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.I BEAVER VALLEY UNIT 1 SGR PROJECT - JOB NO. 24028 + NCR No. 044
- . NONCONFORMANCE REPORT

. . + PAGE 1 OF

3 DRAWNS/ SPECIWCATIONWERND. | A REV. | L SUI DESCARPTION ¢ SATIYRRLATS
NO
SK-E0S-109-5-05.01 1 | Ut EXTERIOR LINER PLATE YesE nNo[
7. TSN LOCATION o SVSTERM NG, & Il TRACE NO. » _l_.
Ut CONSTRUCTION 2
OPENING N/A N/A YESPd NO[]
4. FURCHRARE OFBER D -ﬂ.m,w
N/A BECHTEL
R

W HONCOMFORBANGE COMIVHOR:  ppmiTcAUSECODE: B ace W 0 w0 =0

A) 3 AREAS OF WHAT APFRARS TO BE CORROSION NOTED ON THEE EXTERIOR SURFACE OF THE LINER PLATE.
AREA (1) '8 APPROJIMATELY 2° X 2 LOCATED MEAR THE CERETER OF THE COMSTRICTION OPEMING WITH A
RANESUSE DEFTH OF 318" . AREA (5 18 APPROKIMATELY 1 42 X 2’ LOCATED NEAR THE LOWER RGHT HAND

CORNER OF THE CONSTRUCTION WVITH A MAXEBIRM ORFFTH OF 3/16°. AREA {3 10 APPROJIMATELY ' X
wmwmmmmmmmmmmnmmw

B) SHEAR STUD 8 15-8 WAS REMOVED TO FACIITATE CUTTING OF THIE LISER PLATE PER THE WPIR, A LBIEAR
DICATION WAS OETECTED BY MT AND REMIOVED SY MECHANICAL MEANE. RESULTING AREA WAS MEASURED
AT1%" LX %" WX ¥9" D, THIS ARBA -mrnwmunmnmmmm
ACCEPTABLE. AFPTER SVAFAT

() mmrnm-mmmmmmaﬂmawmn

570&'““-“".%: AIM'“_ MAZNED OVTHEF CXTELIOR Livee PLATE. PE2 Yije

THE (2) LOWER AREAS OF CORROSION WERE NOTED OM FENOC CRS 6801122
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5. FLENENTED BY 18ATE: ) T L. AEDEFECTED BY I DATE




B 1 40

INICATION GODE:__ ROUNDACUNDED INDICATIGN M = NO INDICATION UNEEAR-LINEAR NDACATION

8287

NEMANS

s1ie6

Ses

sz

| _ACG
xx
5208 xx
XX
XK
XX

Skaich/ Comeerts YOKEMODEL_(4, 310 an_ISPR

———

L O.'




9A(=:;E'30F

- 1 1 '

-nmwpg_nibmniu'mm J_IM_QMJ.‘&&LM&LW '
|ows. - Rv-0001GA-ERS- 019002 0 .|ywie |ISSUEDFORUS E

T ST . .

AR T

N

and "8"for 5/8" lieaded shear studs '
which vertical row R s in and
what hosizontsl colpwn Ris . - -
Saamd\nnm

VIEW OUTSH!ELOOKINGINTOCT-T

coPY o - Fnsommm' u-ﬂmmmmw




CONTINUATION

BEAVER VALLEY UNIT 1 SGR PROJECT - JOB NO. 24028

| Acceptance for rigging and handiing cut section of liner plate with corrasion areas / linear Indications

According ‘o Block 14, Parts A and B, three (3) corrosion aress and one (1) inear indication have been idendified during
iniial inspection of the iner plale extarior surface within the plalo area 1o be cut and temporastly removed.

Past A (1): The ideniifiad 2-it x 2-ft area hes sporadic pilting with maximum identified depih of pit aqual to I16™
resuliing in a reducad plate saclion at the center of door sheest. The FEM resulls and aseociaied FEM stress plols
contained in Bachisl Calculalion 24628-C-301 document thet for the intact plats, the minimum facior of safely againel
elastic buckling is 4.49 and the medmum plate siress at any location Is 1059 ksl providing a significant level of margin.
mummmmmnm-mmumumhmmmw

Part A (2): The ideniifiad 1-1/2-t X 2-t ares has sporadic piting with maximum identiled depih of pit equal to 3/16°
resuling in a reduced plale seclion near the lower righi-hand comer of the doorshest. Sincothissva s localed -
oulsido any high stress arves (area bounded by the rigging paints), the overall piate behavior during the removal
process is nol adversely impacied by the localizad reduced plate seciion.

Part A (3 The kleniified 1-it x 8-in area has sparadic piiting with maximum identiied deplh of pit equal o 1/87 resuling
in a reduced plale section in the vicinlly of a lilling lug altachment piale at he top, left-hend side of the door shesl. The
FEM results and associaled FEM sirwes plots contained in Bechiel Calculalion 24628-C-301 document that during the
rigging process, piale siress is concentraled neer the rigging point and is localized. Provided the rigging atiachment
plate is weided 10 sound finer-plate maelerial, he lner pisis and rigging altechmant will behive as svalusind. As the
subject area s localed cutside an erea bounded by the rigging points, buckiing is not & concem. Considering the
reduced iiner plale thickness of 15" for punching shear sres st the rigging altschmant perimeter, 48°)147) =8 sq in,
and the madmusm siing tension of 5.67 kip, fhe punching shear siress in e door shest is 0.95 ki, which is negiighble.

Part B: The identiled linear indicaion was found efler removing a nelson stud inlerference for a PL1.5"x8"8" rigging
ettachment plaie. As noled, the indicalion wes removed by mechenical means end a follow-up MT cxaminalion wes
accaptable. Therefore, concam for cack propagalion is elimineied. The cusrent instalislion localion for the rigging
altachment plaie will cover the kisniified indicalion. Since the indicalion was an axisiing condiion that after mechanical
renxovel hes resuliad in a reduced Iner piste thickness, the erea will requive Arther evelusiion by FENOC and possbly
additionsl repair. Therefors, for the purposs of door sheat removel, the subject rigging sltechment plale shall be moved
vertically by 3-inches (0 losve the indicalion area exposed. The minos localion adhmiment for the rigging altachmant
plate has a negiighhle impact on the evaluslions parformad in Caiculalion 24828-C-301 for global liner plale behavior
and siress. The minknum nar plals thickness nesr the rigging point is 3/10-inch. Considering this reduced liner plale
thickness of 516" for punching sheer area at the rigging allachment perimelar, 4(6”)(GM87) = 7.5 eq In, and he
meaxdmum siing isnsion of 5.87 kip, the punching shear siress in the door shest is 0.7 kel, which is negiighle.

{confinued on Page 5)




BEAVER VALLEY UNIT 1 SOR PROJECT - JOB NO. 24828
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Jomes To Mary Ann Gllooly/FrstEnergy

Romner/lCONTRACTORS/Fin

Enengy cc Glann S R/Fi , Joann R Young/FirstEnergy,
Theadors A 80 _

02122/2006 04:03 PM bec SockecFirstEnergy

Subject Attachments to CRt 06-01122 Hard Malled Today

NCR-044 has been sent %o you today In an inler-office meller. Please scan in as an attachment to CR
06-01122. Note that the NCR scope is larger than the initiat scope of this CR. As the piate exterior |s
prepered for reinstaliation, other diascrepancies and surface imeguiarities may be found. For that reason
I'd like this single CR to represant the investigation into ALL discrepancies on the finer plate exterior, end
ulimately dispositon them all.

Similarty, CR 06-01061 will represent the Investigation into ALL discrepancies on the liner piate interior,
and ultimately dispositon those. Associated NCR-040 has already been sent for scanning, according to
Joann. -
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NDE VT Reports

(7 pages)



FENOQOQC Visual Exam of Equipment and Components (General)

Site/Unit: BV / 1 Procedure: VT-500 / VT-509 Cutage No.: NIA
Summary No.: CA 08-01122-04 Procedure Rev. 11/6 Report No.:. BOP-VT-06-040
Workscope: BOP-1 Work Order No.: Bechtel WPIR Page: 1 of 2
Code: NA Cat./ltem: NA/NA Location: Unit 1 Containment
Drawing No.: MA Description: VT of removed Reinforcing Bars
System ID: Concrete Containment

Component ID: Rebar at Opening

Limitations: Removed rebar - on trailers - only sampling (approx 50%) was inspected.
Resolution: 1/32" Line Surface Condition: AS FOUND
Light Meter Mfg.: NJ/A Serial No.: NiA llumination: NA

Visual Equipment/Aids: FLASHLIGHT, CAMERA

Lo Location: End of Rebar Wao Location: NA
Loc Loc Loc Ind. Size Remarks
L W D RfL DiL
8a" NIA NIA NIA NIA See page 2 for details.
Comments:

See page 2 for image - Rebar strapped to flatbed and covered with plastic - approx 50% of surfaces are visible.

Results: Sat | Unsat [ Info
Percent Of Coverage Obtained > 90%: NiA Reviewed Previous Data; NIA

Examiner Level |y | Signature Date | Reviewer Signature Date
Dugan, Michael ¥ 2125/2006 | NiA

Examiner Level M Signature Date | Site Review Swur Date
NIA Kocher, Terry R. L- 1l \2»«7( NL 212712008

Other Level wja Signature Date | ANII Review USignaliure Vg Date
NIA Dean ookl s e T e |

A 9.730F
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Visual Examination of

Component Supports and Snubbers (VT-3)

Site/Unit: BvY ! 1 Procedure: VT-500 / VT-503 Cutage No.; NIA
Summary No.; CA 06-01122-05 Procedure Rev.: 11721 Report No.: BOP-VT-06-041
Workscope: BOP-1 Work Order No.: Bechtel WPIR Page: 1 of 5§
Code: GEMNERAL INSPECTION Cat./ltem: NAMNA Location: Paint Shop
Drawing No.; MA Description: Areas #1 & 2 prior to paint removal for autoscans
System |D: Containment Liner
Companent |ID: Removed liner Plate
Limitations; None
Light Meter Mfg.: MNIA Serial No.; NIA Hlumination: NIA
Temp. Tool Mig.: Ni& Serial No.: MNIA Surface Temp.: NA RE
Resolution; 1/32" Line Surface Condition: FAINTED
Wisual Equipment/ids: FLASHLIGHT AND CAMERA (DIGITAL)
See See
All Components Sat Unsat N/A Comments  Spring Supports Sat Unsat N/A Comments
1} External Obstruction v 19) Off Scale High v
2) Cracks or Linear Ind. v 20) Off Scale Low v
3) Loose Paris v 21) Locking Device In Place v
4y Missing Parts v 22) Spring Degraded v
) Chistr:To,Woking Pt - 23) Gross Misalignment v
6} Wear v
7} Corrosion/Coating v M ehenicat Snubbers
8) Contaminants E 24) Swing Clearance v
&) Improper Weld Reinfor. v 25) Bent Extension Rod v
10} Physical Deformation v 28) Housing Damage —_— ¥
11} Misuse v Hydraulic Snubbers
12) Slipped Clamps v 27) Reservair Level v
13) Other (Describe) v 28) Leakage v
14) Correct Settings Ve No v N/a 29 Piston Fully Extended v
15) Actual Setting Srm— Nfﬁ\_ . 30y Piston Fully Retracted v
18) Serial No. NIA 31) Reservoir Inverted v
Constant Load Supports 32) Piston Damage v
17) Travel Stops in Place v
18) Housing Damage o

Comments:

See attachements for images and conditions observed. This activity to support the paint removal to enable UT autoscans of

the designated areas.

Results: Sat | Unsat [ Infa v
Percent Of Coverage Obtained = 90%: Yes Reviewed Previous Data; NJA

L
Examiner Level Signature Date | Reviewer Signature Date
Dugan, Michael ) 2/25/2006 | N/A
Examiner Level wNiA - Signatlre Date | Site Review ‘;/ Signature Date
NIA Buck, George L. LIl W84y gjlg;w@ 2/27/2006
Other Level NJA Signature Date |ANII Review (/]  Signature Date
NIA Hpa o lin g A xx/'-*:,-h,ff,;mb-,.f, o =Tk
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NDE UT Reports

(19 pages)
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FENOC Supplemental Report

seTRion ComnaTy

Report No.: BOP-UT-06-026

Page: 2 of @ 2

o
Summary Mo.. Liner Plate Auto 2 gt g
Examiner; Heimel, Timothy C. t—;.'@.{ Level: 1 Reviewar: N/A Date:
Examiner: Dugan, Michael Level: 1N Site Review: Buck, George L. L-lll ,ﬁ/ﬁ Date: 2/27/20086
Other:  N/A Level: N/A ANl Review: Date:
Comments:

A second scan of the most severe rusted area was performed using a .05 x .05 index in both axes to provide clearer definition
of the degraded area. The lowest reported thickness in both scans was 0.151" at the deepest pit that is visible on the exterior
surface.
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Attachment 7

CR 06-01519 — Degraded Reinforcing Bar from SGRP Access Opening

(6 pages)



NOP-LP-2001-01 Beaver Valley

CONDITION REPORT OR Number

TITLE: DEGRADED REINFORCING BAR FROM SGRP ACCESS OPENING
DISCOVERY DATI E | EVENT DATE 1 YSTEM/ / ‘
2/25/2006 1630 NiA N/A a7 BV-1-RCBX

1 i
EQUIPMENT DESCRIPTION Relnfordng Bar from Reactor Containment Exterior Wall

DESCRIPTION OF CONDITION and PROBABLE CAUSE (if known) Summarize any attachments. Identify what, when,
where, why, how.
During a general visual examination of reinforcing bars removed from the temporary containment
opening a single bar was found to have damage and/or pitting. The general visual inspection of
the reinforcing bars was to look for corrosion or pitting of the observable rebar. The general
inspection was requested as part of the investigation of the comrosion pitting found on the
containment liner plate, see CA 06-01122-04,
A single bar was found to have damage or pitting. The bar was tagged 8-D4B and is a #14 size
rebar. The tag identifies the bar as a diagonal rebar from the eighth layer of reinforcing. This
reinforcing layer is the closest to the outside surface of the concrete.
All removed reinforcing steel will be visually inspected by Bechtel as part of the SGRP prior to
preparation of the bars for reinstallation in the wall. The applicable criteria is in Bechtel
specification 24928-C-304(Q). The reinforcing bar defect will be dispositioned, repair, replace or
accept as-s, at that ime.

Z0—=P>Z2-0—-200

The following information was copied from CA 06-01122-04:

A general Visual Inspection of the reinforcing bars that were removed from the temporary
containment opening was performed by a VT Level |l on February 25, 2006. The removed bars
are being stored on flatbed trailers under plastic in the PAF parking lot. Due to the storage
conditions and physical size of the rebar, the visual examination encompassed approximately 50%
of the surface areas of the bars.

Of the exposed rebar surfaces examined, only one rebar showed appreciable pitting - Rebar #8-
D4B had one area of corrosion and pitting 89 inches from the end of the rebar to the centerline of
the pitted area. The pitted area is approximately ¢ inches long x 1-1/2" wide. A photograph of the
condition is attached to NDE report BOP-VT-06-040.

The examination was documented on Visual Examination Report BOP-VT-06-040. A scanned
color copy of the completed report has been placed in the following location:
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REPORT ISSUED TO:
B. SIKORSKI | D. WEAKLAND |

SAMPLE DESCRIPTION: Two (2) sample pieces of steel removed from the containment shell liner and
assorted sample pieces of the associated concrete shell from Beaver Valley #1 Unit were forwarded for
evaluation of external (OD, concrete side) corrosion distress of the steel liner seen visually during
disassembly work in the 1R17 Outage, see Figures 1-3.

The steel liner sample pieces had been pre-labeled “A” and “B” and were marked with a grid pattern, as-

received, designations that were retained strictly for tracking purposes in the Lab. The concrete samples,
seen in Figure 4, were labeled #1 (“Large”) and #2 (“Small”). The #1 sample (bag label only partly legible)
was identified from “against the liner”; the #2 sample was from ~12" outside of the inner rebar layer.

NOTE: Plant personnel later confirmed that the steel liner sample marked “A” corresponds to Area 1; the
sample marked “B” to the Area 2, in the Plant images provided.

SUMMARY: External “rust” corrosion of undetermined activity or vintage is confirmed on the steel liner.
The “rust” corrosion is attributed to oxidation of the plain or mild steel, where oxygen and water would be
required simultaneously; chlorides (Cl) could aggravate the corrosion if also present at the same time.

ATTRIBUTE #SAMPLES DESCRIPTION
TotAL  FounD
LINER OD SuURFACE CoOLD-WORK 15 3 TRACES SEEN IN “B” Q10-#1 AND “B” Q10-#4 AND WELD AREA
LINER OD SURFACE PITs 15 5 SOME WITH UNDERCUT AND END-GRAIN IN WORST AREAS
LINER OD CoORROSION PrRODUCT 15 15 “DEPOSIT/ SCALE” RESIDUES REMAINED ON ALL SAMPLES EXAMINED
LINER ID SURFACE PITS 15 0 NONE IDENTIFIED AS SUCH
LINER ID SURFACE CoLD-WORK 15 15 ABUNDANT, ATTRIBUTED TO SURFACE CLEANING PROCESSES

LINER MICROSTRUCTURE 15 15 FERRITE-PEARLITE AND STRINGERS, AS-ROLLED

LINER CORROSION PRODUCTS IN-SITU 7 NA UPT02.3% CA, 1.8% S1,0.7% S; CL NOT DETECTED

LINER COMPOSITION 3 NA NOMINALLY 0.19% C, 0.76% MN, SI KILLED STEEL

LINER HARDNESS 3 NA RANGE 71.3-76.5 HRB

LINER TYPICAL WALL THICKNESS 15 NA ~3/8" (0.375") NOMINAL; ~25/64" (0.390") MAXIMUM MEASURED
15

LINER MINIMUM WALL THICKNESS NA ~5/32" (0.156") LOCATED AT APIT IN “B” Q10-#5

STUuD WELD 1 1 FULL CONTACT FUSION

LINER WELD 1 1 CLEAN AND SOUND, MULTI-PASS FROM BOTH SIDES

SEM-EDS ANALYSIS As-RECEIVED WASHED IN DE-IONIZED WATER
BuLK LINER OD SURFACE, CALCIUM 3 3 UP 1O 26.4% UP 10 5.9% IN BROWN SURFACE
BuLK LINER OD SURFACE, SILICON 3 3 UrT103.7% UpP 1O 1.4% IN BROWN SURFACE
BuLK LINER OD SURFACE, SULFUR 3 3 UpPT0 2.9% 0.2 % IN BROWN SURFACE

BuLK LINER OD SURFACE, CHLORINE 3 2 Ur 10 0.3% NoOT DETECTED

CONCRETE CALCIUM 3 3 20.2-38.5%

CONCRETE SILICON 3 3 13.6-33.8%

CONCRETE SULFUR 3 3 0.3-0.4%

CONCRETE NEXT TO LINER, 3 1 0.1% FounD BY EDS, PH 10.62, CL NoT DETECTED BY IC
CONCRETE AWAY FROM LINER 1 1 10.67 PH, 0.56 PPM CL BY ION CHROMATOGRAPHY (IC)
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BACKGROUND: Plant personnel reported that the liner distress was seen when the liner plate was
exposed by the removal of the concrete containment building shell to facilitate 1R17 Outage Work. Site
Engineering identified the containment liner as a steel vapor barrier attached by “Nelson-Studs” to the
reinforced concrete shell. The concrete was removed by high-pressure water-blasting. Filtered river
water was used for the “hydro-demolition.” No test results for chlorides on the water used during this
work were reported, and chloride content of river water is not normally measured at the Plant. A filtered
river water sample was taken by Plant personnel approximately two weeks after the hydro-demolition for
analysis. The reported results were: 1) pH-7.54, 2), Chloride 50 ppm, and 3) Sulfate 68 ppm.

Plant personnel provided the following data concerning the liner plate and weld materials from material
test reports in the BVPS site fabrication records. The liner plate material was ASTM A516 Grade 60 steel.
The liner manufacturer’'s drawing identifies the welding procedures used to make the welds in the liner.
Vertical welds were done with the shielded metal arc (SMAW) welding process with E-7018 electrodes.”

TESTS PERFORMED: Visual examinations, chemical analysis via vacuum spectrometry, standardless
SEM-EDS, hardness, microstructures, and pH and ion chromatography in the Beta Water Lab.

TEST RESULTS: Concrete, visual examinations found the heterogeneous sample pieces seen in Figures
5 and 6. The smaller sample was more irregular, reportedly having been recovered from ~12” from the
inner rebar layer. The larger sample was removed by site engineering personnel. One surface of this
piece was identified by Plant personnel as being in contact with the OD of the steel liner plate, and the
opposite end was in contact with the first layer of reinforcing bar. The “flat” surface of this larger piece,
reported to have been against the liner at the time of removal, was relatively smooth, except for spherical
appearing voids. The estimated void size was approximately 1/16"-1/8” @, see Figure 7.

It should be noted that, reportedly, the larger concrete sample had to be foam-cleaned to allow its release
from the Plant. Site personnel contacted the manufacturer of the “Syntech Touch-it-up Aerosol,” the
cleaning agent used, regarding the chemical contents of the product. The manufacturer provided a typical
analysis that reported a “Total Halogens 38 ppm, as CI” and “Total Sulfur 2 ppm. The MSDS form for the
cleaner listed its chemical constituents as 2 butoxy ethanol; sodium metasilicate; octylphenol
polyethoxylate; trisodium phosphate, and hydrocarbon propellant.)

Studs, visual examinations found “headed-studs”, approximately 5/8"@ X 6%." long, had been stud-welded
to the external (OD) surfaces of the containment liner; all appeared to be in good condition. One stud (1)
had been removed from the sample “B” section prior to receipt at Beta. Other stud-welded pieces of
round steel bar-stock, approximately 3/8"@ X 12" long, were noted.

Steel Liner, sample grid patterns that were marked in white (as-received) on the OD were numbered as
Quadrants (“Q"); #1-12 for sample “A” and #1-16 for sample “B”, strictly for tracking purposes in the Lab.
Visual examinations, see Figures 8 and 9, found that the external (OD, toward the concrete) surface

conditions varied from locally rough and irregular with obvious pits to smooth and apparently unaffected.

The sample “B” section also contained a vertical weld joining two (2) sections of the liner; the corrosion of
the external surfaces extended across (and included) this weld. Chemical analysis of a sample piece of

each steel liner section, one (1) from “A” and two (2) from two (2) from “B” (one on each side of the weld),
found similar compositions, nominally 0.19% C, 0.76% Mn and 0.26% Si, see Table 2 for all of the results.

Hardness tests of sample pieces from each of the three (3) steel liner sections included found similar
values in the range of 71.3-76.5 HRB, see Table 3 for comparisons.

Sample “A” was sectioned to extract selected areas (Quadrant #11) for additional study, see Figures 10
and 11. Sample “B” was sectioned to extract selected areas (mainly Quadrant #10) for additional study,
see Figures 12 and 13.
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TEST RESULTS (continued): Steel Liner, several metallographic sections were prepared for
examination from each sample, see Figures 14-17. These metallographic sections revealed that the
visible pits in the liner were up to ~7/32” (0.218”) deep; nearby intact areas contained remaining walls
~3/8” (0.375") thick. Corrosion, general, open pits and undercut pits, was evident on the external (OD,
concrete side) surfaces in the metallographic sections from affected areas, see Figures 18-20.

Traces of cold-work distortion of the external (OD, concrete side) surfaces were seen in metallographic
sections from sample “B”, from areas that were both unaffected and affected by the corrosion, see typical
appearances in Figure 21. The base microstructures through-out the steel liner metallographic sections
examined consisted of ferrite-pearlite aggregates with stringer inclusions, which were considered
indicative of the as-rolled (hot) condition, typical is seen in Figure 22.

All metallographic sections examined contained abundant cold-work distortion of the internal (ID, Plant
side) surfaces, see a typical example in Figure 23, attributed to cleaning processes applied before the
samples were received at Beta. A metallographic section through the sample “B” liner-weld found a sound
multi-pass weld, made from both sides, see Figure 24.

A metallographic section taken through the sample “B” stud-weld found the features seen in Figure 25,
including the coarse-grained fusion zone and flash typical of a stud-weld. Small (~1/64") crack-line
features were seen in the stud material at the flash; a small (<1/64") fusion line pore or void was also
noted, see Figure 26. The stud metal microstructure consisted of ferrite-pearlite aggregates with stringer
inclusions, see Figure 27.

SEM-EDS, standardless chemical analysis via SEM-EDS was performed of selected areas of samples of
the steel liner and the concrete samples, complete results are contained in Tables 4-6.

Liner, suspected residues of in-situ corrosion products were seen in the bottom of a pit in at least one
metallographic section from each of the liner samples, see Figures 28-30 for an undercut pit and 31-34
for an open pit, in samples “A” and “B”, respectively, for the appearances, and Table 4 for the results.

The material in the pits appeared to be predominantly oxides of iron with films of Al and Ca detected in
the elemental dot-mapping, typical see Figure 33. The Si seen in this map representing the mold material
used to encapsulate the sample. The Al seen may represent the aluminum oxide polishing media.

In-situ analysis of the “as-found” liner OD surface with suspected corrosion product containing areas on
sample “A”-Quadrant #11 (Q11) found the major constituents detected on the smoother, brown, surfaces
were 34.4% O, 31.7% Fe, and 26.4% Ca. Nearby red-orange surfaces were 58.2% Fe, 23.7% O, and
13.4% Ca. The material in a pit in the same area contained 39.3% Fe, 32.1% O and 24.0% Ca. See
Table 5 for the complete results.

Additional metallographic sections were taken from “as-found” surface areas representing smoother
(dark-brown) and corroded (orange-red) for SEM-EDS. The major constituents included, in the dark-
brown “scale” 72.1% Fe, 23.4% O and 2.3% Ca; orange-red surfaces 81.7% Fe, 15.9% O and 1.6% Si,
see Figures 35 and 36, respectively for the appearances and elemental dot-maps.

Cleaning another piece of the same “A”-Q11 liner sample section in de-ionized water and analyzing the
in-situ surfaces found that the brown surface was mainly Fe (64.4%), 26.6% O, and 5.9% Ca. The
adjacent white surfaces were 94.2% Fe, 4.2% O. See Figure 37-39 for the appearances and Table 5 for
the complete results. It was noted that white surfaces flash-rusted to orange-red overnight.
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TEST RESULTS (continued): Concrete, the results of chemical analysis of selected surfaces via
standardless SEM-EDS of the concrete sample pieces are seen in Figures 40-47; although various
species were identified, Cl was not detected in any of the elemental dot-mapping, see Figures 41 and 42
for the #1 (“Large Piece”) sample examined and Figures 45 and 47 for the #2 (“Small Piece”). “Spot”
analyses found 0.1% Cl in the #1 “flat” (“special”) sample that had reportedly been foam-cleaned with
“Syntech Touch-it-up Aerosol” at the Plant to allow its release, among the compositions listed in Table 6.

Beta Water-Lab, samples from (large piece #1 and small piece #2) pieces of the concrete were crushed,
sieved and leached with de-ionized water for pH and ion chromatography analysis, see Attachment #2 for
the Beta Water Lab Report, the pH was 10.63-10.67; the % water soluble was 2.58-2.59% and the
chloride content was none detected in the “large piece #1 flat surface” and 0.56 ppm in “small piece #2".

CONCLUSIONS: External (OD, concrete side) “rust” corrosion of the steel liner, occurring via general
wastage and pitting, was confirmed in the localized areas seen visually. The pits were up to ~7/32” deep,
leaving a minimum wall of ~5/32” in the deepest pit studied. The nominal wall was approximately 3/8”
thick; the thickest remaining wall measured was an estimated 25/64” (0.390").

It was apparent that the liner corrosion in Area 2 must have occurred after the weld was made, since the
visible pattern of surface distress continued from one side to the other and included the weld itself. No
preferential corrosion of the weld or the heat-affected zones (HAZ) was identified.

The liner samples appeared to represent a mild or plain carbon-manganese (C-Mn), silicon (Si) killed (de-
oxidized) steel “as-rolled”, closely resembling A516-90, Grade 60; since this was almost certainly rolled
hot, the surface cold-work distortion seen is probably not from original plate manufacture. The weld in
sample “B” (Area 2) had been made with multiple passes from both sides; the weld metal was clean an
sound in the section examined. It appears that lower carbon, higher manganese and silicon filler metals,
such as E7018, had been used in this welding.

The stud-weld sample section examined contained the flash and heat affected zones considered typical
for the process. Small (<1/64") crack-like indications were seen in the stud sample near the flash. One
small (<1/64") pore or void was seen at or near the fusion line.

The Water Lab concrete analyses found trace amounts of water-soluble chlorides, 0.56 parts per million
(ppm), in the small piece (#2) away from the liner, the water extracted “leachate” tested had a pH 10.63-
10.67, see Attachment #2 for the particular details of this work.

All of the surviving sample remains will be retained for a minimum of ninety days (90 days) for possible
review or consultation, after which they will be discarded, unless otherwise requested.

DISCUSSION: Although it can be said with certainty that the simultaneous presence of oxygen and water
are required for the “rusting” of steel, producing hydrated oxides, the exact cause of this condition in this
instance, its vintage or current state of activity, could not be determined with any certainty at this time by
metallurgical analysis alone. Chlorides could aggravate the corrosion if also present at the same time.

Attempts to characterize the surface oxides seen in areas that appeared relatively unaffected, either
semi-quantitatively via SEM-EDS or morphologically, as either “rust”, representing corrosion products, or
mill-scale, appear inconclusive at this time. By definition, mill-scale*, is the “heavy oxide layer formed
during hot fabrication or heat treatment of metals.” Since the original surface conditions of the liner, or
how mill-scale might behave in the in-situ environment over time, are not known, further evaluation here
is precluded by the complexity, lack of data, and time constraints.

* American Society for Metals, “Glossary of Metallurgical Terms and Engineering Tables.” ©1979, p. 48.
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