 476 hours (>19 days) 532 hours (>22 days)

uncovery) before a zirconium fire depends on various factors, incl
burnup, fuel storage configuration, building ventilation rates and ai
oxidation rates. While the February 2000 study indicated that for

available (after complete fuel
uding decay heat rate, fuel

r flow paths, and fuel cladding
the cases analyzed a required

decay time of 5 years would preclude a zirconium fire, the revised analyses show that it is not

feasible, without numerous constraints, to define a generic deca

y heat level (and therefore decay

time) beyond which a zirconium fire is not physically possible. Heat removal is very sensitive to
these constraints, and two of these constraints, fuel assembly geometry and spent fuel pool

rack configuration, are plant specific. Both are also subject to unpredictable changes as a result

of the severe seismic, cask drop, and possibly other dy

the pool. Therefore, since the decay heat source remains nonnegligi

since configurations that ensure sufficient air flow? for cooling ca

*Although a reduced air flow condition could reduce th
fire would not be possible, there is sufficient uncertainty in th
would be reached and if it couid be maintained. It is not pos
would not occur because of a lack of oxygen. Blockage of t

2-1

€ oxygen levels to a point where a
e available data as to when this level
sible to predict when a zirconium fire
he air flow around the fuel could be

October 2000
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fire cannot be precluded, although the likelihood may be reduced by accident management
measures. .

Figure 2.1 plots the heatup time air-cooled PWR and BWR fuel take to heat up from 30 °C to
900 °C versus time since reactor shutdown. The figure shows that after 4 years, PWR fuel
could reach the point of fission product release in about 24 hours. Figure 2.2 shows the timing
of the event by comparing the air-cooled calculations to an adiabatic heatup calculation for PWR
fuel with a burnup of 60 GWD/MTU. The figure indicates an unrealistic result that until 2 years
have passed the air-cooled heatup rates are faster than the adiabatic heatup rates. This is
because the air-cooled case includes heat addition from oxidation while the adiabatic case does
not. In the early years after shutdown, the additional heat source from oxidation at higher
temperatures is high enough to offset any benefit from air cooling. This result is discussed
further in Appendix 1A. The results using obstructed airflow (adiabatic heatup) show that at

5 years after shutdown, the release of fission products may occur approximately 24 hours after
the accident.

in summary, 60 days after reactor shutdown for boildown type events, there is considerable time
(>100 hours) to take action to preclude a fission product release or zirconium fire before
uncovering the top of the fuel. However, if the fuel is uncovered, heatup to the zirconium ignition
temperature during the first years after shutdown would take less than 10 hours even with
unobstructed air flow. After 5 years, the heatup would take at least 24 hours even with
obstructed air flow cases. Therefore, a zirconium fire would still be possible after 5 years for
cases involving obstructed air flow and unsuccessful accident management measures. These
results and how they affect SFP risk and decommissioning regulations are discussed in
Sections 3 and 4 of this study.

caused by collapsed structures and/or a partial draindown of the SFP coolant or by
reconfiguration of the fuel assemblies during a seismic event or heavy load drop. A loss of SFP
building ventilation could also preclude or inhibit effective cooling. As discussed in Appendix 1A,
air flow blockage without any recovery actions could resuit in a near-adiabatic fuel heatup and a
zirconium fire even after 5 years.

2-2 October 2000
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1. Introduction

Table 1.3 Sammary of PWR plant classes and associated auclear
power plants.
) e
Class
s Arkansas Nuclear One,1 * Crystal River 3 ¢ Davis-Besse * Oconce 1,283
Babcock & ¢ Three Mile Island
Wilcox
@&w) The B&W plants usc once-through steam gencrstors. Primary system feed-and-bleed cooling can be
established through the pressurizer power relief valves using the high-pressure injection (HPI) system.
The HP! pump shutoff head is greater than the pressurizer safety relicf valve sctpoint. Emergency
core cooling recirculation (ECCR) requires manual alignment to the contsinment sumps. The reactor
coolant pumps (RCPs) are geacrally a Byron Jackson design. .
.* Arkansas Nuclear One,2 * Calvest Cliffs 1&2+ Fort Calhoun 1 * Maioe Yankee
e Millstone 2 ¢ Palisades ¢ Palo Verde 1,2&3 e+ San Onofre 2&3
Combustioa ¢ St Lucie 1&2 * Waterford 3
Engineering
(CE) The CE plants use U-tube steam generators with mixed capability to establish feed-and-bleed cooling.
Several CE plants are designed without pressurizer power-operated velves. The RCPs are a Byron
Jackson design.
Westinghouse | ¢ Ginna o Kewaunce o Point Beach 1&2 ¢ Prairie Island 1&2
2-loop i
These plants use U-tube steam gencrators and are designed with air-operated pressurizer relief valves.
Two independent sources of high-pressure cooling are available to the RCP seals. Decay heat can be
removed from the primary system using feed-and-biced cooling. ECCR requires manual switchover
to the containment sumps. The RCPs are a Westinghouse design. h
* Beaver Valiey 1 ¢ Beaver Valley 2 ¢ Farley 1&2 * North Anna 1&2
Westinghouse | ¢ Robinson 2 ¢ Shearon Harris 1 ¢ Summer * Sumry 1&2
3-loop * Turkey Point 3&4
This group is similar in design to the Westinghouse 2-loop group. The RCPs are a Westinghouse
design.
« Braidwood 1&2 * Byron 1&2 ¢ Callaway ¢ Catawba 1&2
* Comanche Peak 1&2 ¢ DC Cook 1&2 ¢ Diablo Canyon 1&2 * Haddam Neck 4
¢ Indian Point 2 * Indian Point 3 ¢ McGuire 1&2 ¢ Milistone 3
Westinghouse | © Salem 1&2 * Seabrook * Sequoyah 1&2 * South Texas 1&2
4-loop * Vogtle 1&2 * Watts Bar 1 * Wolf Creek «* Zion 1&2

NUREG-1560

The Westinghouse 4-loop group includes nine plants housed within ice condenser containments.
Many of these plants have large refucling water storage tanks such that switchover to ECCR. either is
not ueeded during the assumed mission time or is significantly delayed. The RCPs are a
Westinghouse design.

1-8
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disposal capacity would praobably not be needed before about the year 2040 to avoid storing spent fuel at a
reactor for more than 30 years after expiration of reactor operating licenses.

Second, the NWPA prohibits the opening of an MRS until a3 permanent repository has been selected and
constructed (Pub. L. 97-425). Morecver, the findings of environmental assessments for the MRS and permanent
repository must be incorporated in facility design (DOE/RW-0187; GAO/RCED-90-103). Both of these
requirements could cause additional delays in the availability of an MRS or permanent repository, necessitating
longer on-site storage of the additional spent fuel. Current efforts to identify a host site for an MRS are unlikely to
provide for a completed facility by 1998 (GAO/RCED-91-194).

Third, plant refurbishment during license renewal may also adversely affect spent-fuel storage capacity. Utilities
may use fuei pools for interim storage of reactor components, as is being done at Vermont Yankee.

During the license renewal period, utilities will focus increasingly on dry storage methods for spent fuel. Either
wet or dry storage would meet NRC's Waste Management Confidence Decision Review (49 FR 171; 10 CFR 50 and
51; 54 FR 187), but dry storage is growing in favor because it is more stable. Enlarging spent-fuel racks, adding
racks to existing pool arrays, reconfiguring spent fuel with neutron-absorbing racks, and employing double-tiered
storage will continue to be pursued; however, above-ground dry storage, utility sharing of spent fuel, and
increased fuei burnup to reduce spent-fuel volumes will be the most favored methods until a permanent off-site
repository or MRS becomes available, as shown by the study sample and industry-wide survey (Roberts 1987,
Mullen et al. 1988; Zacha 1988; Johnson 1989; Fisher 1988).

Industry experience with spent-fuel storage, coupled with supplemental studies of the integrity of pool and dry
storage systems, indicates that spent fuel generally can be stored safely on site with minimal environmental
impacts (55 FR 38474; NUREG-1092). However, a maintenance concern with spent-fuel pools at permanently
closed power plants was identified recently (Nuclear Waste News 1994). In January 1994, at the permanently
shutdown (since 1978) Dresden Unit 1, a large amount of pool water leaked from a frozen service-water pipe
located in the unheated containment building. Because the spent fuel had cooled for 15 years, lowering the pool
water depth in this case did not cause significant increases in worker exposure. However, this incident has led to
additional safety precautions’ being implemented at all permanently shutdown plants.

Extended pool storage provides a benign environment that does not lead to degradation of the integrity of
spent-fuel rods. Moreover, continuing advances in dry storage techniques, particularly in standardization of
procedures and equipment, indicate that these systems are simple, passive, and easily maintained (53 FR 31651;
NUREG-1092; Mullen et al. 1988).

For pool storage, while plant life extension could possibly increase the likelihood of inadvertent criticality through
dense-racking or spent-fuel handling accidents, NRC regulations are in place to satisfactorily address this
problem. In addition, studies of fuel rod or cladding failures indicate that fuel rods should remain secure well
beyond the period of piant life extension, if it becomes necessary to continue pool storage on site (EPRI NP-3765;
AIF/NESP-032; EPRI NP-5983; Bailey 1990; Gilbert et al. 1990; 55 FR 38474).

As a result of the operational experience demonstrated by Surry, Robinson, Oconee, and Ft. St. Vrain, NRC has
determined that ISFSI methods of dry storage are sufficiently well developed, safe, and dependable to permit the
generic licensing for any nuclear plant licensee (provided the plant licensee notifies NRC of the intent to use an
ISFSI, uses NRC-certified casks, follows all specified conditions for their use, and provides a full description and
safety assessment of the proposed site for an ISFSI) (55 FR 29181; 53 FR 31651). Worker and popuiation
exposures are minimal, and ISFSIs use only a small fraction of available land. Environmental assessments
undertaken for all ISFSIs have resulted in issuance of findings of no significant impact (NRC Dockets 72-2, 72-3,
72-4, and 72-9).

The principal occupational expasures from spent-fuel management will occur during repackaging of spent-fuel
rods and during construction and handling activities associated with moving and storing spent-fuel bundles and
racks. While these impacts are expected to vary by the amount of fuel requiring storage, occupational doses
during the period of license renewal are not expected to result in doses in excess of present levels (Section 4.6.3).
Environmental impacts to on-site land availability should be minimal, given the small amount of land required for
expanded spent-fuel pools and dry storage facilities.

6.4.6.3 On-Site Storage of Spent Fuel

Current and potential environmental impacts from spent-fuel storage have been studied extensively and are well
understood. Storage of spent fuel in spent-fuel pools was considered for each plant in the safety and
environmental reviews at the construction permit and operating license stage. The Commission has studied the
safety and environmental effects of the temporary storage of spent fuel after cessation of reactor operation and
published a generic determination of no significant environmental impact in its regulations at 10 CFR 51.23. The
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environmental impacts of storing spent fuel on site in a fuel pool for 10 years prior to shipping for off-site disposal
were assessed and are included within the environmental data given by Table S-3, found in the Commission's
regulations at 10 CFR 51.51. Environmental assessments (EA) for expanding the fuel-pool storage capacity have
been conducted for more than 50 plants. A finding of no significant environmental impact was reached for each

. fuel-pool capacity expansion. Dry cask storage at an ISFSI is the other technology used for spent-fuel storage on

site. The Commission has conducted EAs for seven site-specific licensed ISFSIs and has reached a finding of no
significant environmental impact for each. The Commission has recently amended its regulations in 10 CFR 72 to
allow power reactor licensees to store spent fuel on their sites under a general license. The environmental impacts
of implementing this rule were analyzed in an EA that incorporated EAs performed for previous rulemakings
related to 10 CFR 72 and for the Commission's Waste Confidence Decision.

At the construction permit and operating license stage, both the 10 CFR 50 safety review and the 10 CFR 51
environmental review contributed to understanding the potential radiological and nonradiological environmental
impacts of fuel-pool construction and operation. The design and operating conditions of spent-fuel pools and their
various auxiliary systems were reviewed to ensure that the design criteria of Appendix A to 10 CFR 50 are met.
These criteria address (1) control of releases of radioactive materials to the environment, (2) fuel storage and
handling and radioactivity control, (3) prevention of criticality in fuel storage and handling, (4) monitoring fuel
and waste storage, and (5) monitoring radioactive releases. These criteria ensure that radioactive releases to the
environment are controlled and acceptable and that effluent discharge paths and the plant environs are monitored
for radioactivity. Appendix I to 10 CFR 50 provides the numerical objectives for the design objectives and limiting
conditions for operation required to meet the ALARA criterion for radioactive material in the total effluent from an
LWR. The objectives were quoted earlier in this chapter and include an objective that total radicactive material in
liquid effluent should not result in an annual dose or dose commitment to the total body or to any organ of an
individual in an unrestricted area for all pathways of exposure in excess of 5 mrem. In addition, the caiculated
annual total quantity of radioactive material, except tritium and dissolved gases, should not exceed 5 Ci for each
reactor at a site. Appendix I objectives for annual total gaseous effluent of radioactive material for all reactors at a
site is that gamma radiation doses should not exceed 10 mrad and beta radiation doses should not exceed

20 mrad for an individual located at or beyond the site boundary. Radioactive materials from the spent-fuel pool
contribute a small fraction of the total radioactive materials released from a plant. It is the total releases that
need to meet Appendix I numerical objectives. In the construction permit and operating license review for each
plant, a thorough assessment is made of calculated releases of curies per year of radioactive materials in both
liquid effluent and in gaseous effluent, the exposure pathways, and the impacts to man and biota other than man.

The Commission has considered whether radioactive wastes generated in nuclear power reactors can be
subsequently disposed of without undue risk to the public health and safety and the environment. As stated in its
regulations at 10 CFR 51.23:

(a) The Commission has made a generic determination that, if necessary, spent fuel generated in any reactor can
be stored safely and without significant environmental impact for at least 30 years beyond the licensed life for
operation (which may include the term of a revised or renewed license) of that reactor at its spent-fuel storage
basin or at either on-site or off-site independent fuel storage installations. Further, the Commission believes that
there is reasonable assurance that at least one mined geological repository will be available within the first
quarter of the twenty-first century, and sufficient repository capacity will be available within 30 years beyond the
licensed life for operation of any reactor to dispose of the commercial high-level waste and spent fuel originating
in such reactor and generated up to that time.

In accordance with this determination the rule also provides that no discussion is required concerning
environmental impacts of spent-fuel storage for the period following the term of the reactor operating license,
including a renewed license. The waste confidence determination was first published in 1984 at 49 FR 34694,
August 31, 1984 and was amended in 1990 at 55 FR 38474, September 18, 1990. Additional information and
explanation of the safety and environmental considerations supporting the waste confidence determination are
given in the notice of the proposed rule amendment, 54 FR 39767, September 28, 1989,

The environmental impacts of storing spent fuel on site in a fuel pool for 10 years prior to shipping for off-site
disposal are incorporated in the data presented in Table S-3. The environmental impacts of storage of spent fuel
in a fuel pool are given in Table 2.5 of NUREG-0116, Environmental Survey of the Reprocessing and Waste
Management Portions of the LWR Fuel Cycle. Commitment of fand, water consumption, chemical effluent,
gaseous, liquid and solid radiological effluent, and thermal effluent are all negligible.

Since 1984, licensees have continued to provide safe and environmentally innocuous additional reactor-pool
storage capacity through reracking. Over 50 reviews for the expansion of fuel-pool capacity have been completed
by the Commission. Each review has resulted in a finding of no significant environmental impact. The reracking
activities take place within existing structures and aiready disturbed land areas, and the changes in radiological,
nonradiological, and thermal effluent are negligible.
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Dry storage of spent fuel at ISFSI has been extensively studied by the Commission, and the environmental
impacts are well understood. Licensing requirements for the independent storage of spent fuel and HLW are given
in 10 CFR 72. In part, these regulations cover siting evaluation factors, general design criteria, general license for
storage of spent fuel at power reactor sites, and approval of spent-fuel storage casks.

6.4.6.4 On-Site Dry Cask Storage

General licensees can use only casks listed under 10 CFR 72.214.

EAs prepared for site-specific licenses include site description, need for action, alternatives, site and environment,
description of the ISFSI, environmental impacts of proposed action, safeguards for spent fuel, decommissioning,
and finding of no significant impact. Under the environmental impacts of the action, the following are considered:
land use and terrestrial resources, water use and aquatic resources, noise and air-quality impacts of construction,
socioeconomic impacts of construction, radiological impacts of construction, radiological impacts of routine
operations, off-site dose, collective occupational dose, radiological impacts of off-normal events and accidents,
land use and terrestrial resources, water use and aquatic resources, other effects of operation, and resources
committed.

Using the Calvert Cliffs Nuclear Power Plant Site ISFSI EA as typical, the following impacts are evaluated. Land
use is about six acres, which is within the owner-controlled area of 2300 acres. During construction of the pad,
water for cleaning, drinking, and fugitive dust control was transported to the site by truck. Storm-water runoff
and sediment were controlled according to local codes. Air quality had a temporary increase of suspended

The exposure of the nearest resident, 4705 ft from the facility, when the facility is filled with design-basis spent
fuel in 120 modules, the license limit, is less than one mrem/year. The exposure of that resident from other
operations at the site is 13.5 mrem/year. These exposures are well within the requirements of 10 CFR 72.104 and

The Commission prepares an EA for each approved cask listed in 10 CFR 72.214, These EAs are tiered off the
“Final Waste Confidence Decision," August 31, 1984 (49 FR 34688), the Environment Assessment for 10 CFR 72
"Requirements for the Independent Storage of Spent Fuel and High-Leve/ Radioactive Waste," NUREG-1092
(August 1984), and the "Environmental Assessment for Proposed Rule Entitled " Storage of Spent Nuclear Fuel in
NRC-Approved Storage Casks at Nuclear Power Reactor Sites,"" for the proposed rule published on May 5, 1989
(54 FR 19379). Additional impacts evaluated are those associated with the construction, use, and disposal of the
cask. These impacts are very small compared to the total impact of the steel industry, plastics industry, and the
concrete industry. The incremental impacts of cask use are considered small. No effluents, either gaseous or
liquid, are expected from the sealed casks. Incremental radiation doses off site are also considered to be small
compared to those from the other operations on the site. Based on the above summary a finding of no significant
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fnitiol 1SESH Hieense or amendment {or
which application is made is required in
any environmental report, )
environmental impaet stalement,
environmental assessment or other
analysis prepared in conneclion with
corlitin actions. This rule nffects only the
licensing and operation of nuclear
power plants. Entities secking or holding
Commission licenses for such Bacilities
do not tall within the scope of:the
definition of small businesses found in
section 34 of the Small Business Act, 15
U.S.C. $32. in the Small Business Size
Standards set out in regulations issued
by the Small Business Administration at
13 CFR part 121. or in the NRC's size
standards published December 9. 1985 -
{50 FR 50241}

Backfit Analysis

This finul rule does not modify or add
to systems, structures. components or
design of a facility: the design approval
or manufaciuring license for a facility: or
the procedures or organization requirced
to design, construct or operate i facility.
Accordingly. no backfit analysis
pursuant to 10 CFR 50.109(c) is required
for this final rule. :

List of Subjects in 10 CFR Part 51 -

Administration practice und
procedurc. Environmental impaut
statement, Nuclear materials, Nuclear

power plants and reaclors, Reporting
and récordkeeping requirements.

For the reasons set out in the

" preamble and under the authority of the

Atomic Energy Act of 1954, as amended.

"the Energy-Reorgarization Act of 1974,

as amended. nnd 8 U.S.C. 552 and 553.
the NRC is udopting the following
amendment to 10 CFR part 51

PART 51—ENVIRONMENTAL
PROTECTION REGULATIONS FOR
DOMESTIC LICENSING AND RELATED
REGULATORY FUNCTIONS

1. The nuthority citation for part 51

_continues to read as follows:

Authority: Sec. 101, 68 Stal. 948, as
amended (42 U.5.C. 2201); secs. 201, as

_ amended. 202, B8 Stat. 1242, a8 ainended. 1244

(42 U.S.C. 5841, Sati. .

Subypart A also issued under National
Envirenmental Policy Act of 1969, secs. 102,
104, 105, 83 Stat. 853-854, as amended (42

. USC. 932, 4334: 4335): and T'ub, L., 95-604. .
_Tilll: 1. 52 Siat. AD3-3041. Sedctions S1.20.
L0, 51,60, 51.01, 51,80, and 51.97 also issuad

under sees. 135, 141, Pub, L. 97-425, 96.Stol.
2932, 2241, and sec. 148, T, 1. 100-203, 101
Stat, 1330-223 (42 11.5.C. 10155, 1011, 10168).
Seetion 51.22 alsa issued under see, 274, 73
Stut. 648, ns amended by 82 Stat. 3036-3038
(42U.8.C. 2021} and under Nucluar Waste
Policy Act of 19082, sec. 121, 86 Stat. 2220 {42

U.S.C. 10141). Seetions 51.43, 5107, and 5100 '

S041990  DOO4EON1T-SEP-H-I0:33:38)

alse issued under Nuclenr Waste Policy At

of 1082, sec. 114(1), 90 Stab, 2216, a8 smended
(12 UK.C 101a4(N).

. 2. Sectidn 51,23, paragraph {a] is
revised 10 read us follows:

§61.23 Temporary storage of spent tuel
after cessation of reactor operation--
generic determination of no significant
environmental impact.

(a) The Commission has made a
generic determination thal, if necessary,
spent fuel generated in any reactor Gitdl
be stored-safely and without significant
environmental impacts for al least 30
vears beyond the licensed life for
operalion {which may include the term
of a revised or renewed Ticense) of that
reactor at-its spent fuel storage basin or
at cither onsite or offsite independent
spent-fuel storage installations. Further.
the Commission believes there is '
reasonable assurance thot at leasi one
mined geologic repository will be
available within the first quarter ol the
twenty-first century. and sufficient
reposilory capacity will be available -
within 30 years beyond the licensed life
for operation of any reaclor to dispose,
of the commercial high-level waste and
spent fuel originating in such reactor

" and generated-up o that time.

Dated at Rockville. Masyland this t1th day
of Seplamber. 1990,
. For the Nuclear Regulatory Commissinn.
Samuel )..Chilk. '
Sewretary of the Conmission.
{¥R Doc. 90-21889 Filed 9-17-90: 8:45 aam.|
BILLING CODE 7530-01-0 ‘

10 CFR Part 51

. Waste Confidence Decislon Review

AGENCY: Nuclear Regulatory
Commission. : B
ACTION: Review and Final Revision of
Wasle Confidence Decisions .

SUMMARY: On August 31, 1984, the .
Nuclear Regulatory Commission (NRC)
issued a final decision on what has
come 1o be known as its “Waste
Confidence Proceeding.”, The purpose of
that-proceeding was *.10 iissess
generically the degree of assurunce now.
available that radioactive waste can.be
safely disposed of, lo determine when
such disposal or offsite storage will be
available and 1o delermine whether
radionclive waste can be safely stored
onsite pist the expiration of existing
facility licenses until offsite disposal or
slorage is available.” (49 FR 34658). The
‘Commission noled in 1984 that ils Waste
Confidence Decision was unavoidably
in the nature of a prediction: and

reasonable assurance that at least one

~ companion rulemaking amendments al

commitied 1o review ils conclusions
«_should significant and pertinent
unexpl:clcd events ocour or il lenst
every five years until a repositury is _
available.” The purpose of this notice is 7
lo present the findings ol the
Commission’s first review of that
Decision. .
The Commission has reviewed its five
findings and the rativnale for them in
light of developments since 1984, This
rovisud Waste Confidence Decision
supplemenis those 1984 findings and the
environmenlal analysis supporiing them.
‘The Commission is revising the second
and fourth findings in the Wasle s
Confidence Decision as follows:
Finding 2: The Commission finds

A

mined geologic reposilory will be.
available within_the first quarter of the |
twenty-first cenlury. and that sufficient ’
repository capacity will be available
within 30 years beyond the licensed life
for operativn (which may include the %
term of a revised or renewed licunse) of ¢
any reactor to disposc of the commcrciz_ll,-i_'_

high-level radicactive waste and spent ¥
fuel originatting in such reactor and "
generated-up to that time. -f%

Finding 4: The Commission finds B
reasonable nssurance that, if necessary. i
spent fuel generated in any reactor can i

.

be stored safely-and without significant
environmental impacts for at least 30
years beyond the licensed life for
operation {which msy include the term
of a rovised or renewed license) of that
reactor at its spent Tuel storuge basin, or
at either onsite or oifsite independent
spenl fuel storage installutions.

The Commission is reaffirming the
remaining findings. Each finding. any
revisions. and the reasons for revising or
renffirming them are set forthin the
body of the review below.

The Commission also issued two

7

the time it issued the 1984 Waste

_Confidence Decision. The Commission’s

reactor licensing rule. 10 CFR part S0,
was amendéd o require each licensed
reactor operator to submit. no tater than
five years before expiration of the
operaling license. plans for managing
spent fuel at the reactor site until the
spent fuel is transferred to the
Depariment of Energy (DOE) for
disposal under the Nuclear Waste Policy
Act of 1982 [NWPA). 10 CFR part i1, the
rule defizing NRC's responsibilities
undér the National Environmental Policy
Act (NEPA). was amended to provide
that, in connection with the issuance or
amendment of a reuctor operaling
license or initial license for an
independent spent fuel storage
instalation. no discussion of any
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Thee stasdard vontracts between DOR
ad generstors of spent nuclear fuel or
persons holding tithe to speiit fugl
cwerently provide that in retaen for
payment 1o the Nuclear Waste Fund,
DOE will dispose of high-level waste
aned spent fael beginning no later than
Januwary 31, 1998, The Commission
belicves it would be innpproprinte for
NRC 10 take any position on the need
for generators and thuse holding title o
such material to provide interim storage
for it bevond 1998. This is o matter that
will have to be resolved between the
parties o the standard contracls. NRC,
in ils-original Waste Confidence
Devision and in the Proposed Waste
Confidence Decision Review, nddressed
the issue of storage of spent fuel until o -
repository becomes available and has
expressed its confidence that spent fuel
will be safely managed until a.
repository is available. Furthermore. in
its vriginal Wauste Confidence
Proceeding. NRC amended its reactor

licensing rute, 10 CFR part 50 to require

vach licensed reactor operaior to .
submit. nu luter than five vears belore
expiriaiion-of the operating license, pluns
for managing spent fuel at the reactor
site until the spent fuel is transferred to
DOE for disposal. :

In the Nucleur Waste Policy Act
{NWPA). Congress plased primary
responsibility for interim storage of
spent fuel on the nuclear utilities until
disposal becomes available. Section 132
of the NWPA requires that DOE. NRC,
and other authorized Federal officials
tuke such actions as they believe are
necessary to encaurage and expedite the
effective use of available storage. and
necessary additional storage. at the site-
of each civilian nuclear puwer reactor.

Sections 218{a) and 133 of the- NWpPA -

also provide that NRC by rule establish
procedures for the licensing of any
technulogy approved by NRC Tor use at
the site of any civilinn nuclear power
reactor. NRC may by rule approve one
ur mure dry spent fucl storage
technologics for usé at the sites of
civilian power reactors without, to the
maximum extent praclicable. the need
for additional site-sperific upprovals.
Congress is eminently aware of the
likely need for at-reactor storage of-
spent fuel and has taken legislative
action with respect to this matter.
Therelore, the NRC bolieves it is not
necessary to inform Congress of this
need. However, the NRC will continue
to exercise its responsibility to assure
th'. tspent fuel is managed sifely until o
repusitory is available and will natify
Congress of any actions it helieves are

noeacaare bes menvaidde thio sieen

-2 The Conmunission's Fourth Finding

Thes Commission finds rensonnhle
assurance that, if necessury, spent fuel
renerted inany reactor can be stored safoly
and without significan! enviropmental.
impacts for ut least 30 yeors heyoned the
ticemsid lile fur operation {which may inciude
the term of w revised or reneweerd license) of
thist reactor at its spent Tuel storage basin, or
at either ansite or ulfsite independent spent
el storage insgtatlutions,

Issue No, 13 Consideration of the
Cunmlative Impucts on Wasie
Management in‘the NHC's NEPA
Docuwmentation '

Conunoent

DOE commented that the cumulative
impacts on waste management of
potential reactor operating license
extensions should be considered in the
NRC's National Envirenmental Policy
Act (NEPA) documentalion for licensa
renewals. :

NRC Response

DOF has observed that renewal of
operating licenses would increase the
total amount of spent fuel requiring
dispusal or interim storage which would
be tuken inlo aceount in DOE progrum
planning und should be considered in
NRC'’s NEPA documentalion for license
renewals. This is generally consistent
with the discussion in the Commission's
proposed decision, especially-54 FR
39795 (third column). The grealer
amount of spent fuel which must be
stored as o result of license renewal
does not affect the Commission's overall
finding of no significunt environmental
impacfs. ) .
Issue No. 14: Need for NRC to Fucilitote
ISFS! License Extensions to Reflect the
Commission’s Revised Fourth Finding

Comment

The Virginia Electric & Power
Company (VEPCo) stutes that the
current license on the Independent
Spent Fuel Storage Installation (ISFSI)
for its Surry nuclenr power plunt expires
un July 31, 2006. VEPCo states that the
NRC should initiate aclions 1o facilitate
ISFSI license extensions to reflect the
proposed revised Fourth Finding that
spent.fuel generited in any reaclor can
be safely stored for ut lenst 30 years
ieyond the licensed life for operation of
that reactor either onsite or offsitc.

NRC Response

The Commission's Waste Confidence
finding on the duration of safe storage of
spent funl is generic in nature. Site-
specific licensing prucedures remain
effective. Pursuant to § 72.42. an ISFSI .
license is issued for a period of 20 years
but may be renewed upon application
by the licensee. Part 72 in no way

nrocludec liennenng frao esling
nrecl m requestine

r

e

additfunal extensions of license terms
for ISFSIx. The licenses thus hus the
option of requesting an ISFST license :
renewitl lo coinclde with whilever
aperating term and post-operation spent
fuel storage period s in effect for a
particulur reactor. For example, i single
renewal could extend the Surry ISFST
license expirntion date o the year 2026,
The NRC does not believe that further -
revisions 1o § 72.42 to facilitate these
license extensions are warranted al this
lime.

Issue: Nev. 15: Insufficient Azsuronce on
Durativn of Safe Storuge and Risk of
Fire at a Spent Fuel Pool .
Comment ¥
Public Citizen stuted that there is not!
adequate assurance that spent fuel will
be stored safely at reactor sites for up fo
30 yuars beyond the expiration of ¢
reactor operuling licenses. This is evenr
more the case if license exlensions of up
lo 30 years are included. Public Citizen-
further stated that “the {Waste
Confidence) policy stutement fails 1o
recognize that spent fuel buildup ol
reiclor sites poses u growing safety
hazard. The pools sre not well protected
from the-environment (in many cases :
they arc oulside the reacior's :
containment structure) and have leaked
in the past. For example, in December *
1986 at the Hatch nuclear power plant ir
Baxley, Georgia, 141,000 gallons of
radionctive walerlenked out of the
plant’s fuel pool. More than 80,000
gallons of the waicr drained into o
swamp und from there into the
Altamaha River near the plant.” Public'
Citizen added that “More recently, on
August 18, 1988, a seal on a fuel pool
pump failed at the Turkey Point nuclear
plant near Miami, FL, causing some :
3.000 gallons of rudiouctive water to ;
leak into a neurby storm sewer. The £
shoes and clothing of npproximalely 15}
workers were contuminated.” :
Public Citizen also stated thot the
danger posed by an accident in which :
cnough pool water escaped o uncover:
the irrudidited fuel assemblies would be
greater than the operational incidents
described above. According to the
commenter. if a leak or pump failure
caused the water level in a spent fuel
pool 1o drop to a level which exposed
the fuel assemblies, the remaining wate
might be insufficient to provide
adequate cooling. The pool water could
then heat to the boiling point, producing
steam and causing more water to boil
awny. The danger then is that heat coul
conlinue to build up even further until
the cladding which encloses the
irradiated fuel pellets catches fire. The
mmenler continued saying that the
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NRUG asellw the time gince the original’
Waste Confidence Decigion, has stwdied
the issue uf stprage wrrerached spunt 7
fuel puuls aud concluded ina 17
report that the celisequense of such a
claduing fire vould be u Usignificant”
radiation relense. The NRG report, found:
(1) the natural air Now.permitted by
high-density storage rucks is 80

. restricted thut potential for self-

sustaining cladeding fire exisis: and

12} with high-density rucks providing
“severely restricted air flow" the
oxidation {burning) would be “very
vigorous” and *failure of buth-the fuel
rods and the Tuel rod racks is expected.”

Public Citizen states that nowhere in
the Propused Waste Confidence
Decision Review dous the NRC ke into

" account the findings of this report.

which should have been included.

NRC Respons o

The Commission has addressed the
safety of extended post-operational
spent fuel storage at considerable length
in the discussion of its proposed revised
Fourth Finding. - i :

Operational occurrences cited.in
Public Citizen's comment have.been

. addressed by the NRC staff at the plants

listed. The NRC has taken inspection

" and enforcement actions to reduce the

potential for such operational . -
occurrences in the future, We would like

_ to note.-however, that the event at the

Hatch plant occurred in a transfer canal
between spent fuel pools during an

‘operation that would not normally, be

performed following expiration of a
reactor operating license. In the case of
the event at Turkey Point. the water that

flowed outside the building went back
into the intake of the plant cooling

. canal. Te canal is a laree, closed loop’

onsite Mow path. There was no radiation
release offsite. and the safety -

- significance of the.evenl apprars to

havebeen very low. . .
- Regarding the risk of fire at spent fuel’
pools. the NRC staff has spent-several
years studying in detail calastrophic,
loss of reactor spent fuel pool water '
possibly resullingin a fuel fire in 8 dry
pool. The 1987 report. “Severe Accidents
in Spent Fuel Pools in Support of .
Generic Safety Issue 82" (NUREC/CR- -
4382}, referred lo in Public Citlizen's:
comment represents an early parl of the
NRC's study. Its findings were based on
generic-data on seismic hazards and.

" response of spent fuel pools. which

resulted in calculated risk numbers with:
wide runges of uncertainty. (See p. Xiii.)
Subsequent study of the conscquences
and risks due to a loss of coolant water
from spent fuel pools was conducted by
the NRC. and the résulls were published
in. NUREG/CR-5176. “*Seismic Failure

- and Cask Drop Analysis of the Spenl

Fuel Pools at Twe Reprosunintive
“Nug:lsur Powor Phanin,” Juswiry 1906,
and NUREG-1ia3. *Regulntory Anulysis
for the Resolution ol Gunoric Insue 82,
»Bevond Destgny Basls Accldents in
Spent Fuel Pools’™ April 1989 Thase
repurls wuore cited in the Commissions
Proposul Waste Coufidence Decision
Review (54 FR 3u767-30787, it p.a9745,

September 28, 1909). Also issued’in 1909,

us purt of the NRG stafTs study, was
“Valwe/Impaet Analyses of Accident
Preventive snd Mitigative Options for
Spent F uel Pools™ (NUREG/CR-52M1 )
The analyses repurted.in these studies
indizate that the dominant nccident
sequence which contributes to risk in u
spent fuel pool is gross structural fuilure
of the pool due'to seismic events. Risks

due 1o other accident scenarios (such as -

pocumatic seu! failures, inndvertent
drainage. loss of cooling or make-up
water. and structural failures due to
missiles, aircraft crashes and heavy load
drops] are at least un order of
magnitude smaller. For this study. older
nuclear power plants were selected.
since the older plants.are more
vulnerable to seismic-induced failures.
It should be noted that for a zircaloy
cladding fire in a spent fuel storage pool.
“an carthquake or other event causing 8
major loss of cooling water would have
to occur within lwo yeirs after
operation of a PWR or-six months afler
operation of a BWR. {See NUREG-1353.
p- 4-11.) Thus: during the decades of
posl-_cpcmliqnal storage, cven i major
loss of cooling water would not be
sufficient to cuuse a claddin~ fire.”

_During the time the pool would be most

vulnerable to a fire. the most-recently
discharged fuel assemblies would have
to be adjacent to other recently
discharged assemblies for 8 fire to
propagale to the older fuel. Considering
that « third of the reactor core is
iypically unloaded as spent fuel each
year. the probubility of a fire involving
even the equivalent of a reactor core--t
gmall portion of a pool’s capucity--is
quite remote. . :

1t should also be noted that even if the

. timing of a spent fucl pool failure were

conducive to fire, fire could occur only
with a relatively sudden and substantial
loss of coolant--a loss greal ¢nough to

uncover all or most of the fuel, damaging
enough to admit cnough air from outside

_the pool 1o keep.a large fire going. and

sudden enough to deny the operators
time to restore the pool to a safe
condition. Such a severe loss of cooling

water is likely to result only from an
carthyuuke well beyond the

conservalively estimated carthquake for’

which renctors are designed.

- Farthquakes of that magnitude are

extremely rare.

No. 11/ Tuesday, September 18, 0 / Rubes and

-expiration of recactor operating license

- I

‘The plant-specific sludies followings
the 1907 generic study found that, ¢
becnuse of the Inege sofely maging
inherent in the dewign and construciion
of their spent funl poals, wven the more

- yulnerable older reactors could sufelys
‘willstand earthguakes gevernl limes

more severe thun their design basls
earthqunke. Facloring in the annual ©
probuhility of such l_myrmd-dunign_»lmlﬁn
earthquakes, the plant-specific and
generic followup studies calculited that
the nverage annusl probability of
major spent fuel pool fuilure at an
operiting reactor wis ten to thirty times’
lower than the average probabilities in
the 1987, study. {See NUREG/CR-5176.p.
xiii. and NUREG-1353, pp. ES-2-3. For._ .
cither BWR or PWR designs, this™
probability was calculated at two
chances in a million per year of reactor
operation. (See NUREG-1353, pp. ES-3- -
4) : ) L
After evaluating several regulatory
options for reducing the risk of spent ™~
fuel pool fires, the NRC regulatory
analysis concluded thal “{1]hz risk|s] |
duc to beyond design basis accidents in
spent fuel pools, while not negligible. ¢
are sufficiently low thal the added costs’
involved with further risk reductions are
not warranted.” (See NUREG-1 353, pps . '
ES-8-8.) ‘ :

Jssue No. 16: Need for NRC Requirement
for Dry Cask Storage Instead of Storage
in Spent Fuel Pools

Comment ) ) . :
Public Citizen states that the use of -
dry cask slorage for spent fuel would

. help address some of the concerns

described above. but that NRC has no
plans ta require-dry. cask storage instead
of storage in spent fuel pools. The
commenter noles thut NRC has L
explicily stated in its Proposed Decision
Review that storage in & reactor's "spé'nl .
fuel storage basin™ is considered safe.r

and (the commenter) apparently S

disagrees with this conclusion. i
MNRC Response. o i
The record of operitional experienc

with reactor spent fuel storage pools:ds.
discussed in-the Commission’s Proposed
Decision Review and in responsc (o th
preceding comments. strongiy supports

- the conclusion that reactor.spent fuel *

pool storage, which has continued for
decades. is safe. Accordingly. the NR! :
has renched the conclusion that pust! ¥

- experience and available information 3

amp'y support the safety of spent fuel
storage. both in pools und dry storage
casks. for-at least 30 ycars past the

{including the term of a revised license}. :
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Testimony to the Minnesota Energy
Agency, otate of Minnesota,
Concerning the Proposed Increase of
Spent Fuel Storage Capacity
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Princeton, NJ. 08544
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and cross-examined before a
Hearing Examiner of the MEA on
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Testimony to : The Minnesota Energy Agency, State of Minnesota

- By : Gordon R Thompson PhD

Concerning : The Proposed Increase of Spent Fuel Storage Capacity

at Prairie Island Nuclear Plant

10 May 1980

1. Description of Witness

I am a consultant engineer active in the area of energy and environmental
studies and am a member of the Political Ecology Research Group Ltd

( a non-profit company ) of Oxford, England.

At present I am a comsultant to the Center for Energy and Environmental

Studies at Princeton University.

The testimony herewith is entirely my own responsibility,

I have previously participated in two major public investigations of the
hazards of spent fuel storage, as follows :

(1) In 1977 1 prepared and submitted evidence to the Windscale Public

Inquiry in UK, on behalf of the Political Ecology Research Group.
This evidence addressed the hazards of a pProposed expansion of the
Windscale reprocessing plant, including the hazards of expanded spent
fuel storage.

(i1) During 1978-79 1 participated in the Gorleben International Review,
a2 process whereby a group of critical scientists, commissioned by
the government of Lower Saxony, reviewed plans for a proposed nuclear
fuel center at Gorleben, West Germany. My work for this review

included a study of the hazards of spent fuel storage.

2. Nature of this Testimony

This testimony addresses one of the potential hazards of an expanded storage
of spent fuel at the Prairie Island plant in the manner proposed by

Northern States Power Company.
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_The potential hazard addressed is that of a loss-of-coolant accident affecting
“the spent fuel pools at Prairie Island, leading to a release to the

atmosphere of radioactive material.

3. Cooling of the Spent Fuel under Normal Conditions

The plan of Northern States Power Co is to cool the expanded holding of
spent fuel assemblies by natural circulation of water, horizontally beneath
the base-plate of each spent fuel rack and vertically upwards through the
storage tubes within which the fuel assemblies are confined. The pool water
is then to be cooled by heat exchangers, the heat ultimately being dis-

charged to cooling towers and the Mississippi River.

This plan differs from the present practice at Prairie Island by virtue of
the higher density of fuel assemblies. That higher density demands that each
fuel assembly be surrounded by a tube made of stainless steel and neutron
absorbing material, The presence of this tube means that coolant ( ie water )

can reach each fuel assembly only via the base of its tube.

L. Potential Circumstances Leading to Loss-of-Coolant

There are essentially two ways in which coolant ( ie water ) could be lost :
- by evaporation

~ by breach of a pool

Loss by Evaporation

If the operation of the pool-water cooling system were interrupted, the
water would, after some hours, begin to boil. If no water were added to the
pool, then evaporation would eventually reduce the water level sufficiently

that fuel assemblies would be exposed to the air.

To appreciate the time-scale for this process, consider the reference case

for accident circumstances as outlined in Appendix A. That case is at the
more severe end of the spectrum of possible accident circumstances, as regards
heat production from the spent fuel and inventory of radioactiye material in
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= Appendix B outlines the calculations which show, for the Appendix A

. reference case, the following progression of events

Cooling of pool-water ceases : t = 0 hrs
Water begins to boil : t = 20 hrs
Sufficient water has boiled away so

that 1/2 of length of fuel assemblies

is exposed to air : t = 135 hrs

The obvious question is : "Under what circumstances could this situation

arise 7"

To answer : The most probable circumstances are those associated with a
reactor accident. At Prairie Island the spent fuel pools are located
immediately adjacent to the twin reactor containment buildings and the pools
share many systems with the reactors ( cooling, water-makeup and control
systems ). Thus a severe Teactor accident is likely to interfere with the

normal operation of the pools.

fire or explosion in the containment or auxiliary buildings and/or release

of radiation from the containment building. Such radiatiqn release, even if

it were not at the worst end of the possible spectrum in regard to contamination
of the general environment, could be Severe enough to prevent access to the

spent fuel pools or their support systems.

Figure 1 illusgétes this possibility. Shown there is estimated radiation dose-
rate inside a typical PWR containment buildiﬁg for a "design-bage" accident,
namely one in which the containment building "successfully" confines the
radiation. The Salem FSAR, from which this figure is taken, acknowledges that
radiation levels in parts of the auxiliary building could be up to 1% of that
inside the containment ( eg 620 rad/hr after 100 hrs for Prairie Island
plant(l) ). It will be noted that death within 10-30 days due to bone marrow
damage can be expected for persons exposed to radiation in the range of
300-1000 rads(z). Noting also that One certainly cannot exclude a reactor
accident which leads to a more severe radiation environment than does the
"design-base” accident, it is clear that prevention of access for substantially

more than 100 hrs is plausible.

00001¢



_Loss by Breach of a Pool

From Appendix A we see that the reinforced concrete pool walls vary in
thickness from 3 to 6 ft. Such walls could be breached by :

- sabotage

- aircraft crash

-~ earthquake

0f particular importance in the case of Prairie Island is the above-grade
location of the pools, as shown in Figure 2. For this arrangement, a breached
pool will drain freely. Other reactor pools ( eg at Zion plant ) are

arranged so that the top of the spent fuel is at grade level and so that at
least part of the pool walls are surrounded by earth. Consequently, such

pools are less at risk regarding rapid drainage than are the Prairie Island

pools.

5. Events in a Pool Following Loss-of-Coolant

Initial Heatup of Spent Fuel Assemblies

This process is discussed in Appendix C, from which it will be seen that
exposure to air of about 1/2 of the length of the fuel assemblies would

lead to fuel cladding temperature in excess of 1000°C.

1t is important to note that partial loss of water would lead to higher

cladding temperature than would pertain for total water loss.

Reaction of Zircaloy Cladding with Steam

At temperatures above 1000 C, zirconium reacts exothermically with steam,

producing hydrogen gas ( as occurred during the Three Mile Island accident ).
Appendix D discusses this reaction and shows that the reaction, once initiated,

would proceed rapidly. A large fraction of the pools' inventory of

zirconium could be consumed within 1/2 hr.
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~ Release of Radiocactive Material from Spent Fuel Pellets

As outlined in Appendix E, a zirconium—steam reaction would yield heat
sufficient that a substantial fraction of the mass of the spent fuel pellets
would be melted. In consequence, substantial radiocactive release would

occur to the atmosphere within the pool building,

Also, as mentioned previously, hydrogen gas would be produced. It should be
expected that this accumulation of hydrogen would lead to an explosion
which would breach the pool building. In that way, most of the radiocactive

release estimated in Appendix E would enter the outside atmosphere.

6., Consequences of Atmospheric Release

A full estimate of the health effects and other impacts of such a release
would require substantial effort. One would investigate the outcome of
various strategies of evacuation, administration of thyroid-blocking

medication and interdiction of food supplies.

Some indication of the impact of release can be gained from Figure 3,

(3)

which shows the area which would be contaminated by differing releases
of Cesium 137. It can be seen that the release estimated in Appendix E would
contaminate, for typical meteorological conditioms, 10,000 - 50,000 ka of

land. Such an event would be a major catastrophe.

7. Implications of this Hazard Potential

In this context, one can learn from the process of the Gorleben International
Review { GIR ). Dr Albrecht, governor of the West German state of Lower
Saxony, and several of his cabinet, attended a semi-public examination,
during 28 March - 2 April 1979, of the contentions of the members of the

GIR. This led to a statement(4) by Albrecht on 16 May 1979, containing the

following stipulations regarding spent fuel storage :
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"This radioactive potential is so immense that it must not be

possible to release it by an incident.

The State Government is not willing to license the concept of

DWK in its present form. They insist that the entry store for
spent fuel elements is made inherently safe such that the cooling
does not depend on the functioning of technical equipment or on

human reliability."

The fulfilment of Albrecht's stipulations at Prairie Island would require :

8.’

(1)

(2)

(3)

(4)

— the construction of an entirely new spent fuel store

- design of the new store to be such that loss-of-coolant would
leave cladding temperature below the ignition point

- the quantity of fuel in existing pools, and its density of packing,
to be such that loss-of-coolant in those pools would leave cladding

'temperature below the ignition point

Notes

> rad/hr.

From Figure 1, the Salem dose-rate inside containment is 1.3 x 10
For the Prairie Island plant, we adjust by the ratio ( 0.48 ) of the
capacity of each Prairie Island reactor ( 530 MWe ) to that of each

Salem reactor ( 1100 MWe ), yielding 6.2 x 104 rad/hr in containment

and up to 6.2 x 102 rad/hr in. the auxiliary building.

H Smith and J W Stather, report NRPB-R52 of UK National Radiological
Protection Board, November 1976.

This figure is taken from the report prepared by Jan Beyea ( then at the
Center for Energy and Environmental Studies, Princeton University ) as his
contribution to the Gorleben International Review, February 1979.

Chapter 3 ("Potential Accidents and their Effects") of the GIR report can
be obtained ( in English ) from : Political Ecology Research Group,

PO Box 14, Oxford, UK. This document includes Albrecht's statement.
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Notes

(1) The "typical meteorology" curve assumes 5 m/s
windspeed, Pasquill stability class D, 0.0i m/s
deposition velocity, 1000 m mixing layer and
300 m initial plume rise,

(2) The contamination threshold used is a 10 rem

dose in 30 yrs ( approx 3 times background ).

(3) This figure is taken from 3 report by. Beyea

( see note (3) 4in body of testimony ),
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Appendix A

- Reference Case for Loss-0f-coolant Accideént

DATA CONCERNING PRAIRIE ISLAND PLANT

( source : Certificate of Need Application submitted to Minnesota Energy
Agency by Northern States Power Co, September 1979 )

2 PWR reactors each of 530 MWe capacity

~ 121 fuel assemblies per reactor core

-~ 40 fuel assemblies removed per refueling

— each fuel assembly contains approx 400 kg of heavy metal

- dimensions of pool 1 are 5.56 m x 5.77 m x 12.29 m ( volume 394 m )

- dimensions of pool 2 are 13.23 m x 5. 77 m x 12.29 m ( volume 938 m )

- proposed fuel assembly storage tubes are of 8.3 inch inside dimension
and 9.5 inch center-to-center spacing

- volume of each fuel assembly is 0.158 m3

- pool wall thickness is 3-6 ft

- proposed total spent fuel capacity is 1582 assemblies

- normal temperature range of pool water is 105°F to 130°F

REFERENCE CASE

Suppose that one reactor had been refueled 60 days before the accident and
that the entire core of the second reactor had been removed 10 days before
the accident. Further suppose that the pools contained normal refueling

discharge for the previous 15 yrs. The pools' inventory would be :

age of fuel assembly after number of fuel
discharge from reactor assemblies

10 days 120

60 days 40

1yr 80

15 yrs 80

Total : 1360
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- NRC data ( source ! NRC report NUREG-0404 , March 1978 ), 1t is found that

the heat load and inventory of the most important radionuclides would be

as follows :

Heat Load : 5.33 M
( of which 3.84 My ig from the 10-day-01d fuel and 0.56 Mw

is from the 60~day-o0ld fuel )]

Inventory of Most Important Radionuclideg

Sr 90 " 2.9 x 107 Ci
Ru 106 " 3.9 x 107 Ci
I 131 1.9 x 107 Ci
Cs 137 3.8 x 107 Ci
Pu 238 6.7 x 105 Ci
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Appendix B

-Loss of Pool Water by Evaporation

( data from Appendix A )

The mean boiling temperature of the pools would be 113°C. If the spent
fuel heat capacity is assumed to be that of water ( voluﬁetrically ), and
if heat loss to surroundings is neglected, then the time required

for the water temperature to rise from its normal level ( assumed to

be 45°C ) to boiling temperature would be 19.8 hrs.

During the boiling phase, the mean latent heat of water would égigizgiiﬁ/kg.
The fuel assemblies are 4.1 m long ( source : replies by Northerm States
Power Co to questions from the Minnesota Energy Agency, February 1980 )3
thus approx 1/2 of the length of the fuel assemblies would be exposed to
air following boil-away of 10 m depth of water. If heat loss to surroundings
is neglected, then the additional time required for this would be 114.7 hrs.
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- Appendix C

Cooling of a Spent Fuel Assembly’Partially‘Exposed to Air

The mechanisms of cooling available to the exposed portion of a
fuel assembly are :
= natural convective circulation of air and steam within the
fuel storage tube ( closed at itg bottom end by water )
= conduction along the fuel assembly
- radiation to the pool environment
~ Ssuperheating, as it rises past the exposed portion of the fuel
assembly, of steam generated by the immersed portion of the

assembly

in body of thisg testimony. ). It is found that only the last of these
mechanisms is significant for fuel cladding temperatures up to several

thousand degrees C.

The temperature of superheated steam as it rises past the top of the fuel
assembly is, interestingly, independent of the age of the fuel after

discharge., It depends only on the fraction of fuel length exposed, as

follows
exposed fraction maximum Steam temperature { oC )
0.3 560
C.4 820
0.5 1180
0.6 1710
0.7 2610

Cladding temperature will of course be greater than steam temperature, It
suffices to note that cladding temperature would readily exceed lOOOOC for

an exposed fraction of 0.5 .,
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The above comments are confirmed by the results of computer modelling
conducted by Sandia Laboratories for the NRC ( A S Benjamin et al, "Spent
Fuel Heatup Following Loss of Water During Storage", NRC report
NUREG/CR-0649, March 1979 ). It is interesting that the introduction of
this report is not consonant with its contents; it states ( incorrectly )
that "complete drainage" is "the most severe type of spent fuel storage

accident".
It should be noted that complete drainage would permit circulation of air

beneath the base-plate of the fuel racks and vertically upward through

the storage tubes. Partial drainage would block this air circulation.
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Appendix D

.Reaction of Zirconium with Steam

This reaction is : Zr + ZHZO ~ ZrO2 + 2H, + 6.53 MJ per kg Zr

2

( source : P 441, T J Thompson and J G Beckerley ( eds ),
"The Technology of Nuclear Reactor Safety",
Vol 2, 1973 )

If access of steam is not limited, the reaction rate can be represented by :

da = k exp( -C/T )
dt a

where : equivalent thickness of éladding reacted ( m )

time ( sec )

cladding temperature ¢ %k )
22800
= 3.97 x 107>

a
t
T
C
k

( source : F ¢ Finlayson, report no 9 of Envirommental Quality
Laboratory, California Institute of Technology,
May 1975 )
The 1/a component of this rate law accounts for the inhibiting effect of the

growing oxide layer.

cladding is :

Total oxidizing time = éi exp( C/T)
2k

where A = total cladding thickness ( m )
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Typically, A = 6.2 X 107 for a PWR, leading to the following results :

cladding temperature ( ¢ ) total oxidizing
time ( secs )

1500 ' 1860
2000 110
2500 ' 18
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Appendix E

'Melting of Spent Fuel Pellets

For the reference case outlined in Appendix A, 617 Mg of UO2 would be
present in the Prairie Island Pools. The ratio of the mass of zircaloy to

the mass of UO, in a PWR would be 0.207 ( source : Reactor Safety Study,

2
WASH-1400, Appendix VIII, 1975 ); leading to a zirconium inventory in the

Prairie Island pools of 128 Mg.

Given a heat of reaction of 6.53 MJ per kg Zr ( see Appendix D ), complete
reaction of the Zr would yield 8.4 x 1011 J .

The heat required to raise the temperature of UO2 from 300°K to just above
its melting point ( 3030% ) is 1.2 MJ/kg ( source : R A Meyer and B Wolfe,
Advances in Nuclear Science and Technology, Vol 4, pp 197-250, 1968 ); thus

the heat required to melt the pools’ inventory of UO2 would be 7.4 x 1011 J .

If there were no heat loss to the surroundings, it is clear that all of the
fuel pellets could be melted. A full estimate of the fraction of the mass
of the fuel pellets which would actually be melted, and of the release of
radicactive material, would require a substantial investigative effort, My
preliminary estimate of the release to atmosphere of radionuclides is :
I, Cs, Ru : 10-50 %
Sr, Pu S O 4

This leads to an estimate of release inventory of the most important

radionuclides ag follows :

Sr 90 : 2.9 x 105 Ci
Ru 106 : ( 3.9 -19.5) x 10° ¢t
1131 : (1.9-9.5) x 10° ¢t
Cs 137 : (3.8 -19.0) x 10° ¢y
Pu 238 : 6.7 x 105 ci
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NUREG-0575, Handling and Storage of Spent Light Water
Power Reactor Fuel (1979)

excerpts:
pages ES-1 - ES-6

% 2k %

pages 4-9 —4-22
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EXECUTIVE SUMMARY

1.0 SCOPE

‘ ﬁiié;'!c-zmir&ieﬁm.'inpa'ct Statenent on spent fuel storige was prepared by the Nuclear
Reguhto'l‘-\yb Cosmisson staff in response to a directfve from the Commissioners published in the
Federal Register, September 16, 1975 (40 FR 42801). The Comnisston directed the staff to ana-
lyze alternatives for the nandling and storage of spent 1ight water power reactor fuel with
particular emphasis on developing long range policy. Accordingly, the scope of this statement

_examines alternative methods of srent fuel storage as well as the possible restriction of temi-

o B AR N e

nation of the genenffiin’yof spent fuel through nuclear power plant shutdown. ... ...

Sincs the Commission’s directive was issued, there have been significant policy developments.
{n this regard, the President has stated that the U.S. should defer domestic plutonium recycle
in order to search for better solutions to the oroliferation problem. In 11yht of the Presi-
dent's views and public comments, the NRC teminated on December 23, 1977, its proceedings on
the Generic Envirommental Statement on Mixed Oxide Fu.) (GESMO), pending Ticense applicetions,
and other matters related to the reprocessing and recycie of spent 1ight water reactor fuel.
This policy decision nignlights the importance of this GEIS.

On October 18, 1977, the Department of Energy (DOE) announced that the Federsl Government would
accept and take title to spent nuclear fuel from utilities upon payment of one time stordge
fees. The new policy is designed to meet the needs of nuclear reactors for both interim end
permanent disposition of spent fuel. The DOE policy actions presume continyed 1ight water
reactor power generation with discrarge of spent fuel and government responsiblh'.y for the
storage and disposition of spent fyel. Thus, tnese policy actions 2lso agdress the 13.uCS
examined in this document. However, tnis documer = does continue %o serve tne fynction of sud-
porting the need for rulemaking for away-fram-reactor (AFR) spent fuel storage facilities. in
addition, DOE used this HRC statement as 3 source in their draft generic envirommental impact
statement on their announced spent fyel policy.

The storage of spent fuel addressed in this generic envirommental impact statement is considerec
to be an tnterim action, not 2 final solution. The Commission has clearly 4istinguished between
permanent disposal and interim stonqe.‘ tonetheless, 1t has expressed its concern that storage
of spent fuel not be used to justify retarding the developrer: of & practicable aetnod of perma-
nent disposal .’ . This concern is shared by groups who have studied this situation. 4 The
Commission s intttath.,; & proceeding to review its basis for confidence that safe waste dis-
posal will be avdlable.s The Commission announcement of September 16, 1375, outlining this

_ study Jﬁﬁw that the Staff was to examine the period throvgh the mig-1980°s. In the
absence of & national “bo"li’éi“'dﬁ‘iéted"’tb“f‘lm! disposition of spent fuel, the staff extended the
time period of ihis study to year 2000. This extension provided & conservative upper bound to
the interim spent fuel storage situation at a date that constituted 4 practical Timie to the
forecasting that may logically be used as a basis for today's - .-isignmakirg.
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The study covers the following:
(1) The magnitude of the possible shortage of spent fuel storage capacity.

(2) The options for dealing with the problem, inciuding, but not necessarily limited to:

. :Pékﬁittihéaihé expansion of spent fuel storage capacity at nuclear power plants;

"';;'ﬁi};iii‘fipé"jftm"éibins'ion of Spent fuel storage capacity at reprocessing plants; R

- Licensing of independent spent fuel storage facilities;

- Storage of spent fuel from one or more reactors at thc storage pools of other
B reactors (transshipment between reactors); and
T e H o RN O 8 I A e R [ s, 5 S g s YNGR BT e s Sl
- Ordering the generation of spent fuel be stopped or restricted (by shutting down
reactors).

(3) A cost-benefit analysis of the alternatives listed in {2) above along with other
reasonably feasible options, including:

- Impacts on the public health and safety and the common defense and security;
- Environmental, social and €conu . costs and benefits;
- Commitments of resources;

- Implications regarding options available for the intermediate and long range
storage of nuciear waste materials; and

- Relationships between the local short-term uses of the environment and long-term
productivity,

(4) The impacts of possible additional transportation of spent fuel that may be required
should one or more of the options be adopted;

{5) 7The need for more definitive regulations and quidance covering the licensing of one
or mcre of the options for dealing with the problem; and

(6) The possible need for amendments to 10 CFR 51.20(e)--the S-3 table which summarizes
naments :

environmental consideration for the nuclear fuel cycle.
The scope of this study is limited to considerations pertinent to the interim storage of spent
T I R i oA oo S P Py kT - )
fuel. Other 1ssves-relsted to the“"back end'“of'the=fue!*cycle;*such*asvreprOcessing ARG i s g«

waste management, are covered elsewhere, €.9., NUREG Reports, 0002 for plutonium recycle
(GESMO), 0116 and 0216 for waste management.
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WAL

DE OF TﬂE SPENT FUEL STORAGE PROBLEM

2.0 . lE pommm. 'MAGNITU . PROBLEM = . T g

The factors uhich affect the quantity of spent fue1 requiring storage in excess of _that which’

'Ihe extent to mich convet tional spent “fue
be aodified to increase the spent fuel storage capecity.

2t AR R '.:a.awm»watww i R
= “The time to deielop & means for the pennanent disposition of spent fuel by repro-

‘cessing or waste management.

2.1 GENERATIOII W SPE!IT FUEL

Genention of spent fuel was projected through the year 2000 (Table ES.1) on the basis of in-
stalled reactor generating capacity (in GWe) from NRC data for reactors nov operating, under
construction and planned, and Energy Information Administration estimates. The staff estimated
that 77,000 metric tons of heavy metal (MTHM) as spent fuel will have been discharged by year
2000 and that the total reactor storage capacity in the year 2000 will be 91,000 iITHM if full
core reserve (FCR) is not maintained and 77,000 NTHM {f FCR §s maintained. Total storage capa-
city values do not indicate capacity restrictions at individual older reactors.

Table ES.1. Projected Generation of Spent Fuel

Year MTE4-Cunulative*
1980 i . 3,000
1985 13,000
1990 29,000
1995 50,000
2000 77,000

*Does not irnclude ~ 4700 MTHM of spent fuel dis-
charged prior to 1979 and stored AR and AFR at the
end pf 1978. ‘

ST B r. o
B _.;, LR T

2.2 AT-REACTOR (AR) STORAGE CAPACITY

The spent fuel storage capacity at nuclear power plants has conventionally been designed to
a-ﬁfte one "ﬁx‘l‘l"core pﬂ&“’iihe d'scharge. fre s about ‘12173 cores. “The rationale‘was that - -~ & et
spent fuel from a given discharge would be shipped offsite for reprocessing before the next
annual discharge and capacity wculd be ‘reserved to accommodate a full core if conditions made it
desig'eble to unl_oadn“the g1\an_; A[eec_;o_r.f Hpuey&r, most pools were equipped with spent fuel

'Thls capacity .s termed fu‘ll core reserve (FCR)
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L storage’ pool and has -the net.effect of .reducing 1.th¢.,,;\(ai‘l“a.g}'e,_a;:v act . fuel
T TS S st IR R et At AWk j,g,gm"w‘\l_p
caparity for successive spent fuel discharges. : R

storage racks which 4id not fully utilize the available Fioor space in the pool. In many cases

‘it 1s now possible to increase at-reactor spent fuel storage capacity by a factor of about 3.0, -
This compact storage is accomplished by the replacement of existing racks wi‘th'heﬁ racks designéd'
for closer spacing of fuel assemblies and utilizing previously unused floor space. Most nuclear

pla Its have applied to increase their spent fuel storage capacity, at_ld_ a mjority' have already ..

recefved permission to do so.

0 ré in.the Snen
- 3B R o e 2
 However',” many power plan

ibal

- fuel storage pool at a nuclear powerplantis not a sa ety_'"l;l'a‘ti_:e'j
" owners may consider the maintenance of full core reserve capacity desfirable for operational

flexibility. Experfence has shown that the capacity for fully unloading a reactor has been
useful in making modifications and repairs to reactor structural components and for periodic
reactor vessel inspections. Such reserve capacity is effactively unused space in the spent fuel
‘ reactor. spent_fue! _stqrage S

2.3 REQUIRED AWAY-FROM-REACTOR (AFR) STORAGE

Trhe magnitude of the projected shortfall in AR spent fuel storage capacity equates to the net
--requirement for away-from-reactor storage at independent spent fuel storage instaltlations
(ISFSI). Assuming no curtailment of nuclear power production, the bounding condition used to
estimate the required AFR storage capacity is:

- Feasible modifications of power plant pools {compact storage of fuel}.

A range or upper bound of AFR storage requirements for this bound ray be established by con-
sidering (a) no full core storage reserve, and (b) mair nce of a full core reserve (FCR).

The AFR requirements* are summarized for five-year periods for these conditicns in Table €s.2
below.

Tabl2 ES.2. Away-frav-Reactor Spent Fuel
Storage Requircments (MThM)

With Compact Storage

Year Without FCR With FCR
1980 Q 40
1985 730 1,900 i
1930 3,900 6,300
: 1995 9,700 14,000
2000 21,000 27,000

*These include the effect of recent reactor basin storage capacity expansion applications for ..

the Oconee Units 1 & 2 basin, for the Big Rock Poin: Basin and for the Hatch 1 & 2 basins.

ES-4

00003




: R N N ~_,‘:¢;-,— T T T TP T N e e
3.0 METHODS FOR DEAL:ING WITH THE P&OBLEH OF EXTENDED SPEHT FUEL 'STORAGE ™"

3 isnmmué THE ‘EXPANSION: OF 'SPENT FUEL STORAGE CAPACITY AT NUCLEAR POWER PLANTS
(COMPACT_STORAGE) )

1975. the Connission stated its position that, in

fons on the .

ity dﬁfing the perio& ‘ red.for the’ :

is January, 1979, applications _

X ati crease "'v_paoity at 55 operating nucl‘ar power ) reactors -

>.have been received by ePNR .-7 the instal\ation of neuer
racks with closer spacing of the spent fuel storage positions and the “{nstallation of epent
fuel storage racks in previousiy unused spaces.

The actions can be taken without significant effect on pub]ic health and safety, and to date
39 of “these aoplications have “been approved and actions are proceeding’ ‘as planned. Each of -
these applications was evaluated on an individual basis with findings in each case that:

- At-reactor spent fuel storage can be increased,
- The actions can te taker with no cacrifice of public health znd safety, and

- The envirommental impact of the proposed increa<ed at-reactor spent fuel storage was

negligible.

It should be kept in mind shat increased at-reactor spent fuel storage involves only aged fuel
(at least one year since discharge) wnich has orders of magnitude less hazard potential than
fuel freshly discharged from a reactor {see Sec. 4.2}.

3.2 PERMITTING THE EXPANSION OF SPEHT FUEL STORAGE CAPACITY AT REPROCESSING PLANTS

There are no reprocessing plants in operation ir the United States at 'ne oresent time. With
the NRC decision to terminate the generic study or plutonium recycle use in mixed oxide fuel
(GESMO) in December, 1977 {42 FR 65334] in deference to the President’s non-groliferation
policy, commercial reprocessing has been indefinitely deferred in the United States. The
expansion of spent fuel storage at reprocessing plants is technically feasible, but it is not
considered a viable alternative for dealing with the problem of spent fuel storage because of
the 1imited potential spaces at the reraining potential reprocessing plant, Allicd General
Nuclear Services at Barnwell, S.C., which has storage pool capacity for about 400 metric tons.

3.3 LICENSING OF INDEPcNDENT SPENT FUEL STORAGE INSTALLATIONS (ISFSI)

This alternative reprgsents the major means of providing interim AFR spent fuel storage.

The former Nuclear fuel Services, Inc. reprocessing plant is now 1icensed and operating as an

" independent spent fuel storage installation... However, NFS has.announced its withdrawal from
the reprocessing business, and this plant is no longer receiving spent fuel from utilities for
extended storage.

LhwenE ot -;gs‘._\,:.'-q © o  asege ES'S_-.,&,';-.._ s ‘,__,~:.:x,_a{ji., e
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o . The General 'E]ec.trig Company*s planned repr essing plant at Morris, I1linois, has now been
" decTared ar 'l'lcensedasaxSFSIThe “Initial Vicensed spent fuel storage capacity of about .. . :
- 100 YTU has been increased to about 750 NTU by fnstalling spent fuel storage racks in its former
'"":hjigh'1_ey'éf:}_ta;§ébs'i_:ofage' pool. The plant operation as a "storage only” facility has shown that
endert spent Fuel storacs {: ation can be operated with dequate protection of the

s v*.“‘”@x g

an in ~'-"-‘;"""d°""‘"i»"'g-'~f, 'f._a;%i'sftbi-égé?{:f'ﬁstél'l

s ty7oF : the

ittee on. Interfor
of Répresentat t7its deadline of 1983 fo
111ty, it §s Considering the NFS West Valley, the 6 forris, and
the AGNS Barnwell facilities to supply storage capacity, o ‘

Currei;tl;y,_. an ‘increasing_ih_vt_erest in .‘i_ndélv:'endent _‘;pent fue? st{)rage installations is teing shown

by thenuc‘learPWel‘ 1 ndus"t“l_‘,y'.' si0ne. prc@gg‘égg;ep_giipggr;}:égmﬁghj “has subaitted to NRC a standard% i
design of such a facility, to be situated at a reactor site. " The ‘IRC staff has reviewed it and )
issued letters of approval for the destgn. S

The methods of expanding spent fuel storige capacity considered in this assessment show negli-

" "gible difference in environmental impact and cost with the exceptfon that at-reactor storage
pool compacf storage is jeast costly economically, and does not réqui re additional transporta-
tion of spent fuel. |In view of this, the reference case alternative for expanded spent fyel

Lol storage assumes that most additional storage capacity will Lo orovided by AR storage pool compact
storage with additional required storage capacity being prdvided by away-from-reactor (AFR) at
ISFSI located either at reactor sites or at separate sites using the available means of wet or
dry storage discussed in this statement.

3.4 STORAGE OF SPEMT FUEL FROM_ONE OR MORE REACTORS AT THE STORAGE POOLS OF OTHER REACTORS
(TRANSSHIPMENT) '

Temporary relief for the spent fuel storage problem being faced by some of the older nuclear
power plants could be alleviated in some cases by shipping spent fuel to newer rlants with
unused available storage capacity. However, facility operators can be expected to be reluctant
to accept spent fuel that may result in prematurely filling their reactor spent fuel storage
pools and potentially impacting the supply of electric power to their regions.

Currently, only one application has been approved by the NRC covering this alternative. The
staff's analysis shows that intrautility transshipment, when considered in conjunction with
compact storage at reactor pools, provides additional relief delaying the need for AFR storage
Capacity by about three tp four years (see Table 3.2), depending upon whether or not full core
'+, reserve (FCR) As maintained. -The staff also considered the alternative of transshipment fn
conjunction with compact storage at reactor pools on an : A tia
reactor »ools 6perating as a single system under a national storage allocation plan. This
‘ - altermative s not considered feasible under present regulatory conditfons; the staff has ana-
'"""’"';'“"“""”*’f""“‘“ﬁﬁiﬁﬁ’%ﬁﬁﬁdﬁh“éﬁéi‘%ﬁﬁéf‘f‘ﬂtéﬁativ‘le--necessary"-to'enswe'continued reactor power gener- - ... ...
. ~-  atfon in the unlikely event that no AFR storage s made available to prevent spent fuel storage
capacity shortfalls, A'ssuming'a preemptive federal regulatory authority to allow this alternative
to work, unlimited transshipment {n theory could delay the need for AFR storage to the late
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of this waste production would reach about 50 megatons/yr in year 2000 and its projected growth

from 1979-2000 is shown in Appendix C, Figure C.8.

The wastes (gob) produced during benefaction ..e commonly rich in pyrites {sulfides of

iron}, trace elements, and heavy metals. The pyrites releasc sulfuric acid when exposed to
nomal rock weathering processes, so runoff water from the gob disposal area may be extrenely
acidic. The runoff water may also carry high concentrations of trace elements and heavy
ma2tals. The exact magnitude of the gob volume, acid released, and metals carried in runoff
is highly variable and depends on the composition of the coal and benefaction technology
employed. Similarly, uranium rust pass through milling, enrichment, and fabrication
processes. Although yraniun milling is analogous to the benefaction of coal, its impacts

are more similar to the impacts of milling metals, such as copper. A generic environmental
impact statement on uranium milling is now in preparation. The draft statement has bean cir-
culated for comment.

Because only a small fraction of the ore is uranium, “the amount of solid tailings is
rougnly equal to the ore feed rate plus part of the reagents used in the process ...".‘6
The tailings may be acidic or alkaline, depending upon the milling process, and will
typically be fine particles.

The ccal fuel cycle produces ultimate by-products that require ultimate dispaosal. The
burniry of coal produces cinders or slag that must be stored temporarily onsite priar to
being transported to the ultimate disposal site. The predicted slag production reaches
1.3-3 nejatons/yr in year 2007 based on information in Raference 3 and its qrowth fronm
1975-2000 is shown in Appendis 2, Figure C.9.

£ach year the precipitators and scrubbers for 2 [,0u0-*tde plant at 60% capacity could produce
4079-559 tons‘of fly asn and 72-392 kilotans af wet li"te-SO2 r2sidue. The total expacted prs-
duction of coallected fly asn and scrubber sludye in year 295) reacnes anout 7-12 kilotons/yr
and 7-33 :mejatons/yr respectively and their growth from 1379-2000 is shown in Appendix C,
Figures C.10 and C.11. These wastes would require temporary onsite storage {covering as

nuch acreage as the boiler and turbine buildings combined) and then would be transported to
sane unspecified ultimate disposal site.

4.2 HEALTH IMPACTS

When one examines the human health impacts associated with the alternatives discussed in
this envirormental impact statement, it appears that there is little incremental impact
associated with the reference case spent fuel storage solution. This is due to the rela-
tively inert conditions of spent fuel in storage. Also, increased storaje of spent fuel at
any facility sinply results in the retention of older fuel that would otherwise have gone
ta reprocessing or disposal. Volatile and non-volatile radionuclides with shart half-lives
will have decayed to negligible levels.. Consequently, the radiologfcal and heat load
impacts of this older fuel are factors of ten lower than that of the less cooled fuel and
result in a small incremental inpact to health and safety. Thus, environientai and nealtn
impacts of spent fuel storaje are doriinated by new spent fuel, and whether older fuel is
present or is disposed of has little impact on the health and safety posture a5 1 wnole.

The orincipal healtn fipact is as-ociates with iIncremental radiation dose. This subject 1s
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treated separately in Section 4.2.]. Section 4,25 treats the impacts associated with the
termination case alternative of substituting ¢oal fired power generation for nuclear energy,

4.2.1 Reference Case Storage Alternative

4.2.1.1 tommal Operations

The calculated health effects of the nuclear fyuel cycle are summarized in Table 4.2.]7 In
addition to the indicated potential excess rortality, there could be increases in morbidity
due primarily to the incidence of nonfatal c:ancers.'7 For persons emplayed by the nuclear
industny. the incremental incidence of nonfatal cancers and benign thyroid nodules could
possibly be dpproximately one case per gigawatt-year.17 For the general public, the incre-
mental increase in morbidity could be about 0.5 case of @ nonfatal cancer per gicawatt-year

due to the entire nuclear fyel cycle.

Table 4.2, Summary of Excess Mortality oye to Civilian Nuclear Light-Hater Reactor
Power, per 0.8 Gigawatt-Year Electric

Fuel Cycle . Occupational Gereral Public
e s . -

Conponent : Accident Disecse Accident Disease Totals
_________________~_.._____..____.______.______________________________________ i
Resource recovery 0.2 0.038 ~ 0 0.085+* 0.32
{nining, 4rilling, etc.)

Processing ' 0.005%*+ 4 04> - 0.026-1.1 3.075-1.1
Power generation 0.01 0.061 0.04 0.016-0.20 0.13.0.3
Fuel storage b * 0 bl v 0 ~ 0
Transportation . 0 .0 0.0 0 0.01
Reprocessing i 0.003 e 0.959-0.¢52 3.057-0.065%
daste Management hikd . 0 b 0.900) 0.391
Totals 0.22 0.14 0.05 0.18-1.3 0.59-1.7

*These effects indicate that 4060 Ci of Rn retleased from mining the uranium to praduce
0.8 Gdy(e) would result i.: 0,085 excess deaths over a1) time.

**The effects associated with these activities are not known at this time. While sych
effects are generally telieved to be smalt, they would increase the totals “n thie column,

***lorrected for factor of g error based on referenced valye (HASH-]ZSO).

The radiotogical impact from spent fyel storage is a5 folTows:
- Population dose due to the release of 85kr from lTeaking fyel clements
- Occupationa) expnsure of plant Peérsunnel incurred while working in the vicinity
eerer OF . the spent fuel storage pool, €.9., changing water purification filters and ign
exchange resing,

These types of impacts are generic to spent f,e] Storage sperations reqardiess of whether
such fuel f§s stored at 3 nuclear power plant or a¢ an AFR storage facilicy,
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fcr the “aged® fuel involved in relativelv long time storage, 85Kr leakage rates are too low
to be detected. However, for the final GESMO, Chapter [V-K, Extended Spent Fuel Storage, a
conservative release rate of 1 Ci/MT-year was used. (Based on experience at the GE Morris
Oper'ation,]8 this figure could be high by a factor of 106). The resultant population dose
factors were:

United States = 0.004 man-ren/iT-yr.

Foreign = 0,02 men-ren/MT-yr.
Occupational dose rates, based primarily on at-reactor experience, used in final GESMO were

20 man-rem per 1,000 MT-yr.

The above figures are applicable to conventional water basin storage pools. The figures
for the various types of passive dry storage systems under development are expected to be
conparable or less. Based on these figures, the calculated doses due to all spent fuel in
storage are shown in Table 4.3. Hote that the population doses 2re not corrected for 85Kr
decay.

Table 4.3. Radiological Doses from Spent Fuel Storage

Cccupational Dose Population Dose,
HT Fuel Total Body, Skin, man-cem

Year in Storace man-rena u.s. Foreign
1930 7,600 160 33 1590
1935 18,000 360 77 350
1990 33,400 670 140 560
1995 54,300 1,100 230 1,100
2000 81,200 1,600 350 1,600

4.2.1.2 Compact Storage

For the majority of the facilities treated under this alternative, design, corstru:tion,
and operating data were available. For the rest it was assumed that current practices in
these areas would be continued at least through 1986, and that the 1,000-MWe hybrid made!l
power plant as used in GESM) would be used after 1996. Spent fuel is considerad stored at
the bottom of large pools of filtered, deionized water.

The water serves as a coolant to remove dacay heat of the spent fuel, and as a radiation
shield for the stored spent fuel. The occupational radiatfon exposure results from the
radioactivity in the water and the required operational activities. The spent fuel contri-
butes a neqligible amount to dose rates in the pool area because of the depth of water
shielding the fuel.

Radioactivity in the pool water comes from introduction uf reactor coolant water into the

pool during refueling, the dislodging of crud fram the curface of the spent fuel assemblies
during handling of the assemblies, anu the leakage of fission products from defective spent
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fuel elenments. The ratz of infroduction of reactor conlant water into the pool with compact
storage should not change because the proposed modification does not involve a change in
the refyeling procedukes, Although the proposed nodification will increase the total
nurtber of assemblies that can be stored in the pool, it is ant expected that there would be
a siynificant increase in the nunber of times the assemblies are handled before shipment
offsite. Also, any significant removal of crud from the surface of an assembly would occur
during the initial fuel handling when the asseably is transferred from the core to the
storage pool. Therefore, there should not be a significant increase in crud introduced to
the pool water due to the proposed nodification. Experience with spent fuel stored at the
GE lMorris Plant and at the NFS, tlew York Plant has indicated that there is little or nn
leakage of radioactivity from spent fuel wiich has cooled several wonths, There siould not
be a significant increase in leakage activity froa spent fuel to the poo! because of the
proposed rodification.

The pool cleanup system serves to clarify and ranove the radicactive matertals from the
pool water. Pool water treatnent technology is well developed, and it is not uncomion to
find fuel pool water with radicactivity conteat comparable to the 10 CFR Part 20 limits for
occupitional uses. Water carried out of the fuel pool by mechanical means or seepage is
collectad in sumps and recycled through a radwaste cleanup system. Small amounts of pool
water eventually reach the environment but only after several levels of radwaste treatment,
so that the quantities of radioactivity released are insignificant.

The only gaseous radionuciides released to the atmosphere in significant quantities are the
noble jases, principally krypton-35. Some radiation reaches the enviromieat in the form of
direct radiation from the fucl withia the podl and from the transportation of intermediate
tevel wastes to the final disposal site. Direct radiation in the vicinity of the spent
fyal starage pool is extrenely low, in the order of one to two millirea per hour. [f this
were the oaly coatribution to the gccupational dose, that dase would be quite snall,
However, the occupational dose is dominated by the exposures involved in handling and
nosing the fuel, in handling radwaste, and in decontaninaZing tools during which tin2 the
d0se rates are higher. In all gther respects, the FCR and no~FCR alternatives proved %o
have nearly identical radiation impact. However, the additional handling, duc to nore fuel
at the AFR storage involved, in the FCR alternative results in somewhat higher occupational
doses than would be true for the no-FCR alternative.

4.2.1.3 "Away-from-Reactor" Storage

‘t the wnent, independent spent fuel storage installations (ISFSI) comprise two licensed
fiel pools, the GE installation at Morris, [llinois, and the NFS installation at iWest Vailey,
fiew York, and one facility underqgoin; licensing, the AGHS facility at Barnwell, South
Carolina. These are relatively small facilities with a maxfrum total capacity of less than
1,00 tonnes. An ISFSI design of about 1100 metric tons pool capacity to he situated at

a reactor site and to utilize s~ .» reactor facilities, such as electricity, water, and
waste processing systems, has bezsn reviewed by the NRC staff.]? Such an 1SFSI, designed

to ~eceive spent fuel fron several neighboring reactors of 2 utility, would have reduced:
transportation {(comparable to offsite reactor transshipment) compared to a large regional
ISFCL. However, for the purposes of bounding the impact: of this alternative, large [SFSIs
witr total capacities of the order of 6,000 tonnes in multiple units of about 500 tannes
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20 In eéfect, each independent unit is the size of the currently pro-

each were assumed.
jected larger fuel pools at reactors and is designed, built, and operated in very much the
same manner. Thus. the majority of the radiological impact considerations {including cask
handling) are essentially identical. However, in this case, transportation of spent fuel to
the facility, assumed to be 1000 miles away, constitutes a najor pathway of dose to the
environment.Z‘ The storage of much larger quantities of spent fuel at these facilities
would raise the quantities of noble gases released to the atmosphere per storage facility.
Also, the much increased fuel load tended to increase the handling dose, thus raising the
occupational exposure; while the more specialized design of these facilities resulted in a
lowering of radionuclides released to the aquatic environment.

4,.2.2 Safety and Accident Considerations

To be a potential radiological hazard to the general puhlic, radioactive materials must de
released from a facility and dispersed offsite. For this to happen:
- The radioactive materiais involved must be available in a dispersable fom,
- There must be a mechanism available for the release of such materials from the
facility, and
- There must be a mechanism available for offsite dispersion of such released
material.

Although the inventory of radioactive materials contained in 1000 MTHM of aged spent fuels may

be in the order of a billion curies or morz, very little is available in a dispersable form;

there is no mechanism available for the release of radioactive materials in significant gquantities
from the facility; and the only mechanism available for offsite dispersion is atmospheric
dispersion. Increased spent fuel storage with AR or AFR storage nomally involves only

aged “uel. The underwater storage of aged spent fuels is an operation involving an extremely

low risk of a catastrophic release of radioactivity.

The radioactive materials present in a spent fuel storage installation are:

- The spent fuyel in storage

- Impurities in the pool water

- The "crud” deposits on the surfaces of the fuel pins and fuel assembly structural
components

- Airborne radicactivity, primarily due to entrainment in evaporating pool water

- Impurities removed from the pocl waters by filtration and ion exchange treatment

- Wash solutions generated during shipping cask cleanup and miscellaneous decontani-
nation cperations

- Dry materials such as contaminated protective clothing, blotting paper, cleaning
materials and ventilation system filters.

4.2.2.1 Composition of Spent Fuel

The spent fuel in storage is highly Yadioactive, with a total inventory of radionuclides in
the order.of 106 curies per metric ton of contafned uranfum. The gross radiocactivity in
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curies per metric ton of uranium as a function of time since discharge froa a3 reactor
{decay time) is shown in Table 4.4. The decay times were chosen to represent:

y , Days Event
Rk ool "7 - At tire of discharge froa reactor.
120 - Typical short storage time of AR spent fuel.
365 - liominal decay time for acceptance of spent fuel at an AFR (proposed 10 CFR
’ Part 72).
3,650 - Time when only long-lived activity remains.

llote that from a gross radioactivity standpoint, the fission product nuclides are predominant
throughout the life of spent fuels in storage, but that 96.8% of this activity decays away in
the first 120 days and 98.7% is gone in 365 days.

The fission product radionuclides are , emitters, and only those few that enter into
biological processes are of major concern. For freshly discharged fuels at 2 reactor, a
principal concern is the 8-day ]311 which is absorbed by plants, animals and humans, par-
ticularly in natural jodine deficient inland locations. However, since the quantity of 13
present in discharged fuel is reduced by a factor of over a billion times in the first 365
days of decay, it is not a major concern for the storage of spent fuels in an AFR ttorage

facility.

Thase fission product nuclides of primary concern under conditions of long termm spent fuel

storage are 85Kr and 134Cs-Ist and possibly ]29!. These nuclides are present in signifi-

cant quantities, are soluable in water and biologically mobile. Cesium enters the ruscle

tissye of animals and man. The isotape ]Zgl has a low specific activity, 1.4 dpn per gram of

f 1291 to 127 -13

igdine in the environment where the background radio o { ranges from 4.8 x 13

4DK tn

27
I ratios about 10,000 tines background.“" However,

to 3.1 x 10'9. Thus, to receive a dose gf the same order as that natural dose from
e >
tae thyraid would require ‘“91 ta 127

because of its 17-million year nalf-life, its release to the enviromaent should be minimized.

Table 4.4. Radiocactivity Present in Spent Fuels,*
megacuries per metric ton of uranium**

Decay time - 2ays after 4ischarge 0 120 365 3,650
Fission procduct nuclides**+ 130 3.%4 2.36 9,22k
Actinides and their daughter £7.3 0.1N 9.147 2.13%

elements***

Light elements & fuel element 0.189 0.045 0.011 0.002
construction materialse**

*See Appendix G for tabulation of nuclides present
«*23350e4 on =<etric tons of uraniun charged to a reactor
"'Sourfe - ORIGEH code - Reference PWR
T - Power - 37.5 MU/MTY
- Burnup - 33,000 MWd/MTY
- Plant capacity factor = 30%
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Hany of the actinides and their daughter elemants ara also short lived; 99.6% decay away in
120 days. Of those present in aged spent fuel storeu in an AFR storage facility, the plu-
tonium isotopes present the most significant potential hazard.

Of the materials of fuel clement construction and surface crud deposites, the most signifi-
cant radionuclide is cobalt-60.

The only way in which the radionuclides in spent fuel could be made available for dispersal
is by physical rupturing of fuel pins. As fuel assemblies must be handled under water to
provide the necessary protective shielding, a rupture of fuel pins would allow the escape

of free gases, primarily 85Kr. and contact of the fuel material by the pool waters. However,
as corrosion rates of ceramic fuel materials are low, the only observable effect might be a
slight increase in the ]37Cs content of the pool waters.

4.2.2.2 Krypton-85

The principal radioactive gas which could escape from Jefective fuel elements in storage is
sKr. The evidence to date indicates that the free gases present in fuel pin void spaces
leak out rather quickly from defective fuel elements in the reactor and upon discharge, but

that the gases which are contained within the fuel peilet matrix hav2 an extremely low
diffusion rate and hence a low leak rate. Experience at the NFS West Valley reprocessing
plant with chopping fuel, in preparation for dissolution, showed the the release of krypton
from spent fuel was marginally observable on their krypton stack monitor; almost all of the
krypton w~as retained in the fuel until its dissolution. This experience indicates that
even the rupture of a number of fuel elements in the storage pool would not cause a release

85

of “7Kr in sufficient quantities to be measurable offsite.

4.2.2.3 Cesium-134/137

Stable casium is rare geologically and in the biosphere but radioactive cesium from weanons
testing fallout is widely distributed throughout the biosphere. Cesium-137 is important as
it is readily absorbed from the food intake by both animals and man. However, the cesium

in spent fuel is strongly bound within the fuel matrix even when the fuel pellets are
exposed to the pool water. The dissolution rate of cesium is very low and decreases sharply
with time. The cesium concentration in pool waters is readily controllable by circuiation
through an ion exchange resi bed.

4.2.2.4 Pool Water Activity

The fuel pellets are sintered ceramic cylinders which have a very low solubility in

water, and the contained radipactivity is tightly bound within the fuel material. In
addition, the fuel material is hermetically sealed within highly corrosion resistant zircen-
ium alloy {or stainless steel) cladding tubes with welded end closures. The only mechanism
available under normal operating conditions for radionuclides in spent fuel to become
available for dispersal ié-thraugh the corrosion of defective fuel pins by the pool waters.
Experience at pools where aged fucl has been stored (GE Merris Operation and WFS West
Valley) has shown that the activity level of the pool water does show an increasc when muare
fuel is added to a pool but that the activity decreases rapidly with time. The apparent
explanation is that oniy the fuel directly exposed by a cladding defect is available for
attack and only for a relatively short time.
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A Zircaloy-clad fuel bundle containing two failed rods was placed in a closed can after
burnup of 1900 MUD/MTU. After nine years, the radicactive content of the water inside the
can had risen to only 1 nCi {~ 5 ppn of ‘37Cs).23

HFS reported24 137

an experienced pool water impurities compasition of 76% Cs; €% 134Cs; 6%
‘24Sb; 6% 144Ce and 1% 9OSr. GE Morris Operation has alsc identified 6OCo as a minor

contaminant in pool waters. Because of the direct relationship between pool water activity
levels and occupational exposures, there is an incentive to keep pool water activity lTevels

uynder control at all times; values in the range of 10’4 to 1777 : Li/ml are common.

4.2.2.5 Surface Crud Deposits

Crud deposits have been observed on the surfaces of fuel pins and fuel assembly hardware,
particularly on the inner lower nozzle surfaces. The thickness of these crud layers varies
from almost nil up to about 150 microns.25 Surface appearance varies from a dense black
for PWHR fuels to an orange-red for scme BWR fuels, dependng upon reactor primary coolant
circuit characteristics.- These crud layers are oxides of iron, nickel, and copper and
mixed oxides.

These crud deposits slough off during shipping and are .e principal source of contamina-
tion of cask coolants. A small fraction also apparently becomes either dissolved or
suspended in the pool waters, e.g., 6OCo. However, based on visual observations at the
HIFS Wes. Valley plant, most of the crud deposits remained on the fuel assembly until it
was chopped up prior to reprocessing.

1.2.2.6 Airbe . e Radioactivity

Airborne radiocactivity within a spent fuel storage facility is a function of: the pool
water activity, care used in handling fuel, freguency of fuel transfer operations and qcod
nousekeeping practices. Based on G.E. experience, the airbs e wctivity levels are a factor
of 10'3 less than the pool water activity and are routinely less than 1% of the occupational
exposure limits in 10 CFR Part 20, Appendix B, Table I.

4.2.2.7 Pool Water Purification System

Spent frel storage pools are serviced by a pool water cleanup system consisting of filters
and ion exchange units, and the necessary pumps, tanks and piping. These systens may
contain concentrations of radionuclides as ruch as 100 times that of the pool waters,

enough %o raquire local shielding and carefully controlled operating procedures. However,
the inventory of radionuclides available for disposal is limited to that contained in a

spent fiiter w ion exchange unit at the time of replacement. As these arc wetted naterials,
spil,s could cause a Tocal decuntamination and cleanup problem but the materials involved

are readily contained.

4.2.2.8 Decontamination Solutions

Shipping casks represent the major source of contaminated wash solutions. During shipmoat
some aof the surface crud on fuel assemblies can becase dislodged and becorme a source of
contamination to the cask cavity. On receipt at the storage installation, the water in the
cask cavity is sampled for radioactivity and, if necessary, flushed out before the cask is
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opened. The wash waters generated are collected in the onsite low level waste system for
treatment prior to disposal.

Wash solutions from plant decontamination operations are also collected in the low level
waste system for treatment prior to disposal.

The GE Morris Operation has a somewhat unique éysten, different from that described

above. This facility has a vault which is embedded in rock for their collection of low
level wastes. This vault was originally intended for the collection of low level wastas
fraa the reprocessing plant and is designed for relatively long period onsite storage to
take advantage of radicactive decay before final treatment and disposal. It is not antici-
pated that a storage only facility would be equipped with such a vault, but would more _
Tikely use relatively small volume tankage behind siiclding for the collection Of . 1oW 1 BVe ). s airichvositesssiilin.
wastes b}idr io treatment.

4,2.2.9 Dry Waste Materials

A spent fuel storage operation also generates dry radiocactive waste materials. These
consist of contaminated protective clothing, blotting paper, and cleaning mops and plastic
sheeting. Such materials are nomally collected in plastic bags and packaged in drums
prior to disposal. The contained radioactivity in such drums is normally in the order of
200 uCifdrum. This activity adheres to the materials involved and is not in a readily
dispersable form,

4.2,2.13 Release Mechanisms

As underwater storaje is a low temperature, 1nw pressure environment, there is no driving
force for the sudden release of a major fraction ot the radioective materials contained in
the stored spent fuel pven under abnomal cperating conditions. S$nall quantities of radin-
active materials could be released inside the facility during an inadvertent venting of a
shipping cask while it is heing prepared for unloading or a spill of low level waste
materials in the waste handliag and treatment system.

4.2.2.11 Offsite Dispersal Mechanisms

Again, because of the absensa of high temperatures or prossures in d4n under water spent
fuel storage operation, tne only mechanism for offsite dispersal of released radioactive
materials is atmospheric conditions.

4.2.3 Accidents and Natural Phenomena

For an accident to represent a potential rudiological hazard to the general public, the

same conditions apply - radioactive materials nust be released from the facility and dis-

persed offsite. For this to haapen:
= _..The_radicactive materials.involved must- be-rendered into-a dispersabie form,” =~ 77
- These must be released from the facility, and
- The conditions must be present for dispersion offsite of such released materials.

A range of potential accidents and natural phenomena events have beer anaivzed.

= 000043
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4.2.3.1Y Accidents Resulting in Ruptu;ing of Fuel Pins

Both NFS and AGNS included in their safety analysis reports (Docket Wos. 50-2031 and 70-1729
respectively) an under water fuel drop accident in which it was assumed that all of the
fuel pins in a fuel assembly were ruptured. Because of the age of the spent fuel, very
little ]311 remains and with a decontamination factor of 100 for an under water release, a
negligible amount of 1317 would be available for dispersion offsite. The NFS calculated
release rates for an assembly exposed for 33,000 MWO/MTU and cooled for a minimum of 120

days were:
Release Rate - Ci/Sec
Nuclide From Fuel From Pool
85, 5.5 x 1072 5.5 x 10°%
e 9.2 x 107/ 9.2 x 1077
129, 5.7 x 10710 3.7 x 10712
131y 2.9 x 1077 2.9 x 1072

With ground level re'ease dispersion factors in the order of 167 to 1077 sec/m3 at most
sites, site boundary concentrations would be a small fraction of the 10 CFR Part 20,
Appendix 8, Column II, limits.

4.2.3.2 Laow-Prabability Missile Accident

An analysis has also been made of a low-probability missile accident at a storage only type
of facility containing 1 year and 3 year, aged, spent fuel. The accident was defined as
the penetration of the building by a tornado generated missile that lands in the storage
pool. The activity in the gap between the fuel and the fuel cladding is released from the
fuel pins ruptured by the impact of the missile. The missile evaluated was a 13.5-inch-
diameter by 35-foot-long utility pole, travelling at 144 mph.

Assuming that the missile entered the pool at an optimum angle, 1 45 foot row of fue!
assemblies could be impacted if the missile was not deflected from its course of travel.
Assuming a uniform storage array of 40 BWR assemblies and 27 PWR assemblies, a total of

20 MT of fuel could be impacted. It was assumed that 10% (a high figure) of the contained
85Kr is in the fuel cladding gap and hence available for release. Similarly, % of the
ngl is also assumed present in the gap. However, iodine is soluble in water and an under-
water release would be subject to a decontamination factor of at least 100. On this basis
the source terms for spent fuel exposed to an average of 28,000 "Wd/MTY shown in Table 4.5

were calculated.

- 3
Assuming an atmospheric dispersion factor (x/Q) of 10 4 sec/m” for a ground level release and
a site houndary distance of 275 meters, the c3iculated dose ratas are shown in Table 1.6,

The calculated doses shown in Table 4.6 are obviously quite small and are a fraction of the
average annual natural background dose of qreater than 0,1 rem.

4-19
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Table 4.5. Calculated Source Terms for Low-Probability Missile Accident
Analysis - Away-from-Reactor Storage Pool

Inventory furies Released Curies Released
Ci/MI* Fraction per MTU per 20 WT of Fuel
Radio- Tyr 3 yr in Release T-yr old 3-yr old Tyr I yr
nuclide decay decay Gap** Fractions*** fuel fuel old old
By 9.6x100  8.4x10° 0.1 0.1 56100 g.4x100  1.9x10° 1.7x10%
129 3.0x102 311072 0.00 0.01 3.1x10°8 3.1x1078  6.2x107° 6.2x107°
Bases:

+28,000 {average) MWd/MTU burnup, ORIGEN Code calculation.
**85 . - yox; 1291 = 1%
*=85 . - 100%; 1291 = 1% of gap activity

Table 4.6, Calculated Site goundary Dose Rates for Low-Probability Missile
Accident at Away-Fron-Reactor Storage Pool

Exposure at

Site Boundary, Tose
Ci Released Ci-sec/m Conversion Critical Qrgan Dose, rem
Radio- T yr 3 yr 1 yr 3 yr Factar, 4 T yr 3 yr
nuclide decay decay decay decay Rem/Ci-sec/m" decay decay
85, 1.9x10®  1.7x10% e 1.7 3.0x107% 5.7x1072x%  5.1x107 e
129 6 20075 620075 60?1077 a.6x10° 2.9x10 Paxr 2,910 2w

«50-year cowiitnent
**Skin

s+*Thyroid

31.2.3.3 Fires ang Explosions

fires and explosions coul be the driving force for the dispersion of radioactive materials in
finely divided forms. However, there is no need for the use of explosive materials in an AFR
storage facility and normal operating procedures limit the accumulation of combustible materials
such as paper. Such materials are used for routine decontamination operations, but as soon d4s
ysed, these materials must be properly bagged to preven’ a further spread of contamination.
Serious fires and explosions are not considered credible in arn AFR storage facility.

4.2.3.4 Criticality Accident

Assuming the fuel storage desiqn was adequate, 3 criticality accident in a spant fuel pool could
conceivably appronach the Jower jevels (less than 1,000 kW) of a “swimming poct” type of research
reactor.2® As proven by the gperation of such reactars for many years, conditions did not
generate enough energy to disperse any radicactive materials to the atmosphere from under more
than 12 feet of water.

ud

p
i
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4.2.3.5 High Poo! Water Activity

Based on operating experience at the GE Morris Operation and the NFS West Valley Plant, spent
fuel storage pool water activity should normally be maintained at less than 5 x 10'3 wCi/ml, At
this concentration the dose rate on the bridge crane above the pool is less than 2 mram/hr.

An increase in the pool water activity by a factor of ~ 10 times to about 5 x 10’2 pCi/ml would
result in a dose rate of about 20 mres/hr based on NFS experience when their pool became contami-
nated due to ruptured metal fuel elements from the dual purpose N-reactor at Hanford.

During a period of high pool water activity, fuel transfer activities would nor-ally be curtailed
until the pool water activity is reduced to nomal! operating levels.

4.2.3.6 Rupturc of Waste Tank or Piping

One of the potential sources of in-plant perscnnel exposure is the low level waste treatment
system. The backwashes from the pool water filters and denineralizers are normally piped to a
collection tank prior tc concentration and soliditication. Activity levels in the piping and
collection tanks are in the order of 0.5 to 1.0 «Ci/ml. For this reason, this system is normally
locatea behind shieiding.

A break in the piping or a rupture of the collection tank might cause a leak of 100 gals. of
contarminated water to the floor inside the building. The area would have to be isolated, and
decontanination and cleenup action initiated.

One rethod of cleanup would be to absarb the spillage witn vermiculite and load it into druns
for disposal, If the waste treatrent facility is located within a shiclded cell with a HEPA
filzor in its exhaust air Juct, and only particulates ere inyolved, 99.9% of which would be
Laptared on the HEPA filter, itre effacts of the sDil) would de confined to the cell. A decon-
zasiration ana cieanun ojeratiar wguld be necessary, hut this could be canfined ang would nave 4
£

regtiainie effert oo Ine rest of the instaliztion ov irg envircns.

.-

f the waste treatment facility is located behind shielaing but not ir an enclosed cell, or the

al
-

all dogr was open, the airborae fraction of the spill could be distributed within the facility

n a pattern depending on air flow.

With an air volume of 100,000 ft3 or greater, the activity of tne building air might be in-

‘creased initially, but with circylation through a KEPA filter, this activity could be reduced to
ncma! lavels vithin a shars time.  Access to the building could be restricted ‘or this short
parizd of tinme but essentiail operations could be carrie: out under "special work pemit” restric-
tigns.

Exposure 3f in-plant persuane! shou'd be readily comtrollable by operating procedures angd paysi-
cal bharriers. There should be a negiigiole 2fect offsite.

4.2.3.7 Lowering of Pool Water eve!

1,750-%0on-capacity storage poo’ s estimated to sontaia 1,280,000 3alluns of wa*2r and ne 33
wr more feet deep. The water in a spent fuel sterade pool serves the dual functicns of heat

“emaeal and shielding.  Spent fy2l steraga pools are nomally designac with a ninimum af 12 feet
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of water over the fuel in storaje, enough to reduce the garma dose rate from the fuel assenblies
to less than 3.5 ar/hr at the pool surface.

Fuel transfer mechanisas have limit seitches and nechanical stops to prevent raising a fuel
element or & storage canister to less than 9 or 10 feet of the water surface.

- A loss of 5% of the water, about 50,000 gallons, would have only a negligible impact
on personnel exposures,

- A loss of 25% of the water, about 250,000 gallons, would reduce the shielding over the
stored fuel o about 6 feet. Under these conditions the fuel transfer bridge crane
work could be carried on within the facility but this may have to be done under “spe-
cial work pemit" conditions.

The fall of the water level to this Hepih aay require an emergency .wdification of the cooling
water circuit inlet and outlet lines, such as connecting emergency supply and cutiing off any
bleed-of f system, but this should be feasible without serious over exposure of personnel.

Mmile the loss of all wate~ is beyond the design basis envelope, it involves only low risks for
independent spent fuel storage installations in which only aged spent fuel is stored. The major
consequance of such an unlikely event would be @ small skyshine dose at a site boundary. Dose
rate versus distance calculations have been :ade for this event.

The heat generation rate of spent fuel decreases rapidly witn time for a short period foilowing
dischérge from a reactor. For exanplz, at one year after discharje the spent fucl neat genera-
~ion rate is less than one percent of its rate when it }s-discharged fron the reactor. Al ten
years its heat genaration rate has dscreased by anothes factor of ten to one-tanth of one percert.

Assuning that the it fuel storad at an independent spent fuel storage installation is at
lpast ane year o'd, caleglations have been nerfamed t0 show *Rat 1335 of water should not
rossls in fuel failuve dua ¢ nigh temperacures if proper rack dasign is enployed.23 Such
cesijn specification is included in %2C regulatory Jjuidance nos in preparation. Cooling by
natural convection air currents alone should de adnquate. The staff pelieves that such storage
facilities can he designed and constructed to assure that loss of the pool water will be a
hignly unli¥ely event. B8ased on its safety reciews of similar facilities the staff finds that
such psnls .:n be constructed tu w1thstand severe evenris and backup sources of Jater can de
proyvided.

3.2.3.8 Loss of Cooling

Because thare i3 ajeguat2 time 1t take corrective action in tne event of a loss of cooling at an
AFR storage facility, there are no special requirenents nlaced on the design and construction of
tne conling systet other than the paol watzr de circulates in a closed loop. However, in the
cyurse of a safety review, tne staff Joes requirz an adequaie backup supply of water. 1 loss of
the cooling systen for a nunber Of weeks was experienced at the Gt Morris facility operating

+ -ing the 1976-1977 winter with no adverse e‘fects.

On January 15, 1977 a two nour interruption ia the power supply snet 3own the circulating pung.
The outdoor temperature was -i9°F. dhen anrmal flow was reestabiished, a pipe break was dis-

covered and the systea was snut @ om ooad drainad. With 225 tans of fyel ia starage, the AL ool

-2
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reached an equilibrium ta1perafurc of 115°F over a nuiber of weeks. The hunidity in the building
was uncoafartably high, but otherwise this incident had no adverse impact on either plant per-
sonnel or the general public.

HFS showed an analysis in their SAR for a planned expansion progran of their pool filled with
fuel (giving of f 12 x 706 Btu/hr) and allowed to reach a boiling temperature. Their calculated
time required to recach boiling was 48 hours for an isplated pool, and a boil off rate of 1,500
gal/hr. A comparable staff calculation for a rwuch larger pool and more compact fuel storage but
with a heat generation rate more typical of fuel placed in extanded storaye showed 3 temperature
rise of about 4°F/hr. and the time to reach boiling was 33 hours. .

These figures show that there is tine to take corrective action even with a cowplete loss of
cooling. If conditions preclude reactivation of the cooling system within the tine allowance to
reach boiling, makeup water must be provided to of fset evaporation losses. A staff calculation
for a pool containing 1,000 tons of fuel with a heat generation rate of 3.4 x 107 Btu/hr would
require 60 gal/nin to maintain the water level under boiling conditions.

To assure the availability of makeup water during an extended outage of the cooling system,
there -wst be a reliable water source and a means of delivering water to the spent fuel storage
pools should the need arise.

HFS calculated that, with a decontamination factor of 104, the airborne activity within the
building, with the pool water boiling, weuld be less than the occupational exposure concen-
tration limits shown in 10 CFR Part 20, Appendix 3, Table 11, Column 1.

4.2.4 (onsiderations and Assumptions Used for Jffsite Transportation Accident Analysis

All information in this section is sunmarized fron WASH-1238, “Enviromiental Survey of Irans-

#29 The consequencer of a

portation of Radioactive “aterials to and frum Huclear Power Plants.
najor reiease of radioaclive naterial from 2 spent fuel shipping cash could be sever2; iowever,
the Tow probability of such an occurrence during transportation makes the risk from such acci-
dents extrerely snall. Spent fuel shipping casks are desiqned to withstand severe traasportatign
accidents without significant loss of conteats or increase in esternal radiation levels. The
casks are protected from the damaging effects of impact, puncture, and fire by thick outer

piates, protective crash frames, or other protective features designed to control danage.

Transportation accidents occur in a range nf frequencies and severities. Most accidents occur
at low venicle speeds. The severity of accidents is greater at higher speeds, but the frequency
decraases as the severity increases. Transportation accidents usually involve some cobination
of inpact, puncture, fire, or submersion in water.

4.2.4.1 Zstinatas of Releases in Accidents ig

Estinates of tre anount of rdadioactive material releasad and tne calculated doses in the unlikely
event that a shipping cask is breached are sumiarized herein, The consequences in *armg of

potential doses ti humans were calcuylated for the estimated raleases of SSKr, ]311, 3nd Tission
products. Hormal distributions of weather and pooulation densities for a release on land were

ased i tee calculstions,
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APPENDIX 1

RATICRALE FOR THE PLANNING BASIS

General Considerations

The Task Force considered varicus rationales for establishing

a planning basis; including risk, probability,

cost effectiveness, and conseguence spectrum.

After studying the various approaches discussed below, the

Task Force chose to base the rationale for the planning basis
on a spectrum of consequences, tempered by probability consider-

ations.

With respect to the risk* rationale.such an approach would
establish "planning guidance" that could be comp: with

the risks associated with non-nuclear accidents. This

rationale would seemingly give a uniform basis for emergency

. anning and would clearly indicate the level of risk that

zould be mitigated by advanced planning. However, emergency
Jlanning for non-nuclear hazards is not based upon quantified
risk analyses. Risk is not generally thought of in terms of
probabilities and consequences, rather it is an intuitive feeling
of the threat posed to the public. Reactors are unique in this

regard: radiation tends to be perceived as more dangerous than

other hazards because the nature of radiation effects are less commonly

*Risk is defined as accident consequences -imes the probability of
accident occurrence.

000¢



I-2

understood and the public generally associates radiation
effects with the fear of nuclear weapons effects. In addition,

a risk-related rationa]e‘nﬁght inply the determination of an
acceptable level of risk which is cutside the scope of the Task

Force effort. Choosing a risk comparable to non-nuclear events,
therefore, was not directly used as the rationale fcr an emeragency

planning basis.

With respect to a probahility ration2le, one could arrive at
“planning gdidance" by selecting an accident probability

below which development of an emergency plan could not be
justified. Factors favoring using this rationale center around
providing a quantitative probability basis, which could be
compared with the probabilities of other types of emergencies

for which plans are prepared.

Factors arguing against the probability rationale are similar

to those against the risk approach. Emergency planning is not
based upon quantified probabilities of incidents or accidents. On
the basis of the accident orobabilities presented in the Reactor
safety Study {nuclear and non-nuclear) society tolerates much more
probable non-nuclear events with similar conseauence soectrums
without anv soetific planning. Radiniogical emercencv nlannina is
not based upon probabilities, but on public perceptions of the
nroblem and what could be done to protect health and safetv. In

assence, it is a matter of prudence rather than necessity.
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Ageneric “probability of an event" appropriate fur piansing has

many implications felt to be outside the scope of the Task Force

obiective. However, the concept of accider * probability is imoortant

and does have a place in terms of evaluating the rance of the
consequences of accident sequences and setting some reasonable
bounds on the planning basis. The probability rationale was used
by the Task Force to gain additional perspective on the planning

basis finally chosen.

With respect to a cost-effectiveness rationale, the level of
emergency planning effort would be based on an analysis of

what it costs to develop different levels of such a plan and

the potential consequences that could be averted by that degree
of development. The factor favoring the cost-effectiveness
rationale is that an emergency plan could be developed on the
basis of cost per :otenfial health effect averted. Factors
arguing against the cost-effectiveness rationale are the dif-
ficulty in arriving at cost; of plan development and rmaintenance
and considerations that general and radiological emergency
response plans have already been developed. In addition, absent
an actual accident, it would be very difficult to assign a doilar
value to the effectiveness of the plan in terms of health effects
averted.

Lastly, the calculated consequences from a spectrum of postulated

accidents was considered as the rationale for the planning basis.
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Such a rationale could be used to help identify desirable
planning elements and establish bounds on the planning effort.
Further, a planniﬁg basis could be easily stated and understood
in terms of the areas or distances, time frames and radio-
logical characteristics that would correspond to -he conse-
quences from a range of possible accidents. Consegquence oriented
guidance would also provide a consistency and uniformity in
the amount of planning recommended to State and local
governments. The Task Force therefore judged that the conse-
quences of a spectrum of accidents should be the principal

raticnale behind the planning basis.

Consegquence Considerations

The Task Force considered the complete spectrum of accidents
postulated for various purposes, including those discussed

in environmental reports (i.e. best estimate Class 1 through

8 accidents), accidents postulated for purposes of evaluating
plant designs (e.g. the DBA/LOCA), and the spectrum of
accidents assessed by the Reactor Safety Study.. The Task Force

concluded that the environmental report discussions (Class 1-8)
were too limited in scope and detail to be useful in emerganiy

planning.

1. Design Basis Accidents

Under NRC Regulations, the site/reactor design combination must

be such that the consequenc2s of design basis accidents are
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below the plume exposure guidelines of 10 CFR Part 100. The
design basis loss-cf-coolant arcident (DBA-LOCA) has been
typically tne most severe design basis accident in that it
results in the largest calculated offsite doses of any accident
in this class. The DBA-LOCA is not a realistic accident

scenario in that the release magnitudes are much more severe than
would be reaiistically expected and may exceed that of some core-
melt type accidents. A best estimate assessment of the release
following a LOCA would be significantly smaller than the DBA-LOCA
used for siting pbrposes. An analysis of this accident has been
performed for most of the power plants licensed or under review
by NRC to determine the dose/distance relationships as computed
by traditionally conservative assumptions used under 10 CFR Part
100 requirements. Pasults of this studv are presented late~ in
this appendix. ‘The study concluded that the higher PAG plume
exposures of 25 rem (thyroid) and 5 rem (whole body) would rot

be exceeded beyond 10 miles for any site analyzad. Evar under
the most restirictive PAG plue exposure values of 5 rem to the
thyroid and 1 rem whale body, over 70 percert of the plants would
not require any consideration of emergency responses Leyond 10
miles. It should be noted that even for the DBA-LOCA, the lower
rangé of the plume PAGs would likely not be exceeded outside the

low population zone (LPZ) for average meteorological conditions.
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For the ingestion pathways, under the same DBA-LOCA conditions,

the downwind range «ithin which a PAG of 1.5 rem thyroid could

be exceeded would be limited to within 50 miles even

under the conservative 10 CFR 100 assumptions. The 50 mile
distance is also justified as a maximum planning distance

because of likely significant wind shifts within ihis distance

that would further restrict the radius of the spread of radioactive

material.

2. Class 9 Accidents

"Class 9" accidents cover 2 full spectrum of releases which range
from those accidents which aie of the same order as the DBA-LOCA
type of releases; j.e., doses on the order of PAGs within 10 miles;
 to those accidents which release significant fractions of the
available radioactive materials in the reactor to the atmosphere,
thus having potential for 1ife-threatening doses. The lower

range of the spectrum would include accidents in which a core
»melt-through" of the containment would occur. As in the DBA-LOCA
class, the doses from "melt-through" releases (involving

thousands of curies) generally would not exceed even the most
restrictive PAG beyond about 10 miles from a power plant. The
upper range of the core-melt accidents is categorized by those

in which the containment catastrophically fails and releases large
quantities of radioactive materials directly to the atmosphere

because of over-pressurization or a steam explosion. These
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accidents have the potential to release very large quantities
(hundreds of millions of curies) of radioactive materials. There

is a full spectrum of releases betwezen the lower and upper range
with all of these releases involving some combination of atmospheric
and melt-through accidents. These very severe iccidents have the

potential for causing serious injuries and deaths. Therefore,

emergency response for these conditions must nave as its rtirst

priority the raduction of ear:!y severe nealitn efrects. atuoies(6’7)
have been performed whicn inadicate tnat if eémergency actions sucn
as sheltering or evacuation were taken within about U miles or a
power plant, there would be significant savings of eariy injuries

ana geatns from evcn the most “cevere” aumospneric releases.

For the ingestion pathways, (due to the airborne releases and
under Class 9 accident conditions), the downwind range within
which significant contamination could occur would generally be
limited to about_SO miles from a power plant, because of wind
shifts during the release and travel periods. There may also pe
conversion of iodine in the atmosphere (for lonc time periods)

to chemical forms which do not readiiy enter the ingestion patnway.
Additionally, much of the particulate materials in a cinud woulg

have been aeposited on the ground within about 50 miles.

C. Probability Considerations

An additional perspective can be gained when the planning basis

is considered in terms of the likelihood (probability) of

accidents which could require <ome emergency response.
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Probabilities can be used to give a perspective o the
emergency planner by comparing the chance of a reactor accident
to other emergencies for which plans and action may be required.
This consideration forms an additional basis upon which the
Task Force selected the planning basis. The Reactor Safety
Study (RSS) estimated the probabilities* of various severe
accidents occurring at auclear power plants. The probabilitv cf
a loss-of-coolant accident (LOCA) from a large pipe break was
estimated to be approximately one chance in 10,000 (1x10'4) of
occurring per reactor-year. LOCA accidents would not necessarily
Jead to the melting of the reactor ceore since emergency core
cooling systems (ECCS) are designed to protect the core in

such an event. In fact, other accident initiating events such
as the loss-of-coolant accident from a small pipe break or
transient events have a higher chance of leading to core-melting
than do large LOCA accidents. Core-melt type accidents were
calculated to have a probability of about one chance in 20,000
of occurring per reactor-year. There is a significant degree

of uncertainty associated with both of the above . obability

estimates.

* Use of the RSS probability estimates, in the context of emergency planning,
has been thoroughly examined. It is recognized that there is a large range
of uncertainties in these numbers (as indicated in the Risk Assessment
Review Group Report, NUREG/(.R-0400), but the perspective gained when ccn-
sidering the probabilities is important in making a rational decision
concerning a basis for emergency planning.
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The degree of uncertainty is such that no differentiation can
be confidently made, on a probabilistic basis, between the
DBA/LOCA and the releases associated with less severe core-m:lt

categories.

A< discussed in Appendix III, the Task Force has concluded that
both the design basis accidents and less severe core-m:1t accidents
should be considered when selecting a basis for planring pre-
determined protective actions and that certain features of the

more severe core-melt accidents should be considered in planning

to assure that some capability exists to reduce the consequences

of even the most severe accidents. The low probabilities associated
with core-melt reactor accidents {e.g. one chance in 20,000 or

5 x 10'5 per reactor-year) are not easy to ccmprehend and additional
perspectives are useful. Within the next few years, there will

have been accumulated approximately 50C reactor-years of civilian
nuclear power plant operation in this cuuntry. Less than 30% of

all core melt accidents would resul” “n high exposure outside the
recommended planning distances. Therefore, over this time period*
the probability of an accident v.itnin the USA with exposures
exceeding the plume or ingestion PAGs outside the planning basis

-Ex .
distances would be about 1:5x 0 ~ " x 500 or about 1 chance in

* The Reactor Safety Study exiiicitly lTimits its analyses to the first

100 reactors and five years (throuyh 1980).

*+ This estimate is based upon the assumptions of the RSS. It should

be noted that there is a large uncertainty on this number.
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100. To restate fhis, there is about a 1% chance of emergency
plans being activated in the U.S. beyond the recommended EPZs
within the next few years. For a single State, this probability
drops appreciably. For a State with ten reactors within or
adjacent to its borders, the probability of exceeding PAGs
outside the planning basis radius for the plume exposure pathway

is about 1.5 x 10 x 10 or about one chance in 6000 per year

according to the Reactor Safety Study analysis.

For perspective, a compariscn between reactor accidents and
other emergency situations can be made. Considerations of
emergency planning for reactor accidents are quite similar
to many other emergencies; floods, for example, have many
characteristics which are comparable. Timing, response
measures and potential consequences, such as property

damage are similar for both events.

Flood risk analysis has been carried out by the Flood
Insurance Program of the Department of Housing and Urban
Development and the Corps of Engineers. Flood plains have
been designated for all areas of the country by comr—*ing
the probability of being flooded within a certain period

of vime; ie., the 100-year flood plain designates those
areas which can be expected to be under water when the worst
flood in a century occurs. Even with this relatively n:igh
probability of severe flood occurrence there a2re no explicit

requirements for emergency response planning.
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Hurricanes and tornadoes are two potential threats for which some
emergency planning is required. Approximately 2 hurricanes
per year may be expected to hit the Atlantic coastal States
which require emergency respons::. For individual States, the
hurricane frequency ranges from 0.0] to 0.65 per year.
Tornadoes have a very high probability of occurrence per year.
A severe tornado can be characterized by wind speeds of

aver 200 miles per hour. Such tornadoes are capable of
1ifting cars off the ground, tearing roofs and wall;

off frame houses, overturning trains, and upronting or
snapping most trees. Emergency actions would probably be
taken for such tornadoes. The frequercy of severe tornadoes

for individual States, ranges from about 0.1 to 4 per year.

Severe reactor accidents are at least 100 times less likely to
occur than these other disasters requiring emergency response.
Ye nevertheless belfeve, that it is appropriate to develop
flexible emergency response capabflities which will assure that

consequences from nuclear reactor accidents are minimized.
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