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Forsmark — Three BWR units

Forsmark 1, op 1980
* Asea Atom BWR 69
« 984/2928 MW,

Forsmark 2, op 1981
* Asea Atom BWR 69
« 1120/3253 MW,

Forsmark 3, op 1985
* Asea Atom BWR 75
« 1190/3300 MW,

Other Swedish units:
e R1-R4, O3
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Annual collective doses

 The annual collective doses to 6000
personnel are at a reasonable

level >000
* No increasing trend

* The dose depends on the work
done and on the state of the
radioactive source term

e Poor source term control makes
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System surface dose rate
contributors

» Surface activity measurements on
reactor and turbine systems show
Co0-60 as the biggest contributor by far,
during outage

» Colder systems have had periods with
Ag-110m as the biggest contributor

» Figure: Shares of surface dose rate
contributions for a shutdown cooling
system pipe at Forsmark 1 (2017)

» The pipe carries hot reactor water from
the reactor pressure vessel mC0-60 Co-58 WMn-54 =Sb-124 & Other

v
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Surface activity measurements

* Nuclide specific gamma

measurement campaign — 5 Wter
every outage —reactorand (" L =
steam systems ? ? 3 | Pt
« Mobile HPGe detector a{er— T [[—l
« Done at all Swedish plants T —— ~J
and Olkiluoto (Finland)

* Long term trends available,
development analyzed oo Coedwater fines

321 Shutdown cooling system
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332 Condensate cleanup system
with precoat filters
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System surface dose rate
contributors

e Surface contamination inside
pipes contributes to the
surface dose rate on the
outside of the pipe

» Figure: Nuclide specific
factors that convert internal
surface contamination to
external surface dose rate for
two types of pipes

* C0-60 and Ag-110m are
among the least wanted
contaminants
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Three units — three Co-60 source
term developments

e Forsmark 1
e |Increased reactor water concentration

_/J‘
» Constant contamination and dose rates for reactor systems \‘:’
 Forsmark 2 —

 Increased reactor water concentration
» Severely increased contamination and dose rates for reactor
systems
* Forsmark 3 /
» Decreased reactor water concentration
» Decreased contamination and dose rates for reactor systems
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Co0-60 In reactor water

* Forsmark 3 has a very good 3,0E+07
development for Co-60 in reactor
water for several reasons 2,56+07

 Forsmark 1 and 2 have increased
significantly and are at record
high levels

2,0E+07 H1

1,5E+07 Vimn'a

Forsmark 1
Forsmark 2
==Forsmark 3

 All units have reasonably stable
cobalt trends for the feed water

 The increases at units 1 and 2
likely have a common cause 0,0E+00

. . . 2000 20‘05 20‘10 20‘15 2020
e Corrosion of activated nickel base Year

alloy in the reactor
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System surface contamination

1,5E+10 T 15,0
e Surface contamination trends g 10810 N wog TS
inside shutdown cooling system 3 s e
plpes (Bq/mz) §5’OE+09 * 5.0 é +f\2_ji0m
» Three very different sets of trends MJ’M{ + Dosr
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Hungry surface at Forsmark 2

Forsmark 2 did a system
decontamination of shutdown
cooling and reactor water
cleanup systems in 2012

Subsequent high uptake of

cobalt on some system surfaces
 The same thing did not happen

after decontaminations at
Forsmark 3 in 2001 and 2011

Figure: Co-58 ratio surface/water %05

for shutdown cooling systems

2,5E+02

2,0E+02

1,5E+02

1,0E+02

58 ratio surface/concentration (m)

5,0E+01 -

Co

2000 2005 2010 2015
Year

VATTENFALL

2020

Forsmark 1
Forsmark 2
—+~Forsmark 3



Conclusions and forward

» High concentration of Co-60 in the < Confirm the additional Co-60
reacor water can transfer to source!

surfaces but does not have to « Evaluate possibilities to reduce

* Hungry surface after decon- spacer corrosion: Fe addition to
tamination in combination with feed water!
high reactor water concentrationis  « Forsmark 1 and 2 have ultra-low Fe
a poor combination in feed-water — possible increase in
« The source of the Co-60 increase nickel base alloy corrosion rate
at units 1 and 2 is likely the » Evaluate the situation carefully
corrosion of the nickel base alloy before the next system
of fuel spacers — contains cobalt decontamination!
impurities
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Time for
guestions
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SUMMARY

A comparison o fthe Co-60 sowrce term dev elmpmemhaﬁb cen done forthe three BWER units at

Forsmark NPP. Inrec ent yearsthe developments o Fthe trends forreactar coolant Co-60 coneer

andreactor system surface ontarmnation o Co-60 havebeen distincuvely different. The Co-6f
the mamz oniributor to syster doseral

srface contammationis of special interest because 1S
during reactol outages.

Tthasbesn chservedthat:

+ High concentration of Co-60nthe reactor coolant doesnotnecessanily leadto imcrea:
surface contarination ofreactor systems.

The initial doseratere ductionafiera de contamination ofreactor systemns may e foll

either contimued reduce! 4 dose rate or elev ated doserate The development’ isthenaff

the Co-60 ¢ oncentraoninthere actor coelant andalsobythe 2 ffimity of the syster:

to pick up comOSon PI ucts. The a ffimity may be affected by theresult of the decor

tamination.
« Highco oncentraions of Co-8
due to comosion @ ¢ activatedmickel base alloyin the

0 and Ca-38 inthereactor coslant of Forsmask 1 3nd2
spacessofthe fsl pundles.

1. BACKGROL}‘D

eactor (BWER) sits 02
20and 1981 wbile it -
co activity measure
the sxface contanination imside selected
gram with 3

The Forsmark maclearpow erplanthasthree similar boilng waterr
design. Units 1 and2 aretwans {hat were takenmte operationm 19
moreecent design takeninte aperationin 1983 Nuchde specific ssfa

done annually durmg1ed ctor outagesto estimate
heat exchangers. The purpose isto mmplemem(he doserateme asrement Pro|

detaiedanalysiso Fselected locations. The measurements showwhich nuchdes that conts
doserate fromthe systems atthe mea: surement points. Also, the relationbetwesTl nuclides
algives can give infomation “nthe stability of the surface xidelayeror how prmea s

antface s to adsorb confaminants original formwas des
keptactiveat Forsm

yeactorvendor A;;auAmmmme 197
cnnunuuusuendmgm this day. An overview andlessons Jeamed presentation that cover:
years  measmementswasheldatthe 2012 1S0F European Symposiumi Pragae (1}

Since 2012 the dev slopment of the UL o termhasvaried with distmet different esbetw
yaits. This paper presentsthemo <t significant &ifferenceswith 3 facus on Co-60 which

g_;xaalasumpacl onsystem dose ates.
2, SOURCE TERM DE\ILOPMI,\T
defmedasthe distribution efra dicactiv

Inthis context, :cqurce tenm” IS
" tions below the general development ofthe Co-60 source {ermsince

Jity inreactor sy
2000 1s deserib
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