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D. Ashley - Firebar-D material

From: <ahmed.ouaou @exeloncorp.com>
To: <DJA1@nrc.gov>
Date: 10/04/2006 6:25:33 PM
Subject: Firebar-D material
CC: <fred.polaski@exeloncorp.com>, <donald.warfel@exeloncorp.com>; <john.hufnagel@exeloncorp.com>

Donnie:

Attached is part 2 of the GE report on Firebar-D.

<<GE Report on corrosion analysis- Part 2.pdf>>

This e-mail and any of its attachments may contain Exelon
Corporation proprietary information, which is privileged,
confidential, or subject to copyright belonging to the Exelon
Corporation family of Companies.
This e-mail is intended solely for the use of the individual or
entity to which it is addressed. If you are not the intended
recipient of this e-mail, you are hereby notified that any
dissemination, distribution, copying, or action taken in relation
to the contents of and attachments to this e-mail is strictly
prohibited and may be unlawful. If you have received this e-mail
in error, please notify the sender immediately and permanently
delete the original and any copy of this e-mail and any printout.
Thank You.
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TABLE 1

DRYWELL STEEL

SPECIFICATION:

CHEMISTRY:

(TYPICAL)

ASIM: A-212-61T Gr B

FIREBOX FINE GRAIN- NORMALIZED

C - .23

Mn- 1.06

P - .010

S

Si

- .023
re

-. Si

STRENGT:

(TYPICAL)

TS-ILE

YIELD

ELONG

- 75,000 PSI

- 50,000 PSI

- 35%

NOTE: MATERIAL WAS IMPACT TESTED



TABLE 2. GPUN Sand and Firebar-D Leachate Analysis

Analytical
Parameters

Na

K
Ca
Hg
Al
NI
Fe
Cr
mn
Pb
Nil3 (N)
Cl
,NO3
So4
?Q4
F
TOC

Organic Acids
Total Sulfur

B
Conductivity

pH

Firebar-D* Leachate
1 Hr. 60' C

777
784
176

1936
- 0.3'
d 0.3
C 0.3
~'0.3
c O.3

0.6

573
132

2850

N.D.
14

1056
1120

50

Moist
Sand Leachate
Bay 11 Drain

24 Hra, Room Temp
(u25s)

25
25
30
30
10.5

5.0•0.5
0.5
'1.5

10.5

4C25
N.D.
N.D.

39
<5

Hoist
Sand Leachate
Bay 11 Drain
1 H r, 9 0' C

(ujl,)

25
20
25
10
"'1.5
0.5
1.0
O0.5

< 0,5

6.5
1.5

32

N.D.
37

(5

moist
Sand Leachate
'Plug #1 (19C)
1 Hr, 60" C

37
37
47
10
39

' .33
82
4-.33

3.7

< .33

45
e:17

28

N.D.
N.D.

•46.6

Dry

Sand UAachate
Plug 02 (15A)
I Hr, 60' C

(uglg)

47
23

C 23
z23

2.3
C 2.3

8.4
< 2.3
< 2.3
c 2.3

93
6

79
N. D.
N.D.
N.D.

588
8.46 7.43 7 58 7.,02 ,5.99

I



Table 3. Test Data Irpreseod Relative to the Wter: or Leachate - GE

Insulation Day *7

Leachate Scrapings

Leechete
WS6152-86 W3,06153-86

Moist
Truos land Sand Core

Leachate Sample 03

Loachato

W5#6154-06 WSG•260- 6

Moist
Plus46 eand

Core Sample

Leoesbte
WWS02S1-00

l14A

Dry
A•ea 6 Drywel2

Sand Semple Pipe Leak
Loechate Water Sample

W505262-SS W5f6221-06
It A- •

Leached material

Volume of Leoshato

Co-S0
Ca-137

Gross Beta
Gross Alpha

Tritium

p1

(6)
CaRL)

(mC LA)
(MCiI/L)
(mCi IL)
MCui/L)

(mCi /L)

..13.547

35

6.21-07
.98-07
431-07

442-06

8.5

5.6
293

7. 1-07

9.31-07

430-07

9.9

260.5

549

431-07

i. 41-04

7.9

247.5
.45

1.62-07
491li07

43$t07
,441-05

7-.6

23.

22.

151.2

539

a49107

G453-07

7.1

339.5
97

1.61-OS

2..41-06

439-07

5. 5-06

6.5

3. SE-0S

1.78-03

8.01-03

9.6

Conduetivity Cumboslem) 540.

C;
Alkalinity am CeCO (milL)

slierbonote

Carbonate

Nydrozide

Total

Total Organic Carbon (ae/L)

Total Sulfur as 50 (CUSO IL)

170,..

41

I00.

2300.

110.

1i.

130.

99.

44.

44.

45.

.24.

41

41

24.

9.

41

al
0.0

260.

31.

20
230.

go. 660.

Chloride

Fluoride

Nitrogen. nitrate

Nitrogen. Nitrite

Phosphate. Ortho

Sulfate

Potassium

Sodium

HManesium

Iron

Calcium

Boron

Strontium

Aluminum

Lead

Barium

Arsenic

(mi/L)

(msN/L)
(m0/IL)
(CP/L)

(mO/L)

(IIIL)
(maIL)(milL).

(ma/L)

(mS/L)

(maiL)

(maiL)CmelL)

(mej/L)

(mailL)

34.

60.

23.

0.5
5.
0.66

40.1

96.

46.

36.

53.

40.02

5.5

o.80

0.041

,0.02

0.042

0.096
0.035

22.

680.

240.

0.6

0.1

0.13
C0.1

750.

680.

220.

3.
40.03

7.8
0.93

0.004

40.03

0.15
40.005
0.05

7.5

2.

0.1

0.4

40.04

0Co. 1
7.4

12.

8.3

1.7

'C0.02

4.9

0.46

0.13

40.02

-0.03

0.0037

40.03

1.4

0.4

0.1

40.05

40.02

-0.1
1.4

7.4

3.5

0.71
0.14

1.7.

0.074

0.02

cO 032

a0.03
40. 003

40.03

2.2

0.5

0.2
40.05

40.04

40.1

1.0

4.8

2.

1.3

a0.02

3.5
40.03

0.076

0.16

40.03
4OO03

40.03

3.0 3.8 12.

16.

9.0

0.4

0.06
40. 04
40.1

.14.

3.

5.7

0.27

1.5
0.24

,0.014

40.02

0.1
0.0042

40.03

19.

56.

20.
0.2

6.3
40.04

40.1
62.

95.
110.

11.

9.1

0.92

6.20-O. 12

40.3

40.03
40.3



Table 4.. Calculation of chars. Balances - GE
(ion Concentrations in Hill)oquivalenta per Liter)

Insulation say #7

Leachato ScrapinsO
Leaehate

WS#8132-66 vS#6153-16

Torus Sand gand Core
Leachate Sample 03

Leachate
eseos-4-SS We"6280-66

I -?#.

Plust4 Sand Lioe a Drywall

Core eampl. Sand Sample PIp* Leak

Leachate
N"824O1-00

lot -

Bicarbonate

Carbonate

Chloride

Fluoride

Nitrate

UltrLto

Sulfate

Boron as borate
Arsenic as arsenate

Sun ot Anions (no/L)

3.4

0.16

0.65

0.026

0.36

0.047

2.0

0-.082

0.0014

6.,

2.2
0.33

6.8

0.032

0.007

0.009

1i
0.086
0.0020

25.

0.80

0.056
0.0053

0.029

0.15

0.042

1.2

0.46 0.48

Leaebato
VS#6202-O6

1% A-H

0.16

0.25

60.021
0.0002

Water Sample
1S 36221-85

0.023 0.014
0.0053 0.011

5.2
0.42

0.56

0.011

0.45

1.3-.

0.085

6.0

0.020

0.0060

0.52

0.021 0.20

0.02;

0.53 0.77

I.

Potassium as 1+
Sodium am No+
agnoesium as Me++

Iron as Vo++

Calcium as Ca++
ftrontsum em $r4+
Aluminum as Al+-•

Lead an ?tb*

BIrium as Sa++

Sum of Cations (nmeL)

1.2

1.6
4.4

17
0.6

0.25

0.27 0.30
0.0000 0.0021

0.31
0...36
0.14

0.24
0.003

0.0001

0.10
0.15
0.058
0.005

0.065

0.0005

0.12
0.087
0.11

0.17

0.0017
0.018

0.077

0.043

0.47

0.0007

0.075

0.001
0.0001

2.5

4.8

0.801

0.33

0.32

0.o006

0.0004
0.0014

0.0014

7.S .27 1.2 0.49 0.51 0.68 6.9



Table S. Test Data gnpressed eleative to the Sample iWeiabt-GE

Insulation say #7 Torus Send Band Core
8orapings Sample 03

I~.o

Flusf4 Sand
Core Sample

IA
NU63061-00

Area 6
land Semple,

it At-85
UrW6202- 68WS56152-56 W586153-86 WVU6154-85 5504260186

moisture Content

LZAC A3LI CNARACTZRISTZCS:

Alkalisity 0s CaCO (mg/8)
Bicsrbonate

Carbonate

lydrozide
Total

T1tal Organic Carbon (ag/8)

Total Sulfur as 50 1mso4 /5)

Dry 12.62 ý 1.12 2. O6 Dry

Cbloride
Fluoride

*Utzogon. xitrate

sitrooen. Uitrito
Phosphate. Ortho

Sulfate

Potassium
Sodium

Magnesium

Iron
Calcium

Boron

Strontium

Aluminum
Load

Barium

Arsenic

(mg/8)

(mgSl)

(agsO I)

(4/6

(38/I8)

(as/a
(ag/a)

(ma/a)

(ma/a)

(mgai)

4.5
0.31

'0.03
4.7

0.13

3.1

0.01
0.013

0.13

0.017

o0.003

2.5

1.2

0.35

1.4

-0.0008

0.14

0.023
0. 0011

-0. 0006
0.0011

0.0025

0.00092

0.71

'0.05

5.8

0.90

33.

11.

0.027
0.0044

0.00538
'0.005

33.

30.

3.6

0.13

40.002

0.35

0.041

0.0042

'0.002
0.0067

'0.00022
0.0022

0.0053 00052

0.015

0.0042

0.00021

0.00084

%0.0001

'0.002

0.016

0.025

0.017

0.0036

'0.00004

0.01
0.00037

0.00027

'0.00004
'0.00006

0.00001

'0.00005

i.0063

0'.0021
0.00026

'0.0002

'0.0001
40.0003

0.0036

0.019

0.0031

0.0016

0.00036

0.0044

0.00019

0.00005

'0.0003
-0.00006

-0.0000 1

'0.00006

0.093
140.002

40.002
0.003

0.06

'0,.003

0•057

.10.086

0.008
40.004

0.006"

0.014

0.0076

0.0018

0.00071

'0.003
'0.O0002
40.0004

0.0036

0.017

0.0071

0.0046

'0.00007
0.012

o0.00011

0. 00027

0.00057

'0.00011
'0.00001

40.00011

0.026
-0.003

40.003

0.026

0.034

0.046

0.026

0.00011
0.00017

40.0001

-0. 0003
0.04

0.008S

0.0029

0.016

0.00077

0.0043
0.00069

O. 00 00'

40.00008

0.00029

0.00001

'0.0009



Table 6. DRYWELL BAY 11 DRAIN WATER (GPUN)

BAY 11 DRAIN WATER
12/1/86
(ppm)

BAY 11 DRAIN WATER
12/6/86
(ppm)

Sodium
Potassium
Calcium
Magnesium
Aluminum
Nickel
Iron
Chromium
Manganese,
Lead
N•3 (N)

Chloride
Nitrate
Sulfate
Phosphate
Fluoride

TOC
Organic Acid

Total Sulfur as SO4

Conductivity (uS/cm)

pH

* Alkalinity

(

<

145
142
7.5

30
0.33
0.01
0.01
0.01
.0.01
0.06
3.6

a

96
.85
6.4

11
0.02

< 0.02

0.74
< 0.02
0.02

< 0.02

25
6

60
ND

32.5
8.7
153

5
< 1

51
< 0.1

23.3

153

1100 814

8.90 8.70

260

* All Alkalinity Present As HCO3



Table 7. OYSTER CREEK DEPOSIT SAMPLES (1) (GPUN)

144036

1"037

1"4038

Deposit - Scrapings from Bay No. 7 between torus and dryvell
(Oyster Creek No. WS-6153-86)

Deposit - Scrapings from in back of No. 11 expansion joint found
in Bay No. 11 between torus and dryvell (0. C. No. WS-6280-86)

Deposit - Scrapings from under downcomer found in bay No. 11
between torus and dryvell (Oyster Creek No. US-6281-86)

Aluminum (A1 2 03 )

Boron (1203)

Calcium (Ca0)

Chromium (Cr 20 3 )

Copper (CuO),

Iron (Fe 20 3 )

Lead (PbO)

magnesium (MgO)

Manganese (OnO)

Nickel (NiO)

Potassium (K2 0)

Sodium (Na20)

Total Yields

1"036

0.091

0.35

0.21

0.006

0.013

78.51

0.55

0.27

0.33

0.013

1.58

1.15

83.072

1"4037

0.232

0.35

2.07

00.004

0.038

69.93

0.51

2.12

0.25

0.025

0.12

0.11

75.76Z

1"038

0.381

0.32

1.39

0.045

0,088

65.35

8.72

4.78

0.48

0.044

0.16

0.19

81.961

* The remainder of the deposit was verified by EDAX to be silicon which is
not soluble in hydrochloric acid. The chloride detected by EDAX is due to
solvent.

(1) Samples taken between 12/1/86 and 12/6/86.



Table 8. EDAX Elemental Analysis of "Deposit" from Day 7-- GE

Element

Na

Si

S

Cl

K

Ca

Mn

Fe

Br

Pb

Detected Range (Wt.%)

0.00

0.00

0.00

0.40

0.76

0.00

0.00

41.37

0.00

0.00

2.09

0.66

11.65

6.74

21.24

1.30

0.93

96.82

4.38

34.39

Average (Wt.%)

0.61

0.15

4.15

2.11

8.00

0.20 ..

0.25

73.49

0.72

10.27



Table 9. UT Characterization of Damage by Bay Number

BayN. UT Characterization

1 Minor damage

3 Minor damage

5 Pitting/inclusion

7 Minor damage

9 Pitting/inclusions

11 Wastage

13 Wastage

15 Pitting/helutiont

17 Wastage

19 Wastage



Table10. Core Sample Locations

Sample
No.

1

2

3

4

5

6

7

Bay/
Location

19C

1l5A

TM~

Wastage

Pit/Incl

17D Wastage

19A Wastage

1l1A Wastage

llA-H Minor damage

19A Minor damage

Elevation

11'-3 5/8"

11'-5 1/4"

11'-3 3/4"

11'-3 3/8"

11'-3"

12'-2 3/4"

12'-i"

Samples Obtained

Core, sand,
bacteriological*

Core sand,'
bacteriological

Core,-sand

Core, sand
bacteriological

Core, sand

Core, sand
bacteriological

Core,, sand

Organization

GPUN

GPUN

GE

GE

GPUN-Archive

GE

GPUN-Archivei

Baceriological analysis performed at York College



TABLE 11. ENERGY DISPERSION ANALYSES
FROM THE SURFACE OF THE

PLUG SAIMLES (GPUN)

ELEMENTAL COMPOSIT-ION
MAJOR MINORSAMPLE

15A

19C

Fe

Fe

Pb

Cl

TRACE

AISi,Ca,Mn

AI,SI,Mn

* MAJOR

MINOR

TRACE

> 10 Wt.%

> I wt. %

< wt. %

ELEMENTS BELOW ATOMIC NUMBER OF 11
ARE NOT DETECTABLE.



TABLE 12. ENERGY DISPERSION ANALYSIS
OF THE SAND SAMPLE FROM THE

15A SAMPLE LOCATION (GPUN)

ELEMENTAL COMPOSITION *

MAJOR

MINOR

TRACE

* MAJOR

MINOR

Si

AI Fe

Cl,KPb,Ti

>. 10 wt. z

lwt.z

TRACE 1 wt. %



TABLE 13. ENERGY DISPERSION ANALYSIS
OF THE FLAKE DEPOSIT FROM

THE 19C PLUG SAMPLE (GPUN)

ELEMENTAL COMPOSITION 0

MAJOR

MINOR

TRACE

Fe

Si,.Cl

pH DETERMINED
BY LITMUS PAPER

4

SMAJOR

MINOR

*~10 Wt. %

*~1 wt. %

1 lwt. %
a

TRACE



Table 14. Oyster Creek Core Plug Corrosion Surfaces - GE

Element
Conc. Range

Core Plug
17D

Core Plug
19A

Core Plug
IIA-H

Al

Si

S

Cl

K

Ca

Mn

Fe

Pb

Br

Cu

Ti

Cr

m

0.17-0.20

3.71-4.92

'1.36-1.93

92.73-94.60

0.00-0.35

0.04-0.07

0.08-0.09

0.34-1.25

0.00-0.03

1.87-2.48

96.07-97.45

0.00-0.16

0..00-0.04

1 .42-2.45

9.83-11.31

4.39,5.37

0..00-0.16

0.14-0.68

0.00-0.11

21.72-28.87

52.61-519.77

1.17-1.37

0.03-0.07

0.06-0.16



Table 15. Oyster Creek Core Plug Cross-Section Analysis -,GE

Typical Concentration ýWt.Z)

Element Plug 17D* Plug 19A Plug IlA-H

Al

Si

S

Cl

K

Ca

FM

Fe

Pb

Br

Cu

Ti

Cr

0.08

0.23

3.45

0.02

"0.02

1.63

94.40

0.08

0.30

16.40

2.570.14

1.24

98.37

0.01

0.66

79.56

0.16

0.27

0.05

0.02

0.04

0.09

0.07

0.18

Xerge of (2) values



Table 16. Oyster Creek Plug Crust Samples (Wt.Z) - GE

Elemental
Conc. Range Plug 17D Plug 19A

Al

Si

S

cl

K

Ca

Mn

Fe

Pb

B .r

Cu

TI

0.00-0.63

0.02-0.38

0.00-0.09

0.00-0.11

1.54-10.92

88.32-98.26

0.00-0.23

0. 00-J. 03

3.81-30.34

0. 07-1.72

0.33-1.93

0.00-0.65

0.00-0.66

0.00-1.50

64.69-93.36

0.00-0.52

0.00-2.98



Table 17. Elements. Present in Seawater 9

.Anions, ppm, Cations, ppm

Cl

so 4

Br

F
I

Inorg. C

Org. C

N(NO3 )

N(NO2 )

N(NH3 )

Org. N

P(PO4 )

Org. P

18980

2652
•65

1.4

0.05

28

1.2-3.0

O0O01-0.7

0.001-0.05

0.005-0.05

0.03-0.2

0.001-0.10

0-0.016

Na

Mg

Ca

K

Sr

si02

B

H3 BO3

Si

Al

Rb

Li

Ba

As

Fe

Zn

Cu

•10561

1272.

-400

'380

13

0.01-7.0

4.6

26

0.02-4.0

0.6-1.5

0.2
0.1

0.05

0.003-0.;024

0.002-0.02

0.005ý0.014

0.001-0.09



Table 18. Summary of Core Plug Thickness Measurements

Pre-Removal
Average

Sample Thickness, in

19C 0.815

15A (0.490 min)
1.17

17D 0.840

19A 0.830

11A 0.860

11A-H 1.17

19A 1.14

Post-Removal
Average

Thickness, in

0.825

1.17

0.860

0.847

0.885

1.19 center

1.18 center

Coment a

Wastage, thick corrosion product

Inclusions, superficial corrosion

Wastage, thick corrosion product

Wastage, thick corrosion product

Wastage - Archive specimen

Above wastage, no significant
corrosion

Above wastage, no significant
corrosion

-1



TABLE 19. CORROSION RATES OF CARBON STEEL UNDER
STATIC-AIR SATURATED CONDITIONS 1 2 -15

WATER
TYPE

DISTILLED +

NAOH/HCL

TEMP
"C(OF)
40(104)

EXPOSURE
PH PERIOD,DAYS
4.5-8

4.1-9.5 -

CORROSION
RATEMPY
23.8

22(72) 16.6

PARTIAL DEMIN
(0,I/3,6uS/cm)

52(125) '62
145

2.1
5.6

REF
UHLIG/

WHITMAN
UHLIG/
WHITMAN

BRUSH
BRUSH

SPELLER
SPELLER

MERCER
MERCER
MERCER

KHOMITCH
KHOMITCH
KHOMITCH

NA
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Figure 1. Oyster Creek Mark I Containment
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Figure 2. Location of Bays in Oyster Creek Torus and Drywell.
X=Sites of water on Torus floor.



Figure 3. Primary Containment Geometry of Oyster Creek
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FIGURE 10. CROSS-SECTION VIEWS OF DRYWELL
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FIGURE 12. OYSTER CREEK DRYWELL PLUS 2 (15A)
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Figure .13. Plug 15Aoutside surface of drywell.
Uniform red brown corrosion product.
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Figure 14. Plug AUAAluminide stringer at mid-vall.
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FIGURE 20. PLUG l9C
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FIGURE 35, CORROSION PRODUCTS OF IRON/STEEL WITHOUT CONTAMINANTS
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Figure 36. Increase in instantaneous corrosion rate of ir n in
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FIGURE 38. POSSIBLE CORROSION
MECHANISM OF OYSTER
CREEK DRYWELL
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