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Angra 1
Power: 657 MW,

.- Start of Operation: 1982
‘Westinghouse

ELETRONUCLEAR www.eletronuclear.gov.br

TINTROMAAS TIMBOSHLTARN 5A




Historical Background

1986 - Surry 2 > Catastrophic failure of 18-inch MFW pump suction line
elbow. Four workers died.

May 2, 1989 - US NRC issued Generic Letter 89-08,
“Erosion/Corrosion-Induced Pipe Wall Thinning” requested US licensees to
implement long-term erosion/corrosion monitoring programs to maintain
the structural integrity of all carbon steel systems carrying high-energy
fluids.

ELETRONUCLEAR www.eletronuclear.gov.br




Historical Background

1993 — Start of Angra 1 Wall Thickness Monitoring Program

Tasks:

(1) Selection of piping systems and locations for inspections based on US
experience — EPRI (Electric Power Research Institute)

(2) Evaluation of the results of UT examinations

(3) Calculation of minimum wall thickness required

(4) Replacement of piping pieces with thickness smaller than required

Weak Points:

(a) Lack of program with predictive models

(b) Lack of baseline thickness measurements

(c) Inconsistency of UT measurements — poor grid

(d) Unavailable documentation
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Historical Background

2004 - Mihama 3 - Rupture of a condensate pipe downstream of a flow orifice.
Five workers died.

Material: Carbon Steel

Pressure: 9 bar

Temperature: 146°C

Flow Velocity: 2.1 m/s

Outer diameter: 558.8 mm (22 in)

Original wall thickness: 10.0 mm (0.4 in)

Minimum wall thickness of the ruptured area: 0.4 mm (0.02 in)

Rupture Section Orifice Plate
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Historical Background

2005 — Implementation of Flow Accelerated Program in Angra NPP Units 1&2
- Acquisition of COMSY software by ELETRONUCLEAR
- Angra 1 - Revision of the piping monitoring program
- Angra 2 - Implementation of the program

Improvements:

(a) Implementation of predictive plant model

(b) Evaluation of susceptible systems

(c) Modeling of piping lines to determine critical points

(d) Implementation of full-coverage grid

(e) Implementation of measurement protocols

(f) Implementation of data bank

(g) Determination of trend curves

(h) Elaboration of evaluation report
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Comsy Tools

= Seclion wear disgram 1

“=Wear Rate x Piping Length

COMEY 202

a0

E a1s
E
i FADouda alainail i Ried51 akain Gictal geioriy phanomana ik dsseis  +|
5o A1BRE Wil i B LARSHFAE s 1 & -
i MO Pirechedahibo L 184 [ E
£ oos HA R LARISR . Rz LESSREN M 1 B
T~ _,,'_\_\_J_k-..__________ OB LABMERA- Pipa DISE LM 14 i E
wan R LARMERN . g Dl ML i B
8 e P s = BN LADMEIRM) -Pipn witmacds -LANMERMESH  MPLE 14 [ E
OB LARMER - g (R T im 24
1 2 3 [ L] [
L= = MM LABPGERD - Figs [OEER T 1 [ H
WEE T LARMERAL - Pl [ MELET 1" E: ﬂ
OB Vo Mgl - LAGARG - Pags Bapacid FHT) 1 ]
M =ctonimperatve [ acfionnecsssany I action recommanded Il achion rat necassany L LARSERL. s LA LT o &
e o B P ireche da ks MILH 14 [ ﬂ
e e A, AR ML 1 E: H
WO P iche daiia Wi 14 K B
E— BB LAERNL Vi LSRR M i B Bl
-1 MIcH, = 2 < i v H 0P sl nam 1M [ .|
=, Wear Rate Boundaries 05 / 003 / 06 AN T e e ) MR im 3] H
= = OB AT LABRERS A - Becal p' LABABRSE 8 A 1 B’
Wall Thickness x Time RS0 e ek i a
||:|5 /003 /06 ILCQ—1>< ILCQ1 2ZBRO01 - F biache:datiden MM 1 e
fraee e LB B Pl [ 1 Bk il [ E
T onem  Imml 100 Torig  [mml w T == O Bocl B 60 rachom Bow ikt HELE 15 14 E
S 4 [MNAmm2] 138,67 = [RAmm2] 2080 = [MAmm2] 4an0 material AShANMI 6 3 1 6210 !
ke “‘ B O B L MR MR i [
o B Togss OB A D P Becal LA - PR MR 14 = ﬂ
X i qone A2 8 Baal p LATRRRR - b B i B B
2 Yo ws (009 Bocalp LABAHISI P MM " E
& = Tl =e A e de i M i [ el
= B: Tz: | . 1
% 5 1=t prediction
= 2nd prediction
E =] = T UTreading (s
= & current date
Z ., 1o o I [izpiotr x| [bpFeci | dmgedmh mi |_ || ||_ dm |
L = scale I
L N AN | N A L A | A L S [
year.morﬂho A0000 30000 120000 160000 200000 240000 prirt I
2005 ,DEDIDB 2EI|1 3 2E:1 7 QD|21 2I3|25 ZDIZB 2I3|33 ZDI37 QDIA‘H close I

# ELETRONUCLEAR

TLETROMAAS TIMMOSSCLTAR §A




Inspection Improvements
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ANGRA 1 - Piping Elements — 2006/2009

Inspected Elements Inspected elements by system
System Total
Heater Drains 528
Feedw ater
Feedwater 455 27,9%
Extraction Steam 320
Gland St 304 Heater Drains
an eam
324% Extraction Steam
Main Steam 15 19,6%
Circulate Water 8 Circulate Water Vain Steam \Gbnd Steam
0,5% o
Total 1630 0,9% 18,7%
Replaced Elements Replaced elements by system
System Total
Extraction Steam 30
Heater Drains 12
Gland Steam 5 Extraction Steam
Feedwater 1 63% Heater Drains
0,
Total 48 25%

Feedw ater Gland Steam
2% 10%
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ANGRA 1 - Piping Elements — 2006/2009

Inspected elements Inspected elements by type
Type Total
Elbow 1098 Elbow
Straight Pipe (*) 235
\\Tll 141
Reduction 106
Flow Restrictor 28
Orifice Plate Straight Pipe (*)
Collector 14 0,5% 14,4%
— Colector T
Orifice Plate 8 0,9% Reduction 8,7%
’ 17% 6,5%
Total 1630 ’
|
Replaced Elements Replaced elements by type
Type Total
Elbow 36
Elbow
T 8 75%
Straight Pipe (*)
Reduction 2
Total 48
ll'l'ﬂ
Reduction Straight Pipe (*) 17%
4% 4%
(*) Downstream valves or nozzles
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ANGRA 1 - Piping Elements — 2006/2009

Inspected elements Inspected elements by size
Size Total
Small Pipes
(1/2" - 2") 416
Large Pipes
Large Pipes (21/2” - 36”)
(2 1/2" - 36") 1214 74%
Total 1630
Small Pipes
(12" - 27
26%
Replaced elements Replaced elements by size
Size Total
Small Pipes 8 Large Pipes
(1/2" - 2")
Large Pipes
(2 1/2" - 36") 40
Total 48
Small Pipes
(122 - 2)
17%
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ANGRA 2 - Piping Elements — 2006/2009

Inspected Elements

Type Total
Elbow 319
T 64
Straight Pipe 43
Orifice Plate 32
Reduction 19
Flow Restrictor 6
Total 483
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Inspected elements by type

BElbow
66%

Flow Restrictor
1%
Reduction
4%

Orifice Plate ~ Straight Pipe
7% %%
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ANGRA 2 - Piping Elements — 2006/2009

Inspected Elements

System Total
Feedwater 156
Main Steam 87
Extraction Steam 61
Condensate 93
Preheater Condensate 12
Clean Drains 25
Blowdown 40
Condenser 9

Total 483

Inspected elements by system

Main Steam
Feedw ater 18% Extraction Steam
33% 13%
Condensate
Condenser 19%

2%

Preheater
Blow SOW " Clean Drains -Condensate
8% 5% 2%

(¢ ELETRONUCLEAR

TLETROMAAS TIMMOSSCLTAR §A

www.eletronuclear.gov.b




ANGRA 2 - Piping Elements — 2006/2009

Inspected Elements

Size Total
Small Pipes
(DN50) 2
Large Pipes
(DN8O - DN800) o
Total 483
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Large Pipes
(DN80 - DN800)
89%

Inspected elements by size

Small Pipes
(DN50)
1%




Summary of Results — 2006 <= 2009 |

ANGRA 1

Inspected Systems - CW/EX/FW/GS/HD/MS
Period of application - 5 Outages

1630 piping pieces inspected with 48 replacements

ANGRA 2

Inspected Systems - LAB/LAH/LBA/LBJ/LCA/LCJ/LCM/LCQ/MAG
Period of application - 3 Outages

483 piping pieces inspected with 3 replacements
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Replacements

Heater Drain Line — DN 3”
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Replacements

Steam Extraction Line — DN 16”
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Replacements
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Conclusions

 The internal degradation of piping due to flow accelerated corrosion mechanism
is not visible and can cause severe accidents.

» An effective flow accelerated corrosion program will increase personnel safety,
plant safety and plant availability.

» The continuing occurrence of failures caused by piping wall thinning evidences
that plant programs for FAC monitoring should be maintained and improved as
industry knowledge evolves and more operating and plant data become available.
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Thank you for your attention!
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