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Preventing Fuel...
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debris that have caused debris-induced 
fuel failures. Debris of width greater than 
0.1 inch and debris of length greater than 
0.5 inch are fi ltered out.

The Defender Debris Filter is made 
out of Nuclear Grade 316L stainless steel 
strip material. This material has had sig-
nifi cant testing and in–reactor service and 
is deemed to be an appropriate material 
for this application when taking into con-
sideration physical properties, corrosion 
resistance, and stress corrosion resistance. 
Specifi cally, this material is used in con-
trol blade sheaths, which are structural 
load bearing components. This material 
has performed well in this application for 
many years. In particular, the 316L con-
trol blade sheath material has proven to be 
resistant to intergranular stress corrosion 
cracking (IGSCC), as well as irradiated as-
sisted stress corrosion cracking (IASCC) 
to relatively high neutron fl uence levels.

The Defender Debris Filter 316L 
material was also chosen for its general 
dimensional stability in the reactor en-
vironment including consideration of 
mechanisms such as corrosion, erosion– 
corrosion and irradiation growth. General 
corrosion of 300 series stainless steels in 
de-ionized water at reactor temperature is 
very small, being on the order of 0.00025 
inch or less over ten years. Erosion–cor-
rosion in single–phase fl ow is a concern 
only for plain carbon steels. Addition of as 
little as 0.5% Cr is suffi cient to eliminate 
the concern for fl ow–assisted corrosion. 
The nominal chromium level in 316L is 
17%. Signifi cant corrosion or erosion of 
316L has also not been observed in the 
reactor environment. Irradiation growth is 
also not recognized as a practical design 
consideration for 316L over the applicable 
range of reactor conditions. The irradia-
tion temperature under BWR conditions 
(288 degree Celsius) is well below the 
nominal lower threshold of ~370 degree 
Celsius for irradiation growth.

The cover plate is also 316L, while 
the Lower Tie Plate is 304. The 316L and 
304 material combination has been suc-
cessfully utilized in other BWR applica-
tions such as GE Control Blades. All other 
water rod and tie plate materials are un-
changed.

The debris fretting failure rates have 
been substantially reduced relative to fuel 
bundles operated without benefi t of debris 
fi lters. Full-scale fi lter effectiveness test-
ing has proven the superior fi ltering of the 
Defender Debris Filter relative to previous 
designs - especially with regard to small 
wires. The Defender Debris Filter is ca-
pable of fi ltering 100% of all failure de-
bris identifi ed and characterized from past 
GNF fuel rod debris failures.

Safety Response
The Defender Debris Filter and its 

associated lower tie plate was evaluated 

as it affects the fuel and other related 
components. Pressure drop testing on the 
Defender Debris Filter indicates that the 
pressure drop is the same as the pressure 
drop for the previous fuel and debris fi lter 
design. Therefore, there is no effect on 
maximum core fl ow capability, Minimum 
Critical Power Ratio (MCPR) operating 
margin, core and channel stability, fuel 
lift, and recirculation system pumping 
power relative to the previous fuel 
and debris fi lter design. No increase is 
expected in the peak clad temperature or 
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the long–term core temperature following 
a Loss of Coolant Accident (LOCA). No 
signifi cant deposit formation is expected 
to occur based on visual confi rmation 
of fl ow holes in similar fl uid velocity 
regions in multiple plants. Buildup of 
debris and resin beads with respect to 
blockage have been evaluated with no 
signifi cant fl ow blockage expected to 
occur. Conservative projections of the 
amount of fi brous material that could 
bypass the Emergency Core Cooling 
System (ECCS) Suction Strainer and 
interact with the Lower Tie Plate (LTP), 
coupled with ATLAS testing designed 
to characterize the potential effect that 
fi ber accumulation may have on fl ow 
resistance, confi rm that adequate long-
term cooling will not be prevented and no 
unresolved safety issue exists. A full scale 
instrumented Flow Induced Vibration 
test was performed for GE14 fuel with a 
Defender Debris Filter with no signifi cant 

effect on fuel rod vibrations. In addition, 
post testing physical examination of the 
bundle indicates no movement or damage 
to the fi lter as a result of fl ow through the 

bundle. In conclusion, signifi cant testing 
and analysis has been performed to ensure 
that safety is maintained or enhanced 
through use of the Defender Debris 
Filters.

Radiation protection savings are also 
realized with the use of Defender Debris 
Filters and fuel failure protection due to 
reduced radioisotope activity in the plant 

associated with a failure and reduced time 
spent on the fuel fl oor during the refueling 
outage. Normal outage activities that 
adversely impact dose and critical path 
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time with a fuel failure include “sipping” 
(both in-mast and vacuum can) of the 
entire core to identify which fuel bundle 
is failed, additional fuel moves to the fuel 
prep machine, and visual inspection of 
the fuel failure to ensure there is no extent 
of condition.

On average, the impact to Chemistry 
for a fuel failure is approximately 500 

mRem incurred dose. Preventing debris-
induced fuel failures would eliminate this 
impact.

Cost Savings Response
Peach Bottom Atomic Power Station 

has experienced debris-induced fuel fail-
ures in four recent fuel cycles. The im-
pacts to Exelon as a result of the fuel fail-
ures occurs in several areas including:
•  Diminished Generating Capacity
•  Increased Personnel Exposure
•  Early Discharge of Fuel and Control 

Blades (used for power suppression)
The cost to Exelon associated with 

these impacts is large and varies from 
cycle-to-cycle depending on where in 
the core the fuel failure occurs, when in 
the fuel cycle the fuel failure occurs, how 
effectively the failure is managed to pre-
vent degradation, and how many control 
blades are inserted for suppression of the 
power in the failed fuel rod(s).

The most recent fuel failure occurred 
in Peach Bottom Unit 2, Cycle 17. Two 
power suppression control rods were in-
serted to prevent degradation of the fail-
ure. The unit was operated successfully to 
prevent degradation of the failure (i.e., a 
mid-cycle shutdown to remove the failure 
was not required). Generation was signif-
icantly impacted as the failure occurred 
approximately half way through the two-
year fuel cycle. Power suppression test-
ing occurred over a four-day period at 
de-rated conditions (approximately 60% 
power). Subsequent power maneuvers 
required slow ramping of the fuel on the 
order of 1% power per hour to prevent 
degradation of the failure. The two con-
trol rods inserted for power suppression 
reduced the energy capability of the core 
resulting in a longer power coastdown to 
84% power at end-of-cycle. The combi-
nation of these generation impacts result-
ed in a loss of approximately $7 million 
in revenue relative to the planned fuel 
cycle. The prevention of debris-induced 
failures also will prevent the premature 
discharge of a failed fuel bundle and one 
to two control blades used for suppres-
sion. The value of these assets including 
their disposal cost is approximately $0.25 
million. Therefore, the implementation of 
the Defender.

Lower Tie Plate to prevent debris-
related fuel failures has a total value of 
$7.25 million in cost avoidance over each 
two-year fuel cycle.

Transferability 
Response

The Defender Debris Filter has been 
successfully implemented at other Exelon 
units (Clinton and Limerick) and other 
Boiling Water Reactors in the Unites 
States and overseas. There have been no 
fuel failures in fuel assemblies with De-
fender Debris Filters.

Contact: James Tusar, Exelon 
Nuclear, 200 Exelon Way, KSA 2-N, 
Kennett Square, PA 19348; telephone: 
(610) 765-5818, fax: (610) 765-5651, 
email: james.tusar@exeloncorp.com. �
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Leading the US Renaissance

By Southern Nuclear Company.

Responses to questions by Newal 
Agnihotri, Editor of Nuclear Plant 
Journal.

The U.S. Department of Energy 
(DOE) has offered Georgia Power 
a conditional commitment for loan 
guarantees for the construction of the 
nation’s fi rst nuclear power plant units 
in more than 30 years, a move designed 
to help spur a renaissance in America’s 
nuclear industry.

The new units will be located at 
the Vogtle Electric Generating Plant 
near Waynesboro, Georgia where two 
nuclear units are already in operation. 
The conditional commitment is for loan 
guarantees that would apply to future 
borrowings related to the construction of 
Vogtle units 3 and 4. 

Units 3 and 4 are expected to begin 
commercial operation in 2016 and 
2017 respectively. Southern Nuclear, a 
subsidiary of Southern Company, will 
oversee the construction as well as operate 
the two new units for Georgia Power and 
the other owners.
1.   What is Southern Nuclear Operating 
Company’s motivation in applying for 
combined operating license for Vogtle, 
Units 3 and 4?

Southern Company needs additional 
baseload generation to support growing 
energy needs. Because nuclear energy 
is clean, safe, reliable and affordable, 
it represents a good value for our 
customers.

2.   What is the electrical power output of 
both sites?

Units 3 and 4 at Plant Vogtle will 
have an electrical output of 1,117 MW 
each. 
3.  Please provide a schedule for the 
completion of the combined operating 
license review.

Based on the NRC’s schedule, we 
anticipate receiving the COL in the 2011 
timeframe.

4.    Who are the vendors responsible for 
design, engineering, procurement and 
construction?

The vendors are Westinghouse and 
Shaw.

5.     EPC Contractors take pride in com-
pleting the construction “under budget” 
and “ahead of schedule.” Please indicate 

(Continued on page 50)
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any specifi c construction highlights that 
will economize the construction cost and 
expedite the schedule.

The standardized design and modular 
construction of the Westinghouse AP1000 
design will help minimize the schedule 
and keep the project on schedule.  

6.    What is the total construction period 
for the unit?

Shaw and Westinghouse began 
mobilizing at the plant and performing 
activities to support construction in April 
2009.  Excavation of the area where the 
new units will be constructed began in 

August 2009. Backfi ll placement for Unit 
3 began in March 2010. We plan for Unit 
3 to be operational in 2016 and Unit 4 in 
2017. 

7. Is Southern Nuclear Operating 
Company utilizing other utilities' 
experience to support the different phases 
of Vogtle Units 3 and 4 licensing, design, 
engineering, construction, procurement 
and operation?

Southern Nuclear works with other 
utilities through the NuStart consortium. 
Vogtle Units 3 and 4 are the reference plant 
for Westinghouse AP1000 technology. 

8.   Please describe the local community 
support to Southern Nuclear Operating 
Company for Vogtle Units 3 and 4. 

We have had a great deal of 
community support particularly in 
conjunction with public meetings to 
support licensing efforts. Local residents, 
elected offi cials and opinion leaders have 
attended public meetings to speak out in 
favor of the plant and have written letters 
of support to the US Nuclear Regulatory 
Commission. 

9.    Please provide Vogtle’s Units 3 and 4 
ownership details.

Plant Vogtle is owned by Georgia 
Power (45.7%), Oglethorpe Power 
Corporation (30%), Municipal Electric 
Authority of Georgia (22.7%) and Dalton 
Utilities (1.6%0.  

Contact: Beth Thomas, Southern 
Nuclear Company, 40 Inverness Center 
Parkway, Birmingham, AL 35242, 
telephone: (205) 992-5395, fax: (205) 
992-5363, email: enweathe@southernco.
com. �
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On schedule for 2013
Westinghouse AP1000

The Westinghouse AP1000TM nuclear power plant is the 
technology of choice for active and emerging new plant  
markets across the globe. 

In China, four new AP1000s are currently under construction 
and they are being built in an on-time and on-budget manner, 
with the first scheduled to come online as planned in 2013.

In the United States, the AP1000 has been selected as the 
technology of choice for more than half of the new plants 
announced, including the only six for which engineering, 
procurement and construction contracts have been signed.

Westinghouse nuclear technology will help provide future 
generations with safe, clean and reliable electricity.

Check us out at www.westinghousenuclear.com

Placement of the containment vessel  
bottom head at Sanmen, Unit 1.
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