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Preface to Appendices 
 
Eleven separate appendices were developed to capture more of the images and 
information obtained for Test #2. Several appendices are further divided into 
subappendices to better segregate the information according to the time point in the test 
when the samples were extracted from the test apparatus, the type of samples being 
evaluated, or the type of examinations performed.   
 
Section 3.3 of this report reviewed the nomenclature adopted for reporting ICET results. 
This nomenclature is used in the caption labels for most of the figures presented in the 
appendices. 
 
As noted in Section 3.3, the data presented in the appendices are largely qualitative in 
nature, consisting primarily of ESEM, SEM, and TEM micrographs and EDS spectra. 
Each appendix represents a separate session of laboratory work that can be traced to a 
batch of samples that were typically processed in chronological order.  
 
Transcriptions of the logbooks are provided for each appendix to better document 
commonalities that existed among the samples at the time of analysis. Logbook 
information was developed for most, but not all, of the images presented in the 
appendices. Interpretation and understanding of the images and their accompanying EDS 
spectra can be improved by referring frequently to the logbook sample descriptions and 
sequences.  
 
Typically, a relatively large quantity of a test sample was delivered for SEM or TEM 
analysis, and then several small subsamples of each item were examined. Note that each 
subsample was assigned a sequential reference number during the laboratory session. 
These reference numbers have been cited in the figure captions whenever possible to 
preserve the connection between the micrographs and the notebook descriptions. 
Electronic file names have also been stamped on the images to permit retrieval of the 
original data files, which are archived elsewhere. Individual data sets for a given sample 
item have been collated into a typical sequence of (1) visual image, (2) EDS spectra, and 
(3) semiquantitative mass composition. 
 
Semiquantitative mass compositions are also presented for most of the EDS spectra. 
These results are obtained from a commercial algorithm that decomposes the spectra into 
the separate contributions of each element.  
 
The appendices are listed below. 
 
Appendix A SEM/EDS Data for Test #2, Day-15 High-Volume Filter 
 
Appendix B SEM/EDS Data for Test #2, Day-30 Corrosion Products 
 
Appendix C1 SEM/EDS Data for Unused and Test #2, Day-30 Aluminum Coupons 
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Appendix C2 SEM/EDS Data for Unused and Test #2, Day-30 Copper Coupons 
 
Appendix C3 SEM/EDS Data for Unused and Test #2, Day-30 Galvanized Steel 

Coupons 
 
Appendix C4 SEM/EDS Data for Unused and Test #2, Day-30 Steel Coupons 
 
Appendix D1 ESEM and SEM/EDS Data for Test #2, Day-16 Fiberglass in High- and 

Low-Flow Zones 
 
Appendix D2 ESEM and SEM/EDS Data for Test #2, Day-30 Fiberglass in High- and 

Low-Flow Zones 
 
Appendix D3 ESEM and SEM/EDS Data for Test #2, Day-30 Drain Collar Fiberglass 
 
Appendix D4 ESEM and SEM/EDS Data for Test #2, Day-30 Birdcage Fiberglass  
 
Appendix E SEM/EDS Data for T2D30 Sediment 
 
Appendix F1 TEM Data for Test #2, Day-4 Solution Samples 
 
Appendix F2 TEM Data for Test #2, Day-17 Solution Samples 
 
Appendix F3 TEM Data for Test #2, Day-30 Solution Samples 
 
Appendix G Test #2, Total Organic Carbon (TOC) Concentration 
 
Appendix H Ultraviolet (UV) Absorbance Spectrum—Day-30 Solution Sample 
 
Appendix I XRD and XRF Data for Test #2, Day-30 Sediment and Fiberglass in 

Birdcage 
 
Appendix J ESEM and SEM/EDS Data for Test #2, Day-4 Filtrate and Fiberglass 

Samples 
 
Appendix K ICET Test #2, Pre-Test, Test, and Post-Test Project Instructions 
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Appendix A 
 

SEM/EDS Data for Test #2, Day-15 High-Volume Filter 
 
 

Figures 
 
Figure A-1. SEM image at 120× magnification for a Test #2, Day-15 sample of particles on 

the high-volume filter. (T2D15_HiVol027) ........................................................... A-4 
Figure A-2. Backscatter SEM image at 800× magnification for a Test #2, Day-15 sample of 

particles on a high-volume filter. (T2D15_HiVol028)........................................... A-4 
Figure A-3. EDS counting spectrum for the darker filtrate material shown in Figure A-2, 

indicating that the dark material is rich in calcium and phosphorus. 

(T2D15EDS1~Dark Filter Particle)........................................................................ A-5 
Figure A-4. EDS counting spectrum for bright flecks on BSE image shown in Figure A-2, 

suggesting that they are rich in iron, oxygen, and silicon. (T2D15EDS2-Light 

Spot on Filter)......................................................................................................... A-7 
 
 

Tables 
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During ICET Test #2, work was continued for the purpose of identifying the origin and 
composition of chemical products that may form in the realistic reactor containment 
environments that are simulated in the ICET circulation tank. One question of interest is the 
composition of debris that collects on fiberglass and the composition of particulate substances 
suspended in the test solution. To partially address this question, a high-volume (1.0-L) filter 
extracted on Day 15 was examined by SEM/EDS. 
 
A Test #2, Day-15, high-volume filter sample was extracted from the tank on February 20, 2005. 
The sample was obtained by filtering 1.0 L of test solution through a 0.7-µm fiberglass filter to 
retain particulates that were present in the solution. The SEM/EDS data presented here are for the 
cake layer retained on the filter paper. These examinations were performed on March 7, 2005. 
Transcribed logbook entries are provided that document the examination sequence and improve 
the traceability of sample designations. 
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Transcribed Laboratory Log 
 
Laboratory session from March 7, 2005 
 
T2D15 Samples—NRC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions:  15-kV, 1-nA beam current, Aperture = 2 
 
 
Sample T2D15 High-Volume Filter 
 
Image: T2D15_HiVol027 120 × SE image Figure A-1 
 T2D15_HiVol028 800 × BSE image Figure A-2 
EDS: T2D15EDS1  Dark filtrate material Figure A-3 
 T2D15EDS2  Bright flecks on filtrate Figure A-4 
 

Prod 2 

Prod 1 

T2D15
Filter 
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Figure A-1. SEM image at 120× magnification for a Test #2, Day-15 sample of particles on the 

high-volume filter. (T2D15_HiVol027) 
 
 

 
Figure A-2. Backscatter SEM image at 800× magnification for a Test #2, Day-15 sample of 

particles on a high-volume filter. (T2D15_HiVol028) 
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T2D15EDS1~Dark Filter Particle.jpg
 

Figure A-3. EDS counting spectrum for the darker filtrate material shown in Figure A-2, 
indicating that the dark material is rich in calcium and phosphorus. 
(T2D15EDS1~Dark Filter Particle) 

 
 
The results from the chemical composition analysis for T2D15EDS1 are given in Table A-1. 
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Table A-1. Chemical Composition for T2D15EDS1 
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Figure A-4. EDS counting spectrum for bright flecks on BSE image shown in Figure A-2, 

suggesting that they are rich in iron, oxygen, and silicon. (T2D15EDS2-Light Spot on 
Filter) 
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The results from the chemical composition analysis for T2D30EDS2 are given in Table A-2. 
 
 

Table A-2. Chemical Composition for T2D15EDS2 
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SEM/EDS Data for Test #2, Day-30 Corrosion Products 
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B-ii 

 

Figure B-11. Backscatter SEM image at 95× magnification of a Test #2, Day-30 sample of 

corrosion products on a submerged GS coupon. (T2D30_Cor_Prod008_on Galv 

Steel Submerged).................................................................................................. B-12 
Figure B-12. EDS counting spectrum collected from the center of the SEM image shown in 

Figure B-11. (T2D30EDS4) ................................................................................. B-12 
Figure B-13. EDS counting spectrum collected from the upper part of the SEM image shown 

in Figure B-11. (T2D30EDS5) ............................................................................. B-13 
Figure B-14. EDS counting spectrum collected from the center of the SEM image shown in 

Figure B-11 but using a 25-kV beam voltage. (T2D30EDS6) ............................. B-15 
Figure B-15. EDS counting spectrum for small tubular crystals in Figure B-11, suggesting 

that the corrosion products of galvanized steel are rich in zinc, phosphorus, and 

oxygen [possible presence of Zn3(PO4)2]............................................................. B-15 
Figure B-16. Backscatter SEM image at 120× magnification for a Test #2, Day-30 sample of 

corrosion products on a submerged GS coupon. (T2D30_Cor_Prod009_on Galv 

Steel Submerged).................................................................................................. B-17 
Figure B-17. Backscatter SEM image at 55× magnification for a Test #2, Day-30 sample of 

corrosion products on a submerged GS coupon, annotated to show EDS sample 

locations. (T2D30_Cor_Prod010_on Galv Steel Submerged) ............................. B-17 
Figure B-18. EDS counting spectrum collected from the spot EDS9 indicated in Figure B-17. 

(T2D30EDS9~on Submerged Galv Steel)............................................................ B-18 
Figure B-19. EDS counting spectrum collected from the spot EDS10 indicated in Figure 

B-17. (T2D30EDS10)........................................................................................... B-18 
Figure B-20. Backscatter SEM image at 90× magnification for a Test #2, Day-30 sample of 

corrosion products on a submerged aluminum coupon. 

(T2D30_Cor~Prod011~on Aluminum) ................................................................ B-20 
Figure B-21. SEM image at 90× magnification on another area of a Test #2, Day-30 sample 

of corrosion products on a submerged aluminum coupon. 

(T2D30_Cor_Prod012_on Aluminum Submerged) ............................................. B-20 
Figure B-22. EDS counting spectrum for upper right spot in Figure B-21, suggesting that the 

corrosion products of aluminum are rich in aluminum, silicon, phosphorus, and 

oxygen. (T2D30EDS11~on Aluminum spot glob)............................................... B-21 
Figure B-23. SEM image at 1000× magnification of a Test #2, Day-30 sample of corrosion 

products on a submerged aluminum coupon. (T2D30_Cor_Prod013_on 

Aluminum Submerged) ........................................................................................ B-23 



 
 

 
B-iii 

 

Figure B-24. EDS counting spectrum on the center of Figure B-23, suggesting that the 

corrosion products of aluminum are rich in aluminum, silicon, phosphorus, and 

oxygen. (T2D30EDS12~on Aluminum Center of Glob)...................................... B-23 

 
 

Tables 
 
Table B-1. The Chemical Composition for T2D30EDS2......................................................... B-8 
Table B-2. The Chemical Composition for T2D30EDS3....................................................... B-10 
Table B-3. The Chemical Composition for T2D30EDS5....................................................... B-14 
Table B-4. The Chemical Composition for T2D30EDS7....................................................... B-16 
Table B-5. The Chemical Composition for T2D30EDS10..................................................... B-19 
Table B-6. Chemical Composition for T2D30EDS11............................................................ B-22 
Table B-7. The Chemical Composition for T2D30EDS12..................................................... B-24 

 
 



 
 

 
B-iv 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank.



 
 

 
B-1 

 

For ICET tests, one process of interest is the corrosion effect on metal and concrete 
coupons. One means of understanding the corrosion process is through direct 
examination of the corrosion products after the test is completed. For this purpose, 
corrosion products were collected when Test #2 was shut down (March 7, 2005). These 
corrosion products included (1) fine powders on a vertical piece of the submerged CPVC 
rack, (2) white residue on a horizontal piece of the submerged CPVC rack, (3) corrosion 
products on a submerged GS coupon, and (4) corrosion products on a submerged 
aluminum coupon. 
 
Corrosion products were collected by directly adhering the sample onto double-sided 
carbon tape suitable for SEM/EDS examination. After the samples were dried in air, a 
gold/palladium coating was applied to enhance the surface conductivity of the samples 
and to prevent possible charging problems during the SEM examination. For many 
samples, semiquantitative elemental analysis was performed on the accompanying EDS 
spectra. This appendix presents the SEM/EDS data that were generated on March 7, 
2005, for each of the sample types identified above. Available logbook entries for this 
laboratory session are included in this appendix as transcribed notes. 
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Transcribed Laboratory Log 
 
Laboratory session from March 7, 2005 
 
T2D30 Samples—NRC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditions: 15-kV, 1-nA beam current, Aperture = 2 
 
 
Product 1. Corrosion Product (Powder) on CPVC 
 
Image: T2D30_Cor_Prod001 150 × SEI Figure B-1 
 T2D30_Cor_Prod002 1000 × SEI Figure B-2 
EDS: T2D30EDS1  EDS of Prod002 Figure B-3 
Image T2D30_Cor_Prod003 650 × SEI Figure B-4 
 
 
Product 2. Corrosion Product Sediment on Rack 
 
Image: T2D30_Cor_Prod004 130 × SEI Figure B-5 
EDS: T2D30EDS2  EDS of Prod004 Figure B-6 
Image: T2D30_Cor_Prod005 130 × BSE on different area 

EDS3 collected on 
bright particle in center 
right 

Figure B-7 

EDS: T2D30EDS3  Bright particle Figure B-8 

Prod 2 

Prod 1 

T2D15
Filter 

Prod 3 Prod 4 

Low Flow Ext 
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Image: T2D30_Cor_Prod006 1000 × SEI Figure B-9 
 T2D30_Cor_Prod007 40 × BSE overview Figure B-10 
 
 
Product 3. Corrosion Product on Galvanized Steel 
 
Image: T2D30_Cor_Prod008 95 × BSE image Figure B-11 
EDS: T2D30EDS4  Center of agglomeration in 

image 008 
Figure B-12 

 T2D30EDS5  Above location of EDS4 Figure B-13 
 T2D30EDS6  Same as EDS4 but using 25 

kV 
Figure B-14 

 T2D30EDS7  Small tubular crystals Figure B-15 
Image: T2D30_Cor_Prod009 120 × BSE of crystal Figure B-16 
 T2D30_Cor_Prod010 55 × BSE lower part of sample Figure B-17 
EDS: T2D30EDS9  Spot on right side of image 

010 
Figure B-18 

 T2D30EDS10  Crystals at left of image 010 Figure B-19 
 
 
Product 4. Corrosion Product on Aluminum 
 
Image: T2D30_Cor_Prod011 90 × BSE overview Figure B-20 
Image: T2D30_Cor_Prod012 90 × SE image on another area Figure B-21 
EDS: T2D30EDS11  Spot on agglomeration in 

upper right of image 012 
Figure B-22 

 T2D30_Cor_Prod013 1000 × SE same area Figure B-23 
EDS: T2D30EDS12  EDS on center of 

agglomeration 
Figure B-24 



 
 

 
B-5 

 

 
Figure B-1. SEM image (150×) for a Test #2, Day-30 sample of fine powder on a vertical piece of 

the submerged PVC rack. (T2D30_Cor_Prod001_Fine Powder) 
 
 
 

 
Figure B-2. SEM image at 1000× magnification for a Test #2, Day-30 sample of fine powder on a 

vertical piece of the submerged PVC rack. (T2D30_Cor_Prod002_Fine Powder) 
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T2D30EDS1-Fine Powder.jpgT2D30EDS1-Fine Powder.jpg  
Figure B-3. EDS counting spectrum for the SEM image shown in Figure B-2, suggesting that the 

fine powder may contain magnesium salts [MgCO3 and/or Mg3(PO4)2]. 
(T2D30EDS1-Fine Powder)  

 
 
 

 
Figure B-4. Another SEM image at 650× magnification for a Test #2, Day-30 sample of fine 

powder on a vertical piece of the submerged PVC rack. The cylinder-shaped debris is 
likely to be fiberglass. (T2D30_Cor_Prod003_Fine Powder) 
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Figure B-5. SEM image (130×) for a Test #2, Day-30 sample of white residue on a horizontal piece 

of the submerged CPVC rack. (T2D30_Cor_Prod004_White Powder on Rack) 
 
 
 

 
Figure B-6. EDS counting spectrum collected on the field of view at 130× magnification for the 

white residue shown in Figure B-5. (T2D30EDS2) 
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The results from the chemical composition analysis for T2D30EDS2 are given in Table 
B-1. 
 
 

Table B-1. The Chemical Composition for T2D30EDS2 
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Figure B-7. Backscattered SEM image at 130× magnification for a Test #2, Day-30 sample of 

white residue on a horizontal piece of the submerged PVC rack. 
(T2D30_Cor_Prod005_White Particle on Rack) 

 
 

T2D30EDS3.jpgT2D30EDS3.jpg
 

Figure B-8. EDS counting spectrum collected on the bright particles shown in Figure B-7. 
(T2D30EDS3) 
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The results from the chemical composition analysis for T2D30EDS2 are given in Table 
B-2. 
 
 

Table B-2. The Chemical Composition for T2D30EDS3 
 

 



 
 

 
B-11 

 

 
Figure B-9. SEM image at 1000× magnification for a Test #2, Day-30 sample of white residue on 

the horizontal piece of the submerged PVC rack. (T2D30_Cor_Prod006) 
 

 
Figure B-10. Backscatter SEM overview at 40× magnification of a Test #2, Day-30 sample of white 

residue on the horizontal piece of the submerged CPVC rack. (Looks similar to the 
corrosion product on GS). (T2D30_Cor_Prod007_White Particle on Rack) 
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Figure B-11. Backscatter SEM image at 95× magnification of a Test #2, Day-30 sample of corrosion 

products on a submerged GS coupon. (T2D30_Cor_Prod008_on Galv Steel 
Submerged) 

 
 

T2D30EDS4.jpgT2D30EDS4.jpg
 

Figure B-12. EDS counting spectrum collected from the center of the SEM image shown in Figure 
B-11. (T2D30EDS4) 
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T2D30EDS5.jpgT2D30EDS5.jpg
 

Figure B-13. EDS counting spectrum collected from the upper part of the SEM image shown in 
Figure B-11. (T2D30EDS5) 
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The results from the chemical composition analysis for T2D30EDS5 are given in Table 
B-3. 
 
 

Table B-3. The Chemical Composition for T2D30EDS5 
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Figure B-14. EDS counting spectrum collected from the center of the SEM image shown in Figure 

B-11 but using a 25-kV beam voltage. (T2D30EDS6) 
 
 
 

T2D30EDS7 –on Galv Steel Tubular Crystal.jpgT2D30EDS7 –on Galv Steel Tubular Crystal.jpg
 

Figure B-15. EDS counting spectrum for small tubular crystals in Figure B-11, suggesting that the 
corrosion products of galvanized steel are rich in zinc, phosphorus, and oxygen 
[possible presence of Zn3(PO4)2]. 
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The results from the chemical composition analysis for T2D30EDS7 are given in Table 
B-4. 
 
 

Table B-4. The Chemical Composition for T2D30EDS7 
 

 



 
 

 
B-17 

 

 
Figure B-16. Backscatter SEM image at 120× magnification for a Test #2, Day-30 sample of 

corrosion products on a submerged GS coupon. (T2D30_Cor_Prod009_on Galv Steel 
Submerged) 

 
 

 
Figure B-17. Backscatter SEM image at 55× magnification for a Test #2, Day-30 sample of 

corrosion products on a submerged GS coupon, annotated to show EDS sample 
locations. (T2D30_Cor_Prod010_on Galv Steel Submerged) 
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T2D30EDS9~on SubmergedGalvSteel.jpgT2D30EDS9~on SubmergedGalvSteel.jpg
 

Figure B-18. EDS counting spectrum collected from the spot EDS9 indicated in Figure B-17. 
(T2D30EDS9~on Submerged Galv Steel) 

 
 

T2D30EDS10.jpgT2D30EDS10.jpg
 

Figure B-19. EDS counting spectrum collected from the spot EDS10 indicated in Figure B-17. 
(T2D30EDS10) 
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The results from the chemical composition analysis for T2D30EDS10 are given in Table 
B-5. 
 
 

Table B-5. The Chemical Composition for T2D30EDS10 
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Figure B-20. Backscatter SEM image at 90× magnification for a Test #2, Day-30 sample of 

corrosion products on a submerged aluminum coupon. (T2D30_Cor~Prod011~on 
Aluminum) 

 
 

 
Figure B-21. SEM image at 90× magnification on another area of a Test #2, Day-30 sample of 

corrosion products on a submerged aluminum coupon. (T2D30_Cor_Prod012_on 
Aluminum Submerged) 
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T2D30EDS11~on Aluminum spot glob.jpg
 

Figure B-22. EDS counting spectrum for upper right spot in Figure B-21, suggesting that the 
corrosion products of aluminum are rich in aluminum, silicon, phosphorus, and 
oxygen. (T2D30EDS11~on Aluminum spot glob) 
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The results from the chemical composition analysis for T2D30EDS11 are given in Table 
B-6. 
 
 

Table B-6. Chemical Composition for T2D30EDS11 
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Figure B-23. SEM image at 1000× magnification of a Test #2, Day-30 sample of corrosion products 

on a submerged aluminum coupon. (T2D30_Cor_Prod013_on Aluminum Submerged) 
 
 

T2D30EDS12~on Aluminum Center of Glob.jpg
 

Figure B-24. EDS counting spectrum on the center of Figure B-23, suggesting that the corrosion 
products of aluminum are rich in aluminum, silicon, phosphorus, and oxygen. 
(T2D30EDS12~on Aluminum Center of Glob) 
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The results from the chemical composition analysis for T2D30EDS12 are given in Table 
B-7. 
 
 

Table B-7. The Chemical Composition for T2D30EDS12 
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