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AP 2 Where We Were:

 Browns Ferry Unit 1 was shut down in 1985.
e |n 2002 a decision was made to recover the unit.

 On December 26, 2006 Fuel load was completed on
BFNI1.

e Start up was June 2007.
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e Cobalt-60 is the principle contributor to out-of-core radiation
fields in both boiling and pressurized water reactors. A hard
facing alloy trade name Stellite®, which has high cobalt-59
content, is identified as the primary source of cobalt-60 In
reactors. Cobalt is released through erosion, corrosion,
friction, and through debris left from work on components
containing Stellite®. When cobalt is released in systems with a
flow path to the reactor, it can become activated fo cobalt 60.
Cobalt-60 is a high energy gamma emitter with a 5.3 year half
life. This contaminant plates out in plant piping systems and
produces long term high radiation areas in the plant.

e 1 gram of cobalt-60 is equal to 1,132 Curies of radioactivity
and as a point source (a metal sphere 6 mm in diameter)
emits a radiation field of 1,500 R/hr at 1 meter.




-'“_l,_._»f_ Cobalt in Perspective

Chemistry sampling on BFN operating units indicates 800 gm/yr of
cobalt 59'is being inputted into the reactor via turbine blades,
valves, control rod blade pins and rollers, jet pump components,
and stellite® debris from maintenance activities.

The majority of this is deposited on the fuel and vessel .
components. However, a portion is deposited on associated piping
In the drywell and reactor building.

Based on EPRI research, 70% of the dose accrued on BFN
Igg)(e(r)%rtmg units Is due to cobalt-60. This is equal to 330 man-rem for

For each gram of cobalt introduced into the reactor, $10_OOQ/r of
depleted zmcéDZO) Injection into the feed water is required to
suppress the deposition on plant piping systems.

Less than 1/10th of a gram of cobalt-60 is removed during chemical
decon of the drywell recirculation piping at a cost of $2 million.




G =& \Vhat We Did:

74 valves contajning stellite® will be replaced with non-stellite®
materla?. 20 ott?he_v%lvefa WereVY en_ﬁfleﬁ W(I;ﬁ‘hhv%/P | Bacteby the
team and 48 were identified by Design after the level B PER:

22 of the 74 valves have noYv been installed. The team is now
monitoring to ensure completion.

All Control Rod Blades on BFN 1 will be replaced with.“cobalt

free” 1.e., <0.5% versions. The team W?%a e to neqotiate with the

vendor to reduce the cobalt content of .blade material frPrH <0.05%
a<dOe.(S)2%. The team continues to monitor production of the

AllI Lbow Pressure Turbines will be replaced. The[)\‘incﬁl stage bg:ld?s
will be flame hardened chrome mola/ ast stage bla esign tead o
%ﬁljl#leecré) The team continues to monitor production of the

\I?eesrr&]‘ce)?/ed 20 guide tubes and vacuumed the bottom head of the
Placedl a mobile demineralizer on the Refueling floor to remove
any additional impurities prior to placing systems in service.



&  What We Did.

The team 1dentified debris fro[n work on cobalt contalmrw .
compoqe ts as a Bjor_cobatcontnbut r. P';:? edures were revised
to Install dams and barriers to ensure cobalt debris containment.
Tools such as vacuums and cameras wereéaurc ased to enhance
cleanup after valve maintenance. New valve la pmg machines were
Purcgas_ed to |mgrove WO erformance %nd educe personnel time
nral latlcfn%rea X- arlx lu res%encg techno og%/ was used to
empirically | eoptlfa/ee_ ental cobalt el%rls eft after clomgonent_

work. Craft and S pe][_vlsmn were briefed on the problems associated
with caobhalt dust and fines. The technique tested d rlng BFEN 3 outage
with initial analysis post outage showi %Iowe solubl ,Cobal}
concentration i theref\c%orc olant s?/s ebm T %tec_m ue of .
smec?r|n%valve|nterngs oreen]gent cobalt debris is n \/%/belngl
used on'units 1, 2, and 3 at BFN for the 18 systems with a flow path
to the reactor vessel.

 Valve technicians were aissigned tg fsa[na/le after component work to
ensure component cleanliness and follow up on failures.

. ﬂlter ePnta and resin. BFN 1 gl ns to ins‘all 10.micron condemin
lter ﬁe ents to Increase cobalt rem . Resin l?elng tested on BFN
2 1S showing promise of increased cobalt removal.



&= \What We Did:

d Design, Maintenance, Planning, Chemistry, and Radiation Protection
procedures have been revised in order to enhance cobalt removal.

1 14 valves and 2 pumps with historical dose problems were processed
by vendor to improve surface finish. Twelve reactor water clean up
valves, 2 RHR valves, and 2 reactor water cleanup pumps were
mechanically polished, electro polished, chromed, and pre-oxidized.
This EPRI approved process provides a long term finish that
minimizes cobalt plate out in valve bodies and seats.

 Reactor water cleanup heat exchangers, Recirculation piping, and
Reactor water cleanup piping mechanically polished, electro
polished, and pre-oxidized. This EPRI approved process will provide
long term finish that minimizes cobalt plate out.

 Ultra-sonically cleaned 92 bundles of fuel for initial Unit 1 Core Load.




. Where the team came up short:

Condenser tubes We{e Installed without requirin cobalt content
certification. Materia V¥)aS tested after arrival an ff)un to be
copalt free l.e., <0.5%, but containe _O.d1_24 % cobalt. Lower
cobalt levels could have been specitied in the contract.

core SRray Testable check valves were installed without electro
R_OHS Nl a%’cfhroq]e’ and ore-o>%|dat|on. These valves have
Istorical dose from work performed. (PER 67558

The team was &mﬁbleto get all valve vendors qualified for
mea:hanlca oJis n?,e ciro-po |sh|n§|,c rome a Pllcaton,
an re-oxi aflon ol stainless steel valves. This allowed some
stainless steel valves that were already contracted to not
receive the process.

Three RHR Kalvesa/vere ordergd with non-ccrbalt matela'al, but
were |later c an% to cob?lt ue to schedule and vendor
krﬁ%bélggggz?rov e cobalt free material in time to meet schedule.

The Cobalt]{eduction Initiative was not initiat%g ﬁt the onset of
rmecgjz1 \e/ery effort. Additional improvements cou ave been



= @ 2 What We Learned:

dPrioritize your objective money vs. Need.
dTime Is needed to get what you want. Vendor delivery

time on valves Is 26 weeks from order at minimum.
dFull buy In is needed. Fifteen people from different

organizations played on the team.

JGL-89-10 valves must have stellite®.
factors will prevent other alloys.

dYou can’t get all you want. Prioritize

the resources to help.

he friction

1Get EPRI,INPO,ISOE etc... on board early. They have
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BFN1 BRAC data
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BFN1 outage dose data
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« AP-1000 and the ABWR can use the applications from
BFN 1 and further improve the processes.

 Operating Plants can choose from a menu of the
applications in order to Improve on-going source term
reduction plans.




@& BFN1 Update

e Questions?
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