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Dear Mr. Shalev and Ms. Kwan:

SUBJECT: ADMINISTRATIVE ORDER ON CONSENT (AOC) STATEMENT OF WORK (SOW) SECTION 5
CORROSION AND METAL FATIGUE PRACTICES, DESTRUCTIVE TESTING RESULTS
REPORT, RED HILL BULK FUEL STORAGE FACILITY (RED HILL), JOINT BASE PEARL
HARBOR-HICKAM, OAHU, HAWAII

Pursuant to the Regulatory Agency’s conditional approval of the Destructive Testing Scope of Work,
AOQC/SOW Section 5.3.3, the attached document serves as the Destructive Testing Results Report. This report
contains an analysis of the corrosion and material properties of the steel tank liner and the condition of the concrete,
as found both by Government personnel and by independent third-party scientists and engineers.

The Navy and DLA submitted the Destructive Testing Scope of Work on 30 May 2017, detailing planned
destructive testing for at least one (1) tank at the facility. The Regulatory Agencies conditionally approved this
scope of work on 7 July 2017 (Reference 2). The Regulatory Agencies revised Condition 1 on 10 August 2017
(Reference 3). The Navy addressed the conditions for approval stated in References 2 and 3 as follows:

1. The Final Red Hill AOC Paragraph 5.2 Corrosion and Metal Fatigue Report dated April 4, 2016 (Reference
1) summarized the non-destructive evaluation (NDE) process for the clean, inspect, and repair (CIR) program at Red
Hill. This includes a basis of the equipment and techniques used; professional codes, standards, and procedures
employed; and equipment calibration and performance validation. The Red Hill Non-Destructive Examination Plan
dated Oct 2017 (Reference 4) further discusses the NDE criteria. The Regulatory Agencies approved this report on
30 June 2016. The current CIR contractor completed the NDE. NAVFAC validated their credentials and
qualifications prior to beginning the NDE.,

2. The Navy, DLA and the Regulatory Agencies agreed upon selected coupon locations at face-to-face
meetings in March of 2018. The Navy documented these locations in the Red Hill Destructive Testing Plan
Supplement dated 1 June 2018 (Reference 5).

3. The Navy provided a detailed plan describing coupon collection and evaluation to the Regulatory Agencies
in the Red Hill Destructive Testing Plan Supplement dated 1 June 2018 (Reference 5).
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4. The Navy submitted the laboratory testing plan to the Regulatory Agencies in the Red Hill Destructive
Testing Plan Supplement dated 1 June 2018 (Reference 5).

5. The Navy reviewed the evaluation of discrepancies between NDE and destructive testing samples with the
Regulatory Agencies during the face-to-face meetings in March of 2019. Section 4.0 of Enclosure 1 describes the
evaluations for each coupon.

6. Section 4.0 of Enclosure | includes a comparison of the NDE and destructive testing results.

7. The Navy included methods for sampling and characterization of exposed concrete in the Red Hill
Destructive Testing Plan Supplement dated | June 2018 (Reference 5).

8. The Navy included the decision criteria for additional destructive testing in the Red Hill Destructive
Testing Plan Supplement dated 1 June 2018 (Reference 5).

9. Section 6.3 of Enclosure 1 discusses additional destructive testing.
10. Section 6.4 of Enclosure | discusses metal fatigue.

11. The Red Hill Destructive Testing Plan Supplement dated [ June 2018 (Reference 5) contains a discussion
on the chain of custody.

If you have any questions, please contact Commander Darrel Frame, the acting Navy Region Hawaii Red Hill
Program Director, at {(808) 312-2652, or email: darrel.e.frame@navy.mil,

Sincerely,

M. R. DELAO

Captain, CEC, U.5. Navy
Regional Engineer

By direction of the
Commander

[

Final Red Hill AOC Para 5.2 Corrosion and Metal Fatigue Practices Report dated April 4, 2016
2. Letter to Mr. Mark Manfredi from Mr. Bob Pallarino and Mr. Steven Chang dated July 7, 2017,
Re: Conditional Approval of Scope of Work for Destructive Testing Dated May 30, 2017
submitted to the Regulatory Agencies Pursuant to Section 5.3.2 of the Red Hill Administrative
Order on Consent

Letter to Mr. Mark Manfredi from Mr. Bob Pallarino and Mr. Steven Chang dated August 10,
2017, Re: Conditional Approval of Scope of Work for Destructive Testing Dated May 30, 2017
submitted to the Regulatory Agencies Pursuant to Section 3.3.2 of the Red Hill Administrative
Order on Consent

4. Red Hill Non-Destructive Examination Plan dated Oct 2017

5. Red Hill Destructive Testing plan Supplement dated | June 2018

Reference:

(W8]

Enclosure:  Red Hill Bulk Fuel Storage Facility Destructive Testing Results Report
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Red Hill Administrative Order on Consent, Attachment A Scope of Work Deliverable

Section: 5.3.3 Destruclive Testing Results Report

In accordance with the Red Hill Administrative Order on Consent, paragraph 9,
DOCUMENT CERTIFICATION

| certify under penalty of law that this document and all attachments were prepared
under my direction or supervision in accordance with a system designed to assure that
qualified personnel properly gather and evaluate the information submitied. Based on
my inquiry of the person or persons who manage the system or those persons directly
responsible for gathering the information, the information submitted is, to the best of my
knowledge and belief, true, accurate, apt) complete. | am aware that there are
significant penalties for submitting falge information including the possibility of fines and

imprisonment for knowing yiolatiop
Signature: W

CAPPMafc Delag, CEC, USN
Regional Engineer, Navy Region Hawaii

Date: 7/ ﬁ/y 1&29
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EXECUTIVE SUMMARY

As identified in Red Hill Bulk Fuel Storage Facility Scope of Work for Destructive Testing
Administrative Order on Consent (AOC) and Statement of Work (SOW) Section 5.3.2, the purpose
of this effort is to verify the findings of the Corrosion and Metal Fatigue Practices Report, using
destructive testing on at least one tank at the Facility.

In 2018, ten coupons were removed from Tank 14, so that a metallurgical and corrosion analysis
of the coupons could be undertaken, with the primary aim of wvalidating non-destructive
examination (NDE) results. The steel coupons, concrete powder samples, and corrosion product
were submitted to a certified third-party laboratory to perform this analysis.

The goals of this effort were to:

e Validate the results of NDE inspection technologies used at Red Hill.

e Characterize the metallurgy of the steel material used in the tank liner.

e Record observations and chemical characteristics of the concrete behind the liner.

e Assess procedures for calculating corrosion rates and recommend improvements as
warranted.

e Evaluate results against current corrosion-mitigation practices and
recommendations.

The on-site and third-party analysis yielded the following results:

Chemical analysis indicated that the steel tank liner was made from steel that generally conformed
to ASTM A36 specification. The yield strength, tensile strength and ductility values are
appropriate for this application as a steel fuel-storage tank.

Coupon 1 was found to have significantly less metal loss than what was identified by the NDE.
Coupon 7 had less metal loss than what was predicted by NDE. Coupons 2, 5, 8, 10, Al and A2
all had measured thicknesses consistent to what was found with the NDE. Coupon 3 destructive
testing showed actionable metal loss whereas the NDE did not identify any in this exact location.
An actionable indication was found adjacent to where Coupon 3 was cut out. During the follow-
on repair process, however, the metal loss at the Coupon 3 location would have been detected.
Coupon 6 showed more metal loss than was predicted by the NDE and was just below the repair
threshold. The destructive testing identified this to be a pit of very small volume. The NDE method
used, Low-Frequency Electromagnetic Technique (LFET), does not always detect metal losses of
very small volume.

On-site testing and laboratory testing of concrete powder samples indicated that the concrete
behind the steel tank liner is in sound condition. No spalling or cracks were detected in the concrete
behind the coupons, and the concrete was found to be in good condition.

There is an ongoing integrity management program to clean, inspect and repair the Red Hill tanks
to be suitable for service for 20-year intervals. The standard of care used to assess integrity of the
tanks is modified from and consistent with API Standard 653, Tank Inspection, Repair, Alteration,
and Reconstruction (Ref 6). The AOC Section 2.2 Tank Inspection, Repair, and Maintenance
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(TIRM) Report contains details about the integrity management program. Improvements to TIRM
procedures are continuously evaluated, and when improvements are identified, they are
implemented.

The TIRM report includes details about how the corrosion rate assessment in the modified API
Standard 653 inspection is performed. The results of the destructive testing validate that the
method is conservative. No changes to the corrosion rate assessment are recommended.

The Navy’s overall assessment of the information obtained through the removal and destructive
testing of the 10 steel coupons from Tank 14 is that sufficient confidence can be placed in the NDE
processes for effectively identifying areas of corrosion within a tank which could result in metal
loss below the minimum threshold before the next inspection interval. Further efforts to obtain
additional data through more destructive testing, in attempts to refine this analysis, do not justify
the added investment in terms of time and funding. However, as mentioned above, the Navy
continually seeks means of improving performance of tank maintenance and repair processes, and
as such is open to further discussions as described in AOC/SOW Section 5.4.

vi

B-160 BWS023582



TABLE OF CONTENTS

Page
1.0 INTRODUCTION ..o 1
1.1 Non-Destructive Examination (NDE)...........c..coooiiiiii e 1
1.2 Coupons for Testing for Non-Destructive Evaluation ...................oocooeieiiinin, 1
13 Coupon SeleCtion PrOCESS .......c.oiiii ittt e 2
2.0 COUPON REMOVAL AND ON-SITE TESTING PROCEDURES .............. 3
2.1 Coupon Removal and On-Site teSting............c.coooiiiiiiiiiio e 6
2.2 Third-Party Laboratory TeSting ........cccooooiiiiiiiiiiie e 8
23 Comparison of Expected Outcomes from NDE with Laboratory Results................. 8
3.0 COUPONEVALUATION ..o e 9
3.1 COUPOIL 1.t et e e esae e enneens 9
32 COUPOTL 2ottt e e ee e seae e ee e e 12
33 COUPOM 3.ttt e e et et e e ss e e esse e esse e e esseeessseeeas 15
34 COUPOT S ettt ettt st em et e ee e eebeente e e e eee e 18
35 COUPOM O .ot et e et s erse e esse e e esneeeesseeens 21
3.6 COUPOM 7 ettt ettt b st ees e e e e e eebeente e e e e nnee 24
3.7 COUPOML ..ottt et et e e e eane e este e ense e e enaeeen 27
3.8 CoUPON 1O ..o ettt 30
3.9 COUPOTL A ..ot sttt et enne e 33
310 COUPOT AZ oottt ettt e e e et et e e eeae e 36
3.11 Metallurgical Characterization of Steel Coupons.............cc.oooviioiiviiiiiiiee e 41
3.12  Characterization of Concrete from Field Test and Powder Samples Analysis.......... 41

4.0 CORRELATION OF NDE EXPECTED OUTCOME WITH DESTRUCTIVE

TESTING DATA AND FIELD OBSERVATIONS ... 43
4.1 COUPOM Lottt et et et ente e e eeee s 44
42 COUPOM 2 ..ottt e s e et e e sste e esse e es e e e esneeessseeens 45
43 COUPOM 3 ettt st eem et ee e eeaeente e e eaee 46
4.4 COUPOTIL S .ottt et erse e esae e enne e e enseeens 49
4.5 COUPOIL O ..ot e este e esne e e esseeeenneens 50
4.6 COUPOTL 7.ttt st esse e erse e es e e e ssseeeesseens 52
4.7 COUPOI .ottt e e et esse e sse e e este e ssseeeesseeessseeens 53
4.8 COUPOI L0 ..o e et et 54
4.9 COUPON AL ..ot ettt 55
410 COUPON A2 oottt et e s 56
5.0  SCIENTIFIC DISCUSSIONS o 59
6.1 Origin of Backside Corrosion on Red Hill Tanks.................cc.oooooiiiiiiii 59
6.2  Absence of Metal FatiGUe .........ccoooiiiiiiii e 60

vii

B-160 BWS023583



B-160

6.0  FINDINGS AND RECOMMENDATIONS ... 61

6.1 Impacts to Current Clean, Inspect, Repair, (CIR) Process. ........c.ccoovevevveeeeinecneennn. 62
6.2  Analysis of Corrosion Rate Calculation and Recommendations for Improvement... 62
6.3 Recommendations for Additional Destructive Testing..............cccooeviveviieiiiieieenn 62
7.0 REFERENCES ... e 63
APPENDICES
Appendix A. Destructive Testing Laboratory Report ..............c.cocooiiiiiiiiiiiiien A-1
Appendix B. On-Site Concrete and Coupon NOES.........cccooooiiiiiiii e B-1
Appendix C.  LiSt Of ACTOMYINS ...ooviiiiiiiiiiiiii ittt et e ee e C-1
LIST OF FIGURES
Figure 2-1 Schematic of Tank 14 Coupon Locations ...............cccoeeiiiiiiiiiiiiniieee 5
Figure 2-2  Flow Chart of On-Site Coupon Removal and Testing Procedures .................. 8
Figure 3-1 Coupon Removal Tank 14 ... 9
Figure 3-2  Cross Section of Coupon 1 at Area of Maximum Wall Loss ... 12
Figure 3-3  Cross Section of Coupon 2 at Area of Maximum Wall Loss ... 15
Figure 3-4  Cross Section of Coupon 3 at Area of Maximum Wall Loss ... 18
Figure 3-5 Cross Section of Coupon 5 at Area of Maximum Wall Loss ... 21
Figure 3-6  Cross Section of Coupon 6 at Area of Maximum Wall Loss ... 24
Figure 3-7 Cross Section of Coupon 7 at Area of Maximum Wall Loss ... 27
Figure 3-8  Cross Section of Coupon 8 at Area of Maximum Wall Loss ..o 30
Figure 3-9  Cross Section of Coupon 10 at Area of Maximum Wall Loss ..........cccoccoee. 33
Figure 3-10 Cross Section of Coupon Al at Area of Maximum Wall Loss...................... 36
Figure 3-11 Cross Section of Coupon A2 at Area of Maximum Wall Loss........................ 49
Figure 4-1 Expected Results from NDE Spreadsheet Data Coupon 1 ............ccocooi 44
Figure 4-2 CT Scan Image from Destructive Testing Lab Report Coupon 1.................... 44
Figure 4-3  Expected Results from NDE Spreadsheet Data Coupon 2 ..o, 45
Figure 4-4 CT Scan Image from Destructive Testing Lab Report Coupon 2.................... 46
Figure 4-5 Expected Results from NDE Spreadsheet Data Coupon 3 ... 46
Figure 4-6 CT Scan Image from Destructive Testing Lab Report Coupon 3..................... 47
Figure 4-7 Location of Coupon 3 Prior to Removal.................ooooiiiiiii 48
Figure 4-8 Location of Coupon 3 after Removal..................cooooiiiii 49
Figure 4-9 Expected Results from NDE Spreadsheet Data Coupon 5 ... 50
Figure 4-10 CT Scan Image from Destructive Testing Lab Report Coupon 5.................... 50
Figure 4-11 Expected Results from NDE Spreadsheet Data Coupon 6 ..o 51
Figure 4-12 CT Scan Image from Destructive Testing Lab Report Coupon 6..................... 51
Figure 4-13 Expected Results from NDE Spreadsheet Data Coupon 7 ...........ccccoooieien. 52
Figure 4-14 CT Scan Image from Destructive Testing Lab Report Coupon 7..................... 53
viii

BWS023584



Figure 4-15 Expected Results from NDE Spreadsheet Data Coupon 8 ..............ccoooeennn 53

Figure 4-16 CT Scan Image from Destructive Testing Lab Report Coupon 8.................... 54
Figure 4-17 Expected Results from NDE Spreadsheet Data Coupon 10 ... 54
Figure 4-18 CT Scan Image from Destructive Testing Lab Report Coupon 10.................. 55
Figure 4-19 Expected Results from NDE Spreadsheet Data Coupon Al ..o 55
Figure 4-20 CT Scan Image from Destructive Testing Lab Report Coupon Al.................. 56
Figure 4-21 Expected Results from NDE Spreadsheet Data Coupon A2 ... 56
Figure 4-22 CT Scan Image from Destructive Testing Lab Report Coupon A2.................. 57
LIST OF TABLES
Table 2-1 Tank 14 Coupon LOCAtIONS ..........ccooiiiiiiioiie e 4
Table 3-1 Coupon 1 On-Site Condition ASSESSMENT ..........ccooiiiiiiiiiiie e 10
Table 3-2 Coupon 2 On-Site Condition ASSESSMENT ..........cccoiviiiiiieeie e 13
Table 3-3 Coupon 3 On-Site Condition ASSESSMENT ..........coiiviiiiiiiie e 16
Table 3-4 Coupon 5 On-Site Condition ASSESSMENT ..........cceiviiieiiieie e 19
Table 3-5 Coupon 6 On-Site Condition ASSESSMENT ..........ccooviiieiiiieee e ee e 22
Table 3-6 Coupon 7 On-Site Condition ASSESSMENT ...........c.oooiiiiieiieiie e 25
Table 3-7 Coupon 8 On-Site Condition ASSESSMENT ..........ccoovirieiiiieie e 28
Table 3-8 Coupon 10 On-Site Condition ASSESSMENt ............ocooovoiiiiiiiiie e 31
Table 3-9 Coupon Al On-Site Condition ASSESSMENT ........c..oooviiiiiiiiiiiii e 34
Table 3-10 Coupon A2 On-Site Condition ASSESSMENt ...........ccooevviiviiiie e 37
Table 3-11 Summary of Concrete Field Testing..........c..ooooioiiiiiiieie e 40
Table 4-1 NDE Expected Outcome Compared to Visual Inspection of Coupons................. 43
1x

B-160 BWS023585



This page intentionally left blank.

B-160 BWS023586



1.0 INTRODUCTION

In response to the fuel release reported by the Navy, the Navy and the Defense Logistics Agency
(DLA) entered into an Administrative Order on Consent (AOC) with federal and state regulators,
respectively the Environmental Protection Agency (EPA) and the State of Hawaii Department of
Health (DOH) to provide for the management and oversight of a release assessment, responses to
releases, and actions to minimize the threat of future releases in connection with the field-
constructed bulk fuel underground storage tanks (USTs), at the Red Hill Bulk Fuel Storage Facility
located near Pearl Harbor, on the island of Oahu in the State of Hawaii.

As identified in Red Hill Bulk Fuel Storage Facility Scope of Work for Destructive Testing as
required by the Administrative Order on Consent (AOC) Statement of Work (SOW) Section 5.3.2,
the purpose of the work performed and deliverables is to verify the findings of the Corrosion and
Metal Fatigue Practices Report through the use of destructive testing on at least one tank at the
Facility.

1.1 Non-Destructive Examination (NDE)

NDE includes a variety of industry methods used to evaluate the condition of fuel storage tanks
and pipelines. Technologies are used to scan steel plate and welds for indications as well as to
quantify the size of indications and amount of metal loss. The intent of AOC/SOW Section 5.3 is
to validate the results of NDE technologies and processes used to scan the Red Hill storage tanks.

1.2 Coupons for Testing for NDE Evaluation

The NDE data were analyzed and validated by the Navy. Expected results, determined from the
NDE inspection, were compared to actual observations and measurements made from the coupons.

The Navy provided EPA and DOH the Tank 14 NDE data spreadsheet documenting the NDE scan
results from the Clean, Inspect and Repair (CIR) contract for Red Hill Tank 14. This spreadsheet
contained LFET scan data that showed location coordinates, minimum thickness identified, and
prove-up thickness measurements. The spreadsheet also identified repairs required. These data
provided the basis for coupon selection. The final EPA- and DOH-approved coupon-selection
locations are shown in Table 1.

It must be noted that the inspection-repair process used by the Navy was incomplete at the time
coupon site selection was made. As part of the inspection process, the contractor scanned 100%
of the tank shell to identify indications of metal loss. The indications were proved-up with a
different technology, phased array ultrasonic testing (PAUT), and locations needing repair were
entered into the spreadsheet. Based on those preliminary data, the tank inspector made
recommendations for repair to the Government. As part of the repair process and as required in
API Standard 653, the contractor further tests for metal loss at the repair sites using ultrasonic
methods. During this phase known as layout, actual dimensions and locations of many of the
repairs changed from the preliminary data in order to ensure the work was compliant with API
standards. At the time the coupon site selection was made, the NDE data spreadsheet was
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preliminary and the layout phase to determine the actual dimensions and locations of repair patch
plates was in progress.

The expected conditions of the backside of the coupons were documented using a sketch showing
indications identified in the Tank 14 NDE data spreadsheet. The sketches also indicated if there
were areas of general corrosion (between 20 and 50 mils) expected. The specified repair for the
indications at the coupon locations as stated in the spreadsheet was also shown on each sketch.
Any other pertinent information was added as a note on each sketch.

Due to the large surface area of the steel tank liner, acquiring sufficient number of samples for
meaningful statistical analysis is infeasible. Therefore, coupons were selected strategically not to
characterize the condition of the tank but to verify the NDE findings in areas throughout the tank.
With input from Regulators and their Subject Matter Experts (SMEs), coupons with isolated
pitting, general corrosion, pitting with general corrosion, and no identified corrosion were selected.
The expected results were compared with the destructive test results to validate the NDE process.
Ten (10) coupons were removed. The size of the coupons was 12 inches by 12 inches and were
selected to include, as much as practicable, multiple indications of backside thinning, back side
pitting, and other actionable flaws. The intent was to obtain sufficient data points for the NDE
validation, while minimizing the number of coupons cut out of the operational tank.

1.3 Coupon Selection Process

Coupon locations were obtained as follows:

e After the LFET inspections, the contractor, under Navy direction, conducted prove-up and
inspection as necessary per normal tank inspection procedures.

e The Navy reviewed the Inspection Results and determined proposed coupon locations in
accordance with the screening criteria.

e The Navy presented complete scan data spreadsheet for Tank 14 and proposed coupon
locations to the regulators for review and comment.

¢ During a face-to-face meeting with EPA and DOH coupon locations were decided upon.
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2.0 COUPON REMOVAL AND ON-SITE TESTING PROCEDURES

The coupon locations are shown in Table 2-1. The overall ID number indicates the coupon
location. For example for Coupon 1’s overall ID 1s 14-UD-A-42-45-107, meaning Tank 14 (14),
Upper Dome (UD), Course A (A), Plate 42 (42), X-coordinate 45 (45), Y-coordinate 107 (107).
X- and Y-coordinates are in inches from the lower-left corner of each steel plate, as viewed from
the inside of the tank. Coupon 6 and Coupon A3 are listed as N/A (Not Applicable) because they
were chosen as controls and have no reported indication locations.

Alternative coupon locations were selected in the event that certain coupons could not be removed
due to proximity to welds, or other tank features that would prelude coupon removal at that
location.

Coupon 4 could not be removed due to its close proximity to a grout nozzle. Removal would have
required sectioning the coupon into small pieces. Therefore, Coupon Al was substituted for
removal.

Coupon 9 could not be removed due to its proximity to a vertical weld. Behind the vertical welds,

there is an embedded angle. Removal would have required cutting the coupon into small pieces.
Therefore, Coupon A2 was substituted for removal.
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Row in

Table 2-1 Tank 14 Coupon Locations

Streening

Prave-up

Actusl

Cantractor . x- X- Minimum
Master | Overall 1D Repair No. RSQ!OH Colrse | Plate Coord Coord Type Measqremeﬂt Measgrement Thickness
Table o (i (in)
14-UD-A- | 14-UD-A-42-
1| 2282 | DA | 14 UDAA UD A 42 | 45 | 107 | BC 0.147 0.112 0.208
14-ER-E3- | 14-ER-E3-
2 | 2802 | "HERES PRI 1 ER E3 12 | 33 40 | BC 0.157 0.150 0.152
14-ER-E3- | 14-ER-E3-
3 | 2003 | M4TERES | THERES ER E3 13 | 018 | 18 | BC 0.033 No prove-up |  0.131
14-ER-E2- | 14-ER-E2-3-
4 | 2059 | THEREZ | 1AEREZS ER E2 3 32 | 232 | BC 0.110 No prove-up | Not used
14-BA-26- | 14-BA-26-
5 | a70s | '¥BA-AeT | 1BAO BA 26 15 | 27 8 | BC 0.047 No prove-up | 0.224
6 | NA N/A N/A BA 24 8 | NA | NA | NA N/A No prove-up | 0.158
14-BA23- | 14-BA-23-7-
7| 3044 | 1IBAE als BA 23 7 38 49 | BC 0.157 0.135 0.164
8 | 4300 | 14BA20- 1\ s Repair) | BA 20 13 | 236 | 43 | BC 0.069 0.200 0.206
13-236-43 : : :
14.BA17- | 14-BA-T7-
o | 4625 | WECIC B BA 17 13 4 41 | BC 0.037 No prove-up | Not used
10 | 6492 142'53'%9' (No Repair) | LD 3 9 24 | 215 | BC 0.198 0.200 0.242
14-BA-23- | 14-BA-23-0- 87- No prove-up.
A1 | 3062 | TEBAE o BA 23 o | 5 l4ss5 | BC 0.134 W ey | 0122
A2 | 5176 | 14BAUI- 1 o Repair) | BA 11 4 | 226 | 50 | BC 0.161 No prove-up | 0.248
4-226-50
A3 | NA N/A N/A BA 3 3 | NA | NA | NA N/A No prove-up | Not used

Note: Coupons 4 and 9 were not used due to anticipated difficulties in removing them, as explained in the text of Section 2.0, so Coupons A1 and
A2 were substituted for them. Coupon A3 was an alternate coupon that was not used.
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Coupon 9: 14-BA-16-13-4-41 (not used)

Figure 2-1 Schematic of Tank 14 Coupon Locations

BWS023591



2.1 Coupon Removal and On-Site Testing

2.1.1 On-Site Coupon Assessment

The following observations were noted on-site immediately after coupon removal.
Identify any deposits, coatings, debris scale or biological materials.

Note any presence of moisture.

Note any smells.

Note any presence of petroleum product between steel and concrete surface.
Provide a sketch of the coupon showing the indications.

Note any presence of corrosion.

Note any isolated pitting or isolated pitting within areas of general corrosion.
Identify color of corrosion products.

2.1.2 On-Site Concrete Assessment

The following procedures were performed to evaluate the concrete containment immediately
upon removal of each coupon.

e Note the condition of the concrete.

e Observe or measure the void space between the concrete and the liner, if any, in the area
surrounding the coupon site. Check to determine if the material behind the coupons taken
is grout or concrete.

e Measure the temperature at the concrete/liner interface. Note the presence of moisture.
Also measure pH of exposed medium (if wet).

Reinforcing steel in concrete is usually in a passive state due to the high alkalinity of the
concrete pore solution. However, the passivity may be lost and the corrosion can occur
on the steel by a decrease of pH due to carbonation.

e Measure the structure-to-electrolyte potential of the steel liner-to-concrete at the coupon
site.

Structure-to-electrolyte potential is an indicator of corrosion activity of steel in concrete.
The following qualitative criteria do not address the corrosion rate, but the guideline for
potential measurements based on structure-to-electrolyte (S/E) potential with respect to
a coppet/copper-sulfate electrode (CSE) is:

More positive than -0.20 volts: Passive

-0.20 to -0.35 volts: Active or passive

More negative than -0.35 volts: Active

e Measure concrete bulk resistivity.

Concrete resistivity measurements give an indication of the moisture content, the
potential for increased chloride content or the presence of other contaminants. These
factors all affect the corrosion potential of steel in contact with the concrete.

2.1.3 Coupon Chain of Custody, Viewing and Shipment to Third-Party Laboratory
e Upon receipt of coupon from the contractor, specimen information and any other notes

were entered into an official logbook or on pre-printed sheets of paper with Table 3
“Characterization of Steel Coupon” and Table 4 “On-site Visual Inspection and Testing
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of Concrete” in the Red Hill AOC SOW Section 5 Destructive Testing Scope of Work.
Coupon collection, labeling and storage was in accordance with ASTM E1188 — 11
“Standard Practice for Collection and Preservation of Information and Physical Items by
a Technical Investigator”.

e Specimens were placed in labeled specimen bag and transported to a staging area and the
specimens were wrapped in clear polyethylene sheeting. Coupons were placed in a
shipping container and transported to a storage location where viewing by regulators and
stakeholders occurred.

e Viewing by regulators and stakeholders occurred on 25 June 2018.

e After the viewing was concluded, specimens were shipped to the third-party laboratory
for analysis.

¢ Chain of custody of the coupons was identified and maintained in the official logbook.

PO Contractor | DXWC Englneers | [ b
Setup Acoess
Lo Caupan

L

Mark Steel
!
TP —O—} Check Measurements
~—@ r—e@
Ok ST —O+ Observation & Prefiminary —O—) Labsa] Coupon _O_), = Package
o Comparison with NDE Sketches wirap ) G-mil poly Coupan
Y Y Fam " Coaspons
weld Insert Chserve Conohw 3 — Provided for
Flate {wizually and smell] iewing
¢ W * A
Recoat Coupon Obtain Pow = Bap Fowider _m n Package
area to Specs Sample - Label Bap Powder
i
o FEDEX Lo » | REcsive
------------------ o 3 >
Laberatory Packageis

O HIRES Caler Photo

. HD Color video
Figure 2-2. Flow Chart of On-Site Coupon Removal and Testing Procedures

A flow chart detailing the processes in cutting the coupons from Tank 14 is displayed in Figure
2-2. Unfortunately, although videos were planned to be taken, the live wireless communication
technology that was planned to be used in taking the videos did not work inside the RHBFSF.
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2.2 Third-Party Laboratory Testing

Laboratory testing on the steel coupons was performed by a third-party National Aerospace and
Defense Contractors Accreditation Program (NADCAP)-accredited materials testing laboratory.

The following tests and analyses were performed:
a. Photograph all sides of the metal specimen.
b. Perform metallurgical and chemical analysis of the coupons to include:

e Chemical analysis of general-corrosion products on each coupon’s back surface, on at
least three points on each coupon using scanning electron microscopy (SEM) with
energy dispersive X-ray analysis (EDXA).

e Chemical analysis of any coatings to determine coating type.

e Complete elemental analysis of the steel to determine American Iron and Steel Institute

(AISI) steel type.

Microscopic examination of surfaces, before and after cleaning,.

Hardness measurements, bulk and cross-sectional.

Tensile testing to establish yield strength, ultimate tensile strength, and ductility.

Chemical analysis of substrate inside pit areas using EDXA.

Chemical analysis of corrosion product inside corrosion pits using X-ray diffraction

(XRD).

c. Measure coupon wall thickness at the three largest pits on each coupon.

d. Perform surface characterization of the exterior and interior surfaces of the steel coupon
using three-dimensional profilometry after the coupon is cleaned.

e. Perform chemical analysis (including pH) of concrete powder samples taken.

f. Determine chloride and sulfate content of concrete powder samples using ion
chromatography.

2.3 Comparison of Expected Outcomes from NDE with Laboratory Results

The expected condition of the backside of the coupons was predicted using sketches, which were
based on the preliminary Tank 14 NDE data spreadsheet. The sketches also noted if there were
areas of general corrosion (between 20 and 50 mils) expected, based on the preliminary
spreadsheet. Other pertinent information was added as a note on each sketch. The sketches for
each coupon location are provided in Section 4 of this report and Reference 3.

After the laboratory submitted its final report, NAVFAC EXWC compared the expected outcomes
identified in this document with the Laboratory’s actual pit-depth and metal loss measurements.
These results were discussed in a technical meeting with Navy, Regulators and SMEs on 12-13
March 2019.

B-160 BWS023594



3.0 COUPON EVALUATION

The Laboratory’s Destructive Testing Report is contained in Appendix A. Field notes showing
sketches of coupons made on-site are contained in Appendix B. Gas test holes were drilled in the
coupons to enable testing for explosive vapors, a requirement for hot work prior to cutting the
coupons.

3.1 Coupon 1

Coupon was located in the upper dome at location 14-UD-A-42-45-107. Backside corrosion was
identified by LFET with a minimum wall thickness of 0.147 inch. Prove-up measurement using
phased array ultrasonic testing (PAUT) indicated a minimum wall thickness of' 0.112 inch.

3.1.1 On-Site Evaluation of Coupon 1

The concrete behind Coupon 1 was sound concrete with no cracks or delaminations. Table 3-1
contains the on-site concrete observations and test results.
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Table 3-1 Coupon 1 On-Site Condition Assessment

6/20/2018: 1400

CONCRETE SAMPLE SPECIFICS

1

Sample ID 1
Sample Location 14-UD-A-42-45-107
Sample Dimensions 12”7 x 127

ON SITE VISUAL EXAMINATION

Observations

KBRS Exterior Units

UoIE Hpace bet.weer? 1/8” Void on left side, no voids in all other areas

concrete and liner (if any)

Biological Materials None

Wet or Dry Dry

Smell None

Temperature 76.9 Degrees F

Surface pH 9t09.5

Structure to Electrolyte -0.252 Volts/CSE

Concrete Resistivity 26.4 Horizontal k-ohm-cm
31.1 Vertical k-ohm-cm

General Condition

Excellent, sound concrete with some discoloration
and no cracks and no delamination

Concrete behind Coupon 1

10
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Coupon 1 Backside

Wed, 20 Jun 2018, 01:33 PM

COUPON SPECIFICS

Coupon ID 1
Coupon Location 14-UD-A-42-45-107 1
Coupon Dimensions 12”7 x 127
Coupon Thickness %" (NDE: minimum 0.147”) Prove-up: minimum 0.112"
Locations of Welds None
ON SITE VISUAL EXAMINATION
Checks . Observations .
Exterior Interior
Deposits, Coatings, Debris Deposits Standard coating with paint
Scale None None
Observed Biological Material None None
Wet or Dry Wet Dry
Smell Damp, burnt Burnt
Presence of petroleum product
between steel and concrete No No
surface
Presence of corrosion Yes No
Isolated pitting No No
Isolated plttlng within areas of No No
general corrosion
Linked pitting thhm areas of No No
general corrosion
Identify color of corrosion - N/A
products
Identify if selected attack at N/A N/A
welds
11

B-160 BWS023597



3.1.2 Destructive Testing Laboratory Evaluation of Coupon 1

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 1 are contained
in Appendix A.

e The thinnest measured location was 207.9 mils (5.28 mm).

¢ Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 83.1%.

e Coupon 1 exhibited backside corrosion as was predicted.

e A cross-section view of Coupon 1 is shown in Figure 3-2.

¥
L1}

-

Figure 3-2 Cross Section of Coupon 1 at Area of Maximum Wall Loss

3.2 Coupon 2

Coupon 2 was located in the extension ring at location 14-ER-E3-12-33-40. Backside corrosion
was identified by LFET with a minimum wall thickness of 0.157 inch. Prove-up measurement
using phased array ultrasonic testing (PAUT) indicated a minimum wall thickness of 0.150 inch.
3.2.1 On-Site Evaluation of Coupon 2

The concrete behind Coupon 2 was sound concrete with no cracks or delaminations. There was a

1/8-inch void between the steel and concrete identified. Table 3-2 contains the on-site concrete
observations and test results.

12
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Table 3-2 Coupon 2 On-Site Condition Assessment

6/19/2018: 0930

CONCRETE SAMPLE SPECIFICS

2

Sample ID 2
Sample Location 14-ER-E3-12-33-40
Sample Dimensions 12”7 x 12"

ON SITE VISUAL EXAMINATION

Observations

Checks Exterior Units
Void space bet.weer? 1/8” void at upper left side. Otherwise no voids.
concrete and liner (if any)
Biological Materials None
Wet or Dry Slightly damp
Smell Musty, no fuel
Temperature 80.0 Degrees F
Surface B 10-11 corroded area
11-12 non-corroded area
Structure to Electrolyte -0.380 Volts/CSE
Concrete Resistivity 19.0 Horizontal k-ohm-cm
17.5 Vertical k-ohm-cm

General Condition

Good sound condition with some minor spalling and
corrosion product. Coupon took some hammering to
remove.

Concrete behind Coupon 2

13
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Coupon 2 backside

Tue, 19 Jun 2018, 10:46 AM

COUPON SPECIFICS

Coupon ID 2
Coupon Location 14-ER-E3-12-33-40
Coupon Dimensions 12”7 x 12"

2

Coupon Thickness

%” (NDE: minimum 0.157")

Prove-up: minimum 0.150”

Locations of Welds

None

ON SITE VISUAL EXAMINATION

Checks

Observations

Exterior Interior
Deposits, Coatings, Debris Lots of deposits and concrete Regular coating
Scale None None
Observed Biological Material None None
Wet or Dry damp Dry
Burnt but less intense than
Smell burnt, musty, muddy A
exterior
Presence of petroleum product
between steel and concrete No No
surface.
Presence of corrosion Yes Yes
Isolated pitting Yes Yes
Isolated pitting withi f
p g within areas o Ves No
general corrosion
Linked pitting withi f
pitting YVI in areas o No No
general corrosion
Identify color of corrosion
Brown, black, gray Brown
products
Identify if selected attack at
¥ N/A N/A
welds
14
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3.2.2 Destructive Testing Laboratory Evaluation of Coupon 2

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 2 are contained
in Appendix A.
e The thinnest measured location was 152.4 mils (3.87 mm).

¢ Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 60.9%.

Figure 3-3 Cross Section of Coupon 2 at area of Maximum Wall Loss

3.3 Coupon 3

Coupon 3 was located in the extension ring at location 14-ER-E3-13-9-18. Prove-up measurement
data was not available.

3.3.1 On-Site Evaluation of Coupon 3

The concrete behind Coupon 3 was sound concrete with no cracks or delaminations. Table 3-3
contains the on-site concrete observations and test results.

15
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Table 3-3 Coupon 3 On-Site Condition Assessment

6/19/2018: 14:00

CONCRETE SAMPLE SPECIFICS

Sample ID 3
Sample Location 14-ER-E3-13-7-18
Sample Dimensions 12”7 x 127

3

ON SITE VISUAL EXAMINATION

Observations

Checks Exterior Units
Void space between On left side, uneven corrosion product and a 1/16-
concrete and liner (if any) inch void. Otherwise, no voids.
Biological Materials None
Wet or Dry Mostly dry, with some damp spots
Smell None
Temperature 79.3 F
Surface pH 11-12 dry areas, 7-8 in areas with corrosion product
Structure to Electrolyte -0.488 Volts/CSE
Concrete Resistivity 274 Horizantal K-Ohm-cm

31.2 Vertical

General Condition

Good, with some corrosion products.

Corrosion product was black on the left side, and
brown in some other areas.

Concrete was hard and difficult to drill for powder
samples. Coupons required some hammering and
prying to remove after cutting.

Concrete behind Coupon 3

16
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Backside of Coupon 3

4

Tue, 19 Jun 2018, 3:00 PM

COUPON SPECIFICS

Coupon ID 3
Coupon Location 14-ER-E3-13-9-18
Coupon Dimensions 127 x 127

3

Coupon Thickness

%” (NDE: minimum 0.033")

(No prove-up-phase thickness)

Locations of Welds

None

ON SITE VISUAL EXAMINATION

Observations

Checks - -
Exterior Interior

Deposits, Coatings, Debris Thick, brown, grey deposits Standard coating with paint
Scale None None
Observed Biological Material None None
Wet or Dry Wet Dry
Smell Burnt, like wax None
Presence of petroleum product
between steel and concrete Yes No
surface
Presence of corrosion Yes Yes
Isolated pitting Yes Yes
I — —

solated plttlng within areas of Ves No
general corrosion
i — —

inked pitting thhm areas of No No
general corrosion
Identify color of corrosion .

White, brown Brown

products
Identify if selected attack at

entify if selected attack a N/A N/A
welds

17
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Coupon 3 exhibited backside corrosion that was not predicted. However, it must be noted that
layout work to finalize sizing and location of a repair adjacent to Coupon 3 had not taken place
prior to removal of the coupon. This corrosion was noted on the Spreadsheet that was reviewed
by the Regulators, and one of the reasons why this coupon location was selected.

3.3.2 Destructive Testing Laboratory Evaluation of Coupon 3

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 3 are contained
in Appendix A.

e The thinnest measured location was 131.5 mils (3.34 mm).

¢ Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 52.6%.

e A cross-section view of Coupon 3 is shown in Figure 3-4.

- ' ..

Figure 3-4 Cross Section of Coupon 3 at Area of Maximum Wall Loss

3.4 Coupon 5

Coupon 5 was located in barrel at location 14-BA-26-15-15-8. No significant backside corrosion
was identified by LFET. A minimum wall thickness of 0.224 inch was indicated. Prove-up
measurement data was not obtained because LFET wall thickness measurements were greater than
200 mils.

3.4.1 On-Site Evaluation of Coupon §

The concrete behind Coupon 5 was sound concrete with no cracks or delaminations. A 1/16” void
was observed on site. Table 3-4 contains the on-site concrete observations and test results.

18
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Table 3-4 Coupon 5 On-Site Condition Assessment

6/20/2018: 0800

CONCRETE SAMPLE SPECIFICS

Sample ID 5
Sample Location 14-BA-26-15-15-8
Sample Dimensions 12”7 x 127

5

ON SITE VISUAL EXAMINATION

Observations

Checks Exterior Units

Void space between 1/16” Void on top right side, no voids in all other

concrete and liner (if any) areas

Biological Materials None

Wet or Dry Dry

Smell None

Temperature 78.5 F

Surface pH 11-12

Structure to Electrolyte -0.220 Volts/CSE

Concrete Resistivity 19.1 Hori.zontal k-ohm-cm
22.0 Vertical k-ohm-cm

General Condition

Excellent, sound concrete

Concrete behind Coupon 5

/

19
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Backside of Coupon 5

Wed, 20 Jun 2018, 08:20 AM

COUPON SPECIFICS
Coupon ID 5
Coupon Location 14-BA-26-15-15-8 5
Coupon Dimensions 12”7 x 127
Coupon Thickness %" (NDE: minimum 0.047") (No prove-up-phase thickness)
Locations of Welds None

ON SITE VISUAL EXAMINATION

Observations

Checks - -
Exterior Interior

Deposits, Coatings, Debris Concrete layer, thin Standard coating
Scale None None
Observed Biological Material None None
Wet or Dry Dry Dry
Smell Burnt Burnt
Presence of petroleum product
between steel and concrete No No
surface
Presence of corrosion Yes No
Isolated pitting No No
| o —

solated plttlng within areas of No No
general corrosion
Li — ——

inked pitting thhm areas of No No
general corrosion
Identi i

entify color of corrosion - N/A
products
Identify if selected attack at

entify if selected attack a N/A N/A
welds

20
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3.3.3 Destructive Testing Laboratory Evaluation of Coupon 5

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 5 are contained
in Appendix A.

e The thinnest measured location was 224.0 mils (5.69 mm).

e Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 89.6%.

e A cross-section view of Coupon 5 is shown in Figure 3-5.

L=5.69 mm

b
-, =641 mm )l
T |t - g

Figure 3-5 Cross Section of Coupon 5 at Area of Maximum Wall Loss

3.5 Coupon 6

Coupon 6 was located in barrel at location 14-BA-24-8-36-30. No significant backside corrosion was
identified by LFET. Prove-up measurement data was not obtained because LFET wall thickness
measurements were greater than 200 mils.

3.5.1 On-Site Evaluation of Coupon 6

The concrete behind Coupon 6 was sound concrete with no cracks or delaminations. Table 3-5 contains
the on-site concrete observations and test results.

21
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Table 3-5 Coupon 6 On-Site Condition Assessment

6/21/2018: 1100

CONCRETE SAMPLE SPECIFICS

6

Sample ID 6
Sample Location 14-BA-24-8-36-30
Sample Dimensions 12”7 x 12"

ON SITE VISUAL EXAMINATION

Observations

Checks Exterior Units
Void space between .
s : None, however some loose adhering grout present

concrete and liner (if any)

Biological Materials None

Wet or Dry Dry

Smell None

Temperature 77.4 F

Surface pH 12.5

Structure to Electrolyte -0.387 Volts/CSE

Concrete Resistivity Horizontal =10.1 k-ohm-cm
Vertical = 18.2 k-ohm-cm

General Condition

Concrete is sound, no delamination. There is loose

Concrete behind Coupon 6

22
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Backside of Coupon 6

Thu, 21 Jun 2018, 11:05 AM

COUPON SPECIFICS
Coupon ID 6
Coupon Location 14-BA-24-8-36-30 6
Coupon Dimensions 12”7 x 127

Coupon Thickness

%” (NDE: No reported thickness;
greater than 0.200”)

(No prove-up-phase thickness)

Locations of Welds

None

ON SITE VISUAL EXAMINATION

Observations

Checks - -
Exterior Interior
Deposits, Coatings, Debris Scrapes Standard coating
Scale Concrete None
Observed Biological Material None None
Wet or Dry Dry Dry
Smell Burnt Burnt
Presence of petroleum product
between steel and concrete No No
surface
Presence of corrosion Yes, small Yes, tiny
Isolated pitting No No
Isolated pitti ithi
pi |ng within areas of No No
general corrosion
Linked pitti ithi
pitting thhm areas of No No
general corrosion
Identify color of corrosion
Brown Brown
products
Identify if selected attack at
entify if selected attack a N/A N/A
welds
23
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3.5.2 Destructive Testing Laboratory Evaluation of Coupon 6

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 6 are contained
in Appendix A.

e The thinnest measured location was 157.9 mils (4.01 mm).

¢ Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 63.1%.

e A cross-section view of Coupon 6 is shown in Figure 3-6.

Figure 3-6 Cross Section of Coupon 6 at Area of Maximum Wall Loss

3.6  Coupon?7

Coupon 7 was located in barrel at location 14-BA-23-7-38-49. Backside corrosion and pitting
corrosion was identified by LFET. Prove-up measurement data indicated a minimum wall
thickness of 0.135 inch.

3.6.1 On-Site Evaluation of Coupon 7

The concrete behind Coupon 7 was sound concrete with no cracks or delaminations. There was a

3/8” void between the concrete and steel on the left side and 1/16” void on the top right. Table 3-
6 contains the on-site concrete observations and test results.

24
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Table 3-6 Coupon 7 On-Site Condition Assessment

6/21/2018: 1030

CONCRETE SAMPLE SPECIFICS

Sample ID 7
Sample Location 14-BA-23-7-38-49
Sample Dimensions 12”7 x 127

7

ON SITE VISUAL EXAMINATION

Observations

Checks Exterior Units

Void space between 3/8” void on left side. 1/16” void on top right

concrete and liner (if any) otherwise no voids

Biological Materials None

Wet or Dry

Smell hohe

Temperature 77.5 F

Surface pH 9-10

Structure to Electrolyte -0.276 Volts/CSE

Concrete Resistivity Horizontal = 39.3 k-ohm-cm
Vertical =42.4 k-ohm-cm

General Condition

Concrete is sound with no delamination or cracks.

Some brown and black corrosion products on
concrete

Concrete behind Coupon 7

25
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Backside of Coupon 7

Thu, 21 Jun 2018, 10:35 AM

COUPON SPECIFICS

Coupon ID 7
Coupon Location 14-BA-23-7-38-49 7
Coupon Dimensions 12”7 x 127
Coupon Thickness %" (NDE: minimum 0.157”) Prove-up: minimum 0.135"
Locations of Welds None
ON SITE VISUAL EXAMINATION
Checks . Observations .
Exterior Interior
Deposits, Coatings, Debris Lots of general corrosion Standard coating
Scale Yes, thick, varied None
Observed Biological Material None None
Wet or Dry Wet Dry
Smell Burnt, damp Burnt
Presence of petroleum product
between steel and concrete No No
surface,
Presence of corrosion Yes Yes
Isolated pitting Yes No
Isolated plttlng within areas of Ves No
general corrosion
Linked pitting thhm areas of No No
general corrosion
Identify color of corrosion Brown, black Brown
products
Identify if selected attack at N/A N/A
welds
26
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3.6.2 Destructive Testing Laboratory Evaluation of Coupon 7

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 7 are contained
in Appendix A.

e The thinnest measured location was 163.8 mils (4.16 mm).

¢ Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 66.5%.

e A cross-section view of Coupon 7 is shown in Figure 3-7.

Figure 3-7 Cross Section of Coupon 7 at Area of Maximum Wall Loss

3.7  Coupon 8

Coupon 8 was located in barrel at location 14-BA-20-13-236-43. Backside corrosion was not
identified by prove-up PAUT. (Remaining wall thickness greater than 0.200 inch)

3.7.1 On-site Evaluation of Coupon 8
The concrete behind Coupon 8 was sound concrete with no cracks or delaminations. There was a

1/16 inch void between the concrete and steel on the left side. Table 3-7 contains the on-site
concrete observations and test results.

27
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Table 3-7 Coupon 8 On-Site Condition Assessment

6/20/2018: 1400

CONCRETE SAMPLE SPECIFICS

Sample ID 8
Sample Location 14-BA-20-13-236-43
Sample Dimensions 12”7 x 127

8

ON SITE VISUAL EXAMINATION

Observations

Wieas Exterior Units

Void space between concrete 1/16” Void on left side, no voids in all other

and liner (if any) areas

Biological Materials None

Wet or Dry Dry

Smell None

Temperature 80.0 F

Surface pH 11-12

Structure to Electrolyte -0.248 Volts/CSE

Concrete Resistivity 200 Hori.zontal Keseher-em
27.5 Vertical k-ohm-cm

General Condition

Excellent, sound concrete with no cracks or
delamination. Coupon had steel backing
plate

Concrete behind Coupon 8

Backside of Coupon 8

B-160
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Coupon ID 8
Coupon Location 14-BA-20-13-236-43
Coupon Dimensions 127 x 127

8

Coupon Thickness

%" (NDE: minimum 0.069")

Prove-up: minimum 0.200”

Locations of Welds

About 2” from right edge of front face (exterior face)

Observations

welds

Checks ; -
Exterior Interior
Deposits, Coatings, Debris White coating Standard cn‘)atmg'WIth pink,
white paint
Scale None None
Observed Biological Material None None
Wet or Dry Dry Dry
Smell Burnt metal Fuel-like
Presence of petroleum product
between steel and concrete No No
surface
Presence of corrosion Yes No
Yes
Isolated pitting (Pit 1: 5” from left, 2” from top) No
(Pit 2: 7" from left, 5” from top)

Isolated plttmg within areas of Yes No
general corrosion
Linked pitting Wlthm areas of No No
general corrosion
Identify color of corrosion Brown No
products
Identify if selected attack at Yes N/A

3.7.2 Destructive Testing Laboratory Evaluation of Coupon 8

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 8 are contained

in Appendix A.

e The thinnest measured location was 205.9 mils (5.23 mm).

e Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest

location was 82.4%.

e A cross-section view of Coupon 8 is shown in Figure 3-8.

BWS023615



Figure 3-8 Cross Section of Coupon 8 at Area of Maximum Wall Loss

3.8  Coupon 10

Coupon 10 was located in lower dome at location 14-L.D-3-9-24-215. Backside corrosion was not
identified by LFET. (Remaining wall thickness greater than 0.200 inch)

3.8.1 On-site Evaluation of Coupon 10
The concrete behind Coupon 10 was sound concrete with no cracks or delaminations. There was

a 1/16 inch void between the concrete and steel on the left side. Table 3-8 contains the on-site
concrete observations and test results.
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Table 3-8 Coupon 10 On-Site Condition Assessment

6/21/2018: 0930

CONCRETE SAMPLE SPECIFICS

Sample ID 10
Sample Location 14-1D-3-9-24-215
Sample Dimensions 12”7 x 127

10

ON SITE VISUAL EXAMINATION

Observations

Wieas Exterior Units

Void space between

: : None
concrete and liner (if any)
Biological Materials None
Wet or Dry Dry
Smell like coal tar
Temperature 77.6 F
Surface pH 12-12.5
Structure to Electrolyte -0.181 Volts/CSE
Concrete Resistivity 27.3 Horizontal k-ohm-cm

38.1 Vertical k-ohm-cm

General Condition

Excellent, sound concrete with no cracks or
delamination. Coupon had to be cut into two
pieces to remove. What appears to be coal tar
coating present on backside of coupon and
concrete.

Concrete behind Coupon 10
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Backside of Coupon 10

Thu, 21 Jun 2018, 10:30 AM

COUPON SPECIFICS

Coupon ID 10
Coupon Location 14-1D-3-9-24-215 10
Coupon Dimensions 12”7 x 127
Coupon Thickness %" (NDE: minimum 0.198”) Prove-up: minimum 0.200"
Locations of Welds None
ON SITE VISUAL EXAMINATION
Checks . Observations .

Exterior Interior
Deposits, Coatings, Debris Coal-tar-like Lots of surface debris
Scale None None
Observed Biological Material None None
Wet or Dry Wet Dry
Smell Coal-tar-like None
Presence of petroleum product
between steel and concrete No No
surface
Presence of corrosion Yes (small) Yes
Isolated pitting No Yes
Isolated plttlng within areas of No No
general corrosion
Linked pitting thhm areas of No No
general corrosion
Identify color of corrosion

Brown Brown
products
Identify if selected attack at N/A N/A
welds
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3.8.2 Destructive Testing Laboratory Evaluation of Coupon 10

e Detailed results of the Destructive Testing Laboratory analysis of Coupon 10 are contained
in Appendix A.

e The thinnest measured location was 241.7 mils (6.14 mm).

¢ Assuming a nominal wall thickness of 250 mils, the remaining wall thickness at the thinnest
location was 96.7%.

e A cross-section view of Coupon 10 is shown in Figure 3-9.

Figure 3-9 Cross Section of Coupon 10 at Area of Maximum Wall Loss

3.9 Coupon Al

Coupon Al was located in the barrel at location 14-BA-23-9-95-50. Backside corrosion was
identified by LFET with minimum remaining wall thickness less than 0.160 inch.

3.9.1 On-site Evaluation of Coupon Al
The concrete behind Coupon A1 was sound concrete with no cracks or delaminations. There was

a 1/8 inch void between the concrete and steel on the left side. Table 3-9 contains the on-site
concrete observations and test results.
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Table 3-9 Coupon Al On-Site Condition Assessment

6/20/2018: 1100

CONCRETE SAMPLE SPECIFICS

Sample ID Al
Sample Location 14-BA-23-9-95-50
Sample Dimensions 12”7 x 127

Al

ON SITE VISUAL EXAMINATION

Observations

Check
ecks Exterior Units
Void bet
DI SReEs RS .weer? 1/8” Void on left side, no voids in all other areas
concrete and liner (if any)
Biological Materials None
Wetor Doy Mostly dry with damp areas around corrosion
product
Smell None
Temperature 77.5 Degrees F
Surface pH 11-12 in dry areas, 7-8 in corroded area
-0.448 (dry area)
Structure to Electrolyt Volts/CSE
ructure fo tlectrolyte -0.432 (damp area w. corrosion products) altsf
32.9 Horizontal
Concrete Resistivity orizonta k-ohm-cm

37.0 Vertical

General Condition

Good condition with sound concrete, no cracks or
delamination. Corrosion products are present on
concrete.

Concrete behind Coupon Al
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Backside of Coupon Al

Wed, 20 Jun 2018, 10:55 AM

COUPON SPECIFICS

Coupon ID Al
Coupon Location 14-BA-23-9-95-50
Coupon Dimensions 12”7 x 127

Al

Coupon Thickness

%” (NDE: minimum 0.134”)

(no prove-up-phase thickness)

Locations of Welds

None

ON SITE VISUAL EXAMINATION

Observations

Checks - -
Exterior Interior
Deposits, Coatings, Debris Abundant corrosion product Standard coating
Scale None None
Observed Biological Material None None
Wet or Dry Dry Dry
Smell Burnt, musty Burnt
Presence of petroleum product
between steel and concrete
surface, and on or above the leg No No
of the angle backer bar
embedded in the concrete
Presence of corrosion Yes Yes
Yes
Isolated pitting (Pit: 7.5” from left, 2.5” from No
top)
Isolated pitting wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>