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P.O. Box 450, MSIN H6-60 
Richland, Washington 99352 

MAY 2 7 2010 

Ms. Jane A. Hedges, Program Manager 
Nuclear Waste Program 
Washington State 
Department of Ecology 
3100 Port of Benton Blvd. 
Richland, Washington 99354 

Dear Ms. Hedges: 

0088377 

SUBMITTAL OF HANFORD FACILITY RESOURCE CONSERVATION AND RECOVERY 
ACT (RCRA) PERMIT MODIFICATION NOTIFICATION FORM 24590-LAW-PCN-ENV-
09-005 

Reference: WA7890008967, "Dangerous Waste Portion of the Hanford Facility Resource 
Conservation and Recovery Act Permit for the Treatment, Storage, and Disposal of 
Dangerous Waste, Part III, Operating Unit 10, 'Waste Treatment and 
Immobilization Plant."' 

This letter transmits the Hanford Facility RCRA Permit Modification Notification Form 24590-
LA W-PCN-ENV-09-005 attached, for the Washington State Department of Ecology review and 
approval. The form describes a requested Class 1 modification to the Reference. 

Modification Notification Form 24590-LAW-PCN-ENV-09-005 submits Corrosion Evaluations 
for the Low-Activity Waste Facility to replace the permitted Material Safety Data Sheets 
currently found in Appendix 9.9 of the Reference. 

If you have any questions, please contact me, or your staff may contact Gae M. Neath, 
Environmental Compliance Division, (509) 376-7828. 

Sincerely, 

ESQ:GMN 

Attachment 

cc: See page 2 
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cc w/attach: 
B. L. Cum, BNI 
B. G. Erlandson, BNI 
P.A. Fisher, BNI 
S. K. Murdock, BNI 
D. C. Robertson, BNI 
F. M. Russo, BNI 
Administrative Record (WTP H-0-8) 
BNI Correspondence 
Environmental Portal, LMSI 

cc electronic: 
M. M. Carhart, Ecology 
S. L. Dahl, Ecology (1 hard copy) 
T. Z. Gao, Ecology 
S. A. Thompson, MSA 
A. C. McKarns, RL 
D. J. Sommer, SCS 

cc w/o attach: 
D. M. Busche, BNI 
J. Cox, CTUIR 
S. G. Harris, CTUIR 
G. P. Davis, Ecology 
D. McDonald, Ecology 
G. P. Bohnee, NPT 
K. Niles, Oregon Energy 
S. R. Weil, RL 
R. Jim, YN 
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Quarter Ending June 30, 2010 24590-LAW-PCN-ENV-09-005 

Hanford Facility RCRA Permit Modification Notification Form 

Part Ill, Operating Unit 10 

Waste Treatment and Immobilization Plant 

Index 

Page 2 of 3: Hanford Facility RCRA Permit, Part Ill , Operating Unit 10, Waste Treatment and Immobilization Plant 

Replace LAW Facility Material Selection Data Sheets With Updated Corrosion Evaluations in Appendix 9.9 of 
the Dangerous Waste Permit (DWP). 

Submitted by Co-Operator: 

D. M. Busche Date 

24590-SENV-F000l l Rev 20 (Revised 9/9/2009) Ref: 24590-WTP-GPP-SENV-010 
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Quarter Ending June 30, 2010 24590-LAW-PCN-ENV-09-005 

Hanford Facility RCRA Permit Modification Notification Form 

Unit: Permit Part: 

Waste Treatment and Immobilization Plant Part Ill, Operating Unit 10 

Description of Modification : 

The purpose of this Class 1 prime modification is to replace Material Selection Data Sheets with updated 
Corrosion Evaluations for the following LAW Facility systems in Appendix 9.9 of the DWP. 

• LFP - LAW Melter Feed Process System 

• LOP - LAW Primary Offgas Process System 

• LVP - LAW S,econdary OffgasNessel Vent Process System 

• RLD - Radioactive Liquid Waste Disposal System 

Append ix 9.9 
Replace: With: 

24590-LAW-N1 D-LFP-P0004, Rev. 0 24590-LAW-N1 D-LFP-00004, Rev. 2 

See discussion below 24590-LAW-N1 D-LFP-00006, Rev. 0 

24590-LAW-N1 D-LOP-P0003, Rev. 0 24590-LAW-N1 D-LOP-00003, Rev. 3 

24590-LAW-N1D-LVP-P0002, Rev. 0 24590-LAW-N1D-LVP-00002, Rev. 2 

24590-LAW-N1 D-RLD-P0001 , Rev. 1 24590-LAW-N1 D-RLD-00001 , Rev. 5 

24590-LAW-N1 D-RLD-P0002, Rev. 0 24590-LAW-N1 D-RLD-00002, Rev. 3 

24590-LAW-N1 D-RLD-P0005, Rev. 0 24590-LAW-N1 D-RLD-00005, Rev. 4 

This modification requests Ecology approval and incorporation into the permit the specific changes that are 
identified by revision bars that have been issued since the last revision of the permitted version. Revis ions are 
the result of ongoing design review. The following identifies the changes: 

24590-LAW-N1 D-LFP-00004 (LFP-VSL-00001/-00003, Melter 1 & 2 Feed Preparation Vessels} 

• Removed LFP-VSL-00002/-00004 from MSDS and added to Corrosion Evaluation 24590-LAW-N1 D-
LFP-00006, Rev.a 

• Incorporated new Process Corrosion Data Sheet 

• Updated Section j -- Erosion 

• Added Section p -- Inadvertent Addition of Nitric Acid 

• Revised agitator materials recommendation 

• Updated References and Bibliography 

24590-LAW-N1 D-LFP-00006 (LFP-VSL-00002/-00004, Melter 1 & 2 Feed Vessels} 

• A Material Selection Data Sheet was not prepared since the Melter 1 & 2 Feed Vessels LFP-VSL-
00002/-00004 were previously incorporated into the DWP under 24590-LAW-N1 D-LFP-P0004 

• Vessels were subsequently removed from 24590-LAW-N1 D-LFP-P0004 and placed under Corrosion 
Evaluation 24590-LAW-N1 D-LFP-00006 

24590-LAW-N1 D-LOP-00003 (LOP-WESP-00001 & LOP-WESP-00002, Melter 1 and 2 WESP} 

• Updated wear allowance based on Evaluation of Stainless Steel Wear Rates in WTP Waste Streams at 
Low Velocities, 24590-WTP-RPT-M-04-0008 

• Updated References and Bibl iography 

24590-SENV-F000l l Rev 20 (Revised 9/9/2009) Ref: 24590-WTP-GPP-SENV-01 0 
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Quarter Ending June 30, 2010 24590-LAW-PCN-ENV-09-005 

24590-LAW-N1D-LVP-00002 (LVP-TK-0000t Caustic Collection Tank) 

• Updated wear allowance based on Evaluation of Stainless Steel Wear Rates in WTP Waste Streams at 
Low Velocities, 24590-WTP-RPT-M-04-0008 

• Updated Section g -- Microbiologically Induced Corrosion (MIC) 

• Updated References and Bibliography 

24590-LAW-N1 D-RLD-00001 (RLD-VSL-00004, C3/C5 Drains/Sump Collection Vessel) 

• Updated wear allowance based on Evaluation of Stainless Steel Wear Rates in WTP Waste Streams at 
Low Velocities, 24590-WTP-RPT-M-04-0008 

• Incorporated new Process Corrosion Data Sheet (PCDS) 

• PCDS includes data for "Leach" and "No Leach." "Leach" refers to the process of adding caustic to HLW 
feed to dissolve alum inum 

• Added Section p -- Inadvertent Addition of Nitric Acid 

• Updated References and Bibliography 

24590-LAW-N1 D-RLD-00002 (RLD-VSL-00005, SBS Condensate Collection Vessel) 

• Updated wear allowance based on Evaluation of Stainless Steel Wear Rates in WTP Waste Streams at 
Low Velocities, 24590-WTP-RPT-M-04-0008 

• Incorporated new Process Corrosion Data Sheet 

• PCDS includes data for "Leach" and "No Leach. " "Leach" refers to the process of adding caustic to HLW 
feed to dissolve aluminum 

• Added Section p -- Inadvertent Addition of Nitric Acid 

• Updated References and Bibliography 

24590-LAW-N1 D-RLD-00005 (RLD-VSL-00003, Plant Wash Vessel) 

• Modified Operating Description 

• Updated wear allowance based on Evaluation of Stainless Steel Wear Rates in WTP Waste Streams at 
Low Velocities, 24590-WTP-RPT-M-04-0008 

• Incorporated new Process Corrosion Data Sheet 

• PCDS includes data for "Leach" and "No Leach." "Leach" refers to the process of adding caustic to HLW 
feed to dissolve aluminum 

• Added Section p -- Inadvertent Addition of Nitric Acid 

• Updated References and Bibliography 

There are no outstanding change documents associated with this modification. 

WAC 173-303-830 Modification Class: I Class 1 I Class 11 I Class 2 I Class 3 

Please mark the Modification Class: I I X I I 
Enter relevant WAC 173-303-830, Appendix I Modification citation number: 
Enter wording of WAC 173-303-830, Appendix I Modification citation: 
In accordance with WAC 173-303-830(4)(d)(i), this modification notification is requested to be reviewed and approved as a 
Class 11 modification. WAC 173-303-830(4)(d)(ii){A) states, "Class 1 modifications apply to minor changes that keep the 
permit current with routine changes to the facility or its operation. These changes do not substantially alter the permit 
conditions or reduce the capacity of the facility to protect human health or the environment. In the case of Class 1 
modifications, the director may require prior approval." 

Modification 
Approved/Concur: 

Reason for denial: 

D Yes D Denied (state reason below) 

24590-SENV-F00Ol l Rev 20 (Revised 9/9/2009) 

Reviewed by Ecology: 

Kelly Elsethagen Date 

Ref: 24590-WTP-GPP-SENV-010 



24590-LA W-NlD-LFP-00004 
Rev.2 

CORROSION EVALUATION 

LFP-VSL-00001 & LFP-VSL-00003 (LAW) 
Melter 1 & 2 Feed Preparation Vessels 
• Design Temperature (°F) (max/min): 150/40 
• Design Pressure (psig) (max/min): 15/FV 
• Location : process cell 

ISSUED BY 
RPP-WTPPOC 

Offspring items 
LFP-AGT-00001 , LFP-AGT-00003 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

Operating Modes Considered: 
• The vessel is filled with waste at up to ! 50°F. 
• The vessel will be washed with demineralized water. 

Assumptions: 
• No steam ejector 
• There will be no acid used in LAW systems (based on information from T Anderson) 

Materials Considered: 
Material Relative Acceptable Unacceptable 

(UNS No,) Cost Material Material 
Carbon Steel 0.23 X 
304L (S30403) 1.00 X 
316L (S3 !603) 1.1 8 X 
6% Mo (N08367/N08926) 7.64 X 
Alloy 22 (N06022) 11.4 X 
Ti-2 (R50400) IO.I X 

Recommended Material: Vessels: 316 (max 0.030%C; dual certified) 
Agitator: Stellite 712, or equivalent 

Recommended Corrosion Allowance: 0.04 inch (includes 0.00 inch erosion allowance) 
0.125 inch required on bottom head and shell 
(includes erosion and corrosion) 

Process & Operations Limitations: 
• Develop rinsing/flushing procedure. 
• Do not allow untreated process water to remain stagnant in the vessel without approval by Materials Specialist. 

2 

Remove LFP-VSL-00002/4 to another CE 
Incorporate new PCDS 

Update Section j -- Erosion 
Add Section p - Inadvertent Addition of 

Nitric Acid 

Please note that source, special nuclear, and byproduct materials, 
as defined in the Atomic Energy Act of 1954 (AEA) are regulated 
at the U. S. Department of Energy (DOE) faci lities exclusively by 
DOE acting pursuant to its AEA authority. DOE asserts that 
pursuant to AEA, it has sole and exclusive responsibil ity and 
aulhority to regulate source, special nuclear, and byproduct 
materials at DOE-owned nuclear facili ties. Information contained 
herein on radionuclides is provided for process description 
purposes only. 

Concurrence TD 
Operations 

NA 

Revise a itator materials recommendation DLAdler JRDivine APRan s 

REV DATE REASON FOR REVJSION PREPARER CHECKER MET APPROVER 
Sheet: l of7 10 August 2004 
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24590-LA W-NlD-LFP-00004 
Rev.2 

CORROSION EVALUATION 

REVISION HISTORY 
Update design 

temp/pressure/assoc. items 
Update vessel number and 

descriptions 
Eliminate Stellite overlay 

I 7/23/03 recommendation NA 
Revise CA recommendation 

Remove reference to open issues 
Re-fonnat references 

Append updated MSDS 
Add DWP note DLAdler HMKraffi APRangus 

0 7/8/02 Initial Issue DLAdler JRDivine ss SMKirk 

REV DATE REASON FOR REVISION PREPARER CHECKER MET APPROVER 

LFP-VSL-0000 1 & LFP-VSL-00003: Sheet:2 of7 10 August 2004 



CORROSION EVALUATION 

Corrosion Considerations: 

24590-LA W-NlD-LFP-00004 
Rev. 2 

LAW concentrate will be mixed with glass formers and sucrose in these vessels. Mechanical agitators are present in vessel 

for blending. A gitators are maintainable and replaceable. 

a General Corrosion 
Hamner (1981) hsts a corrosion rate for 304 (and 304L) in NaOH ofless than 20 mpy (500 µm/y ) at 77°F and over 20 rnpy at 122°F. He 
also states 316 (and 316L) has a rate of less than 2 mpy m 50% NaOH at temperatures up to l 22°F Dillon (2000) and Sedriks (1996) both 
state that the 300 series alloys are acceptable in up to 50% NaOH at temperatures up to about 122°F or slightly above. Similar results were 
observed by Edgemon et al ( ! 995) for the 242-A Evaporator at Hanford. 

In this system, the normal pH, nitrate concentratlOns and temperatures are such that 304L and 31 6L stainless steels will be acceptable. 

Concluszon : 
304L or 316L 1s expected to be sufficiently resistant to the waste solution with a probable general corrosion rate of less than I mpy. 

b Pitting Corrosion 
Chloride is known to cause pitting of stamless steels and related alloys in acid and neutral solutions Dillon (2000) is of the opinion that m 
alkalme solutions, pH> 12, chlorides are likely to promote pitting only in tight crevices such as might form after partial removal of deposits 
during multiple rinse cycles. Dillon and Koch (1995) are both of the opinion that fluonde will have little effect in an alkaline media. 
Edgemon et al (1995) d1d not observe pitting in the 242-A Evaporator but the chloride concentrations were only about 0.2% of those m this 
system. 

Nominal operating temperature is 122°F with a range of77 to 150°F. At these temperatures, 304L or 3 I 6L stamless steels would be 
acceptable m the proposed alkaline-nitrate waste in the absence of concentrating effects. 

If the vessel were filled with process water and left stagnant, there would be a tendency to pit. The time to initiate would depend on the 
source of the water, being shorter for filtered nver water and longer for DIW. Pitting has been observed m both cases, and is likely because 
residual chlorides are likely to remain . 

Conclusion : 
Locali zed corrosion, such as chloride induced pitting, is common but can be mitigated using alloys with higher nickel and molybdenum 
contents . Based on the expected operating conditions, 316L is expected to be satisfactory. 

c End Grain Corrosion 
End grain corrosion only occurs m metal with exposed end grams and in highly oxidizing acid conditions 

Conclusion : 
Not applicable to this system. 

d Stress Corrosion Cracking 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this 1s because the amount varies with 
temperature, metal sensitization, the environment and also because chloride tends to concentrate under heat transfer conditions, by 
evaporation, and electrochemically during a corrosion process. Hence, even as little as IO ppm can lead to cracking under some conditions. 
Generally, as seen in Sedriks (1996) and Davis (1987), chloride stress corrosion crackmg does not usually occur below about 140°F. With 
the proposed temperatures, either 304L or 3 l 6L is acceptable. No cracking has been observed in similar waste (Zapp, 1998) at temperatures 
to about 266°F. 

Conclusion: 
At the normal operating condttions 304L and 316L stainless are both acceptable, although 3 l 6L is recommended. 

e Crevice Corrosion 
At the proposed operating conditions, 316L is the mm1mum recommended. See Pitting. 

Conclusion : 
See Pitting. 

f Corrosion at Welds 
Corrosion at welds ts not considered a problem in the proposed environment. 

Conclusion : 
Weld corrosion is not considered a problem for this system under the stated operating conditions. 

g Microbiologically Induced Corrosion (MIC) 
The normal operating conditions are not conducive to microbial growth. 

Conclusion : 
MIC is not considered a problem. 

LFP-VSL -000 0 1 & LF P-VSL-00003 : Sheet:3 of7 IO Aug ust 2004 



CORROSION EVALUATION 
h Fatigue/Corrosion Fatigue 
Corrosion fatigue does not appear to be a concern 

Conclusions 
Not expected to be a concern. 

i Vapor Phase Corrosion 

24590-LA W-NlD-LFP-00004 
Rev.2 

Vapor phase corrosion will be a function of the degree of agitation, solution chemistry, and temperature. Under the stated, conditions, and 
assuming agitation, 316L will be required . 

Conclusion: 
Not expected to be a concern. 

j Erosion 
Veloc1t1es at the walls and bottom of the vessels are expected to be below l 0 f/s. The wear of the vessel bottom and wall due to both 
erosion and corros10n is expected to be below 0.125 mch of 3 l 6L stainless steel based on 24590-WTP-M0E-50-00002. 

Conclusion: 
A minimum corrosion allowance on the bottom head and shell of 0.125 inch is recommended. Agitator blades should be Stellite 712. 
Ultimet is acceptable 1f the agitator design takes into consideration Ultimet's higher wear rate. 

k Galling of Moving Surfaces 
Not applicable. 

Conclusion: 
Not applicable. 

I Fretting/Wear 
No contacting surfaces expected. 

Conclusion: 
Not applicable. 

m Galvanic Corrosion 
No significantly dissimilar metals are present 

Conclusion: 
Not expected to be a concern. 

n Cavitation 
None expected. 

Conclusion: 
Not believed to be of concern. 

o Creep 
The temperatures are too low to be a concern. 

Conclusion: 
Not applicable. 

p Inadvertent Nitric Acid Addition 
At this time, the design does not provide for the presence ofnitnc acid reagent in this system. 

Conclusion: 
Not apphcable . 

LFP-VSL-00001 & LFP-VSL-00003: Sheet:4 of7 IO August 2004 



24590-LA W-NlD-LFP-00004 
Rev. 2 

CORROSION EVALUATION 

References: 
1. 24590-WTP-M0E-50-00002, Increases the Wear Rate of Vessels Containing Glass Formers to Account for the Increased Velocities 

Along the Bottom Head Wall and to Account/or Perpendicular Flow Against the Bollom Head and Wall 
2. 24590-WTP-RPT•PR--04-0001, Rev. 8, WTP Process Corrosion Data 
3. Davis, JR (Ed), 1987, Corrosion, Vol 13, In "Metals Handbook", ASM International, Metals Park, OH 44073 
4 . Dillon, CP (Nickel Development Institute), Personal Commumcation to J R Divine (ChemMet, Ltd., PC), 3 Feb 2000. 
5. Edgemon, GL and RP Anantatmula, 1995, Hanford Waste Tank Degradation Mechanisms, WHC-SD-WM-ER--414, Rev 0a, Lnckheed 

Martin Hanford corporation, Richland, WA 99352 
6. Hamner, NE, 1981, Corrosion Data Survey, Metals Section, 5th Ed, NACE International, Houston, TX 77218 
7. Koch, GH, 1995, Localized Corrosion in Halides Other Than Chlorides , MT! Pub No. 41, Materials Technology Institute of the 

Chemical Process Industries, Inc, St Louis, MO 63141 
8. Sedriks, AJ, 1996, Corrosion of Stainless Steels, John Wiley & Sons, Inc. , New York, NY 10158 
9. Zapp, PE, 1998, Preliminary assessment of Evaporator Materials of Construction, BNF--003-98--0029, Rev 0, Westinghouse 

Savannah River Co., Inc for BNFL Inc 

Bibliography: 
I . Agarwal, DC, Nickel and Nickel alloys, In : Rcvic, WW, 2000. Uhlig's Corrosion Handbook, 2nd Edition, Wiley-lnter.;ciencc, New 

York, NY 10158 
2. Anderson, TD, 21 December 2000, to JR Divine: No provision for adding nitric or other acid. 
3. Davis, JR (Ed), 1994, Stainless Steels, In ASM Metals Handbook, ASM International , Metals Park, OH 44073 
4. Jones, RH (Ed.), 1992, Stress-Corrosion Cracking, ASM International, Metals Park, OH 44073 
5. Miles RE, 2001 , Telecon to JR Divine, LAW and HLW Gamma Radiation Exposures Estimates, RPP-WTP, Richland, WA 99352 
6. Ohl, PC to PG Johnson, Internal Memo, Westinghouse Hanford Co, Techmcal Bases for Cl- and pH Limits for Liquid Waste Tank 

Cars, MA: PCO:90/0 I, January 16, 1990. 
7. Uhlig, HH, 1948, Corrosion Handbook, John Wiley & Sons, New York, NY 10158 
8. Van Delinder, LS (Ed), 1984, Corrosion Basics, NACE International, Houston, TX 77084 
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CORROSION EVALUATION 

24590-LA W-NlD-LFP-00004 
Rev. 2 

24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

PROCESS CORROSION DATA SHEET 

Component(s) (Name/ID#) Melter 1 & 2 feed prep vessel (LFP-VSL-00001, LFP-VSL-00003) 

Facility LAW 

In Black Cell? No 

Chemicals Untt1 
Contract Maximum Non-Routine Notes 
Leech No leach Leach No Leach 

Aluminum t1n 4.10E+01 3.84E+01 

Chlorlde gn 1.84E+01 2.00E+ot 

Fluoride all 1.84E+01 2.01E•01 

Iron all 2.84E+OO 2.90E+OO 

Nitrate all 2.73E• 02 2.89E+02 

Nitrite an 8.22E+o1 8.93E+0I 

Phosphate !Ill 5.93E+01 6.JOE+01 

Sulfate a.II 3.1BE+01 3.431;+01 

Mercury a.II 9.46E-02 3.16E-02 

Carbonate Q/1 1.29E+-02 1.11E+-02 

Undt55otved 1ollds wt% 43.9% -43.3% 
Other (Pb) a.II 11.sge-01 2.94E-02 

Other a.II 

IPH NIA ~2 

Temperature "F Nola 3, Note 4 

List of Organic Species: 

R1tferences 
~tom Desainnrn: 2'45QO.U.W.JYO-I.FP-00001 Rev 0 
Masa Balance Oocunent 2-4590-WTP•M4C-V I 1HI0005 Rev A 
Noone! tnovt Strwm #: TCP03/LCP01 LFPOO 
Off Nom,a) Input $111111m # le.a. CMlfilo,v from ()lt,er 119Sle!St NIA 
Pt.ID: 24500-\.AW-"'6-LFP-00001 , 24500{.AW-M6-LFP-00003 Rev I 
PF0: 24590-LA W-M&-V1TT--00001 -00002 Rl!II 4 
ITecnrical Reporis. NIA 

Notes; 
I Ccr,caroalkn; less It-an 1x 10~ g/1 do rd r-i to be repo1ed; list values to l'M'.I sigrlficant ogts nm. 

12. pH 13.9 to 14.7 (2'500-WT?-M4C-V11T-00005, Rev A) 
13. T cperallai TT "F to 150 ·F, T nc,,nl 122 °F{24~W-MVC-tFP-00001 , Rev C) 
4. The 150 F II maximum temperetura frm, prall981l'nel't and no addllional oeslg, margin lS ~ -

Assumptions: 

LFP-VSL-00001 & LFP-VSL-00003 : Sheet:6 of7 IO August 2004 



24590-LA W-NlD-LFP-00004 
Rev. 2 

CORROSION EVALUATION 

24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

6.2.1 Melter 1 and Melter 2 Feed Preparation. Vessels (LFP-VSL-00001 and LFP-VSL-
00003) 

Routine Operations 

The melter feed preparation \TeSSels (MFPVs) (LFP-VSL--00001 and LFP-VSL-00003) nre designed for 
mixing LAW concentrate with glass formers and sucro~. 1be MFPVs are sized to make up melter feed 
batches that will feed 1lte melt.et for a minimum of 16 hours when tbe melters are operating at a glass 
production rate of 15 I/day/melter. Supporting equipment includes: 

• One mechanical agitator 
• Vertical pumps 

• Pressure indicator 

• Density indicator 

• Liquid level indicators 

• T 1:1mpcra:ture indicator 
• R~tary cleaning jets fur periodic wash--0own 

• Overflow line to C3/C5 drains/sump collection vessel (Rl.D-VSL-00004) 

The agi1ators ,1,111 blend the glass formers and concentrate to a homo,gcneity criteria that ensures the final 
product wi11 meet quali fication requirements. 

The agitators and pumps are expected to require maintenance and/or replacement during the life of the 
plant. The wet process ce11 is design.ea to allow for :replacement of the vessels (not expected), agitators. 
and pumps. 

Each 11FPV interfaces with autosampling system. Before a sample is taken, the concentrate or melter 
feed will be pumped through a sample circulation loop. The sampler will pull n portion of the process 
stream after a specified duration. of circulating the fluids. 

Non-Routine Operations that Could Affect CorrosJoJIIErosion 

• Over.flows to RLD-VSL..00004 

• Washing required on failure of agitator 

LFP-VSL-00001 & LFP-VSL-00003: Sheet:? of? IO August 2004 



24590-LA W-NlD-LFP-00006 
Rev.O 

CORROSION EVALUATION 

LFP-VSL-00002 & LFP-VSL-00004 (LAW) 
Melter 1 & 2 Feed Vessels 
• Design Temperature {°F) (max/min): 150/40 
• Design Pressure (psig) (max/min): 15/FV 
• Location: process cell 

Offspring items 
LFP-AGT--00002, LFP-AGT--00004 
LFP-PMP-00007- LFP-PMP-00018 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

Operating Modes Considered: 
• The vessel is filled with waste at up to 150°F 
• The vessel will be washed with demineralized water 

Assumptions: 
• No steam ejector 
• There will be no acid used in LAW systems (based on information from T Anderson) 

Materials Considered: 
Material Relative Acceptable Unacceptable 

(UNS No,) Cost Material Material 
Carbon Steel 0.23 X 
304L (S30403) 1.00 X 
316L (S31603) 1.18 X 
6% Mo (N08367/N08926) 7.64 X 
Alloy 22 (N06022) 11.4 X 
Ti-2 (R50400) IO.I X 

Recommended Material: Vessels: 316 (max 0.030%C; dual certified) 
Agitator: Stellite 712 or equivalent 

Recommended Corrosion Allowance: 0.04 inch (includes 0.00 inch erosion allowance) 
0 .125 inch required on bottom head and shell 
(includes erosion and corrosion) 

Process & Operations Limitations: 
• Develop rinsing/flushing procedure. 
• Do not allow untreated process water to remain stagnant in the vessel without approval by Materials Specialist. 

Concurrence TD 
Operations 

"% 
Initial Issue 

Vessels removed from 24590- O;)~ 0 
~]' LA W-N !D-LFP-00006 due to ~ 

new Process Corrosion data \) APRan s 
REV DATE REASON FOR REVISION CHECKER MET APPROVER 

Sheet: 1 of6 IO August 2004 



CORROSION EVALUATION 

Corrosion Considerations: 

24590-LA W-NlD-LFP-00006 
Rev. 0 

LFP-VSL-00002 and LFP-VSL-00004 receive blended melter feed consisting of LAW and glass formers. Mechanical 
agitators are present in vessel for blending. Agitators are maintainable and replaceable 

a General Corrosion 
Hanmer (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 µm/y) at 77°F and over 20 mpy at 122°F He 
also states 316 (and 3 I 6L) has a rate of less than 2 mpy m 50% Na OH at temperatures up to I 22°F. Dillon (2000) and Sedriks (1996) both 
state that the 300 series alloys are acceptable in up to 50% NaOH at temperatures up to about 122°F or shghtly above. Similar results were 
observed by Edgemon et al (1995) for the 242-A Evaporator at Hanford. Recent testing at PNNL (2004) showed corrosion rates of Stelhte 
12 and 712, Ultimate and 316L to be less than 1 mpy. 

In this system, the normal pH, mtrate concentrahons and temperatures are such that 304L and 316L stainless steels will be acceptable 

Conclusion : 
304L, 3 l 6L, Ultimet, and Stellite 12 and 712 are expected to be sufficiently resistant to the waste solullon with a probable general corros10n 
rate ofless than 1 mpy. 

b Pitting Corrosion 
Chloride is known to cause pitting of stamless steels and related alloys in acid and neutral solullons. Dillon (2000) 1s of the opmion that in 
alkalme solullons, pH> 12, chlorides are likely to promote pitting only in tight crevices such as might form after partial removal of deposits 
during multiple rinse cycles. Dillon and Koch (1995) are both of the opinion that fluonde will have httle effect in an alkaline media 
Edgemon et al (1995) did not observe pltl1Dg ID the 242-A Evaporator but the chlonde concentrations were only about 0.2% of those ID this 
system. 

Nominal operatmg temperature is 122°F with a range of77 to 150°F. At this temperature, 304Lor 3!6L stainless steels would be 
acceptable in the proposed alkaline-nitrate waste in the absence of concentratmg effects 

If the vessel were filled with process water and left stagnant, there would be a tendency to pit. The time to initiate would depend on the 
source of the water, being shorter for filtered river water and longer for DJW. Pitting has been observed in both cases, and is likely because 
residual chlorides are likely to remain. 

Conclusion: 
Localized corrosion, such as chloride induced pitting, is common but can be mitigated us1Dg alloys with higher nickel and molybdenum 
contents. Based on the expected operatmg conditions, 3 l 6L is expected to be satisfactory 

c End Grain Corrosion 
End gram corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions. 

Conclusion : 
Not apphcable to this system. 

d Stress Corrosion Cracking 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with 
temperature, metal sensitization, the environment and also because chlonde tends to concentrate under heat transfer conditions, by 
evaporation, and electrochemically during a corrosion process. Hence, even as little as IO ppm can lead to cracking under some cond1t1ons 
Generally, as seen in Sedriks (1996) and Davis (1987), chloride stress corrosion cracking does not usually occur below about 140°F With 
the proposed temperatures, either 304L or 316L 1s acceptable. No cracking has been observed m strnilar waste (Zapp, 1998) at temperatures 
to about 266°F. 

Conclusion: 
At the normal operatmg conditions 304L and 3 J 6L stamless are acceptable, although 3 l 6L is recommended. 

e Crevice Corrosion 
At the proposed operating conditions, 3 J 6L 1s the mm1mum recommended. See P1ttmg. 

Conclusion: 
See Pitting. 

f Corrosion at Welds 
Corrosion at welds is not considered a problem m the proposed environment. 

Conclusion: 
Weld corrosion is not considered a problem for thts system under the stated operating conditions 
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g Microbiologically Induced Corrosion (MIC) 
The normal operating conditions are not conducive to microbial growth. 

Conclusion: 
MIC is not considered a problem. 

h Fatigue/Corrosion Fatigue 
Corrosion fatigue does not appear to be a concern. 

Conclusions 
Not expected to be a concern . 

i Vapor Phase Corrosion 

24590-LA W-NlD-LFP-00006 
Rev. 0 

Vapor phase corrosion will be a function of the degree of agitation, solutton chemistry, and temperature. Under the stated, conditions, and 
assuming agitation, 3 l 6L will be required . 

Conclusion: 
Not expected to be a concern. 

j Erosion 
Velocities at the walls and bottom of the vessels are expected to be below 10 f/s. The wear of the vessel bottom and wall due to both 
erosion and corrosion is expected to be below 0.125 inch of 3 l 6L stainless steel based on 24590-WfP-M0E-50--00002. 

Conclusion: 
A minimum corrosion allowance on the bonom head and shell of 0.125 inch is recommended. Agitator blades should be Stellite 712. 
Ultimet is acceptable 1f the agitator design takes into consideration Ultimet's higher wear rate. 

k Galling of Moving Surfaces 
Not applicable. 

Conclusion : 
Not applicable. 

I Fretting/Wear 
No contacting surfaces expected. 

Conclusion : 
Not applicable. 

m Galvanic Corrosion 
No significantly dissimilar metals are present. 

Conclusion : 
Not expected to be a concern. 

n Cavitation 
None expected. 

Conclusion: 
Not believed to be of concern. 

o Creep 
The temperatures are too low to be a concern. 

Conclusion: 
Not applicable. 

p Inadvertent Nitric Acid Addition 
At this time, the design does not provide for the presence of mtric acid reagent in this system. 

Conclusion: 
Not applicable. 
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24590-WTP-RPT-PR-04-0001 , Rev. B 
WTP Process Corrosion Data 

PROCESS CORROSION DATA SHEET 

Component(s) (Name/ID#) Metter 1& 2 feed vessel (LFP-VSL-00002, LFP-VSL--00004) 

Facility LAW 

In Black Cell? No 

Chemicals Unlt1 Contract Maximum Non-Routine Notes 
Leach No leach Leach No Leach 

Aluminum Q/1 4. I0E+01 3.ME+-01 

Chloride an 1.18E+DI 1.29E+-O I 

Fluoride all l .18E+01 l .30E+o1 

Iron gn , .s2E+OO 1.ll7E"()0 

Nitrate a/I 1.75E+D2 I .86E+-02 

Nltrlt• en 5.26E+0I 5 .75E"()I 

Phosphate a/I 3.80E+01 4.06E+-O I 

Sulfate un 2.03E+01 2.21E+-01 

Mercury a/I 6.19E-01 2.03E--02 

Carbonate wl 8.41E+01 7.12E+-01 

Undissolved sollds wt% 44% 43% 

Other(Pb} !Iii 4.50E-01 2.8:lE--02 

Other g/1 

IDH NIA Note 2 

Temoerature "F NOie 3, Note 4 

List of Organic Species: 

References 
S'/Stem DescriPDon: 24590-l.>IW-3YD{.FP-00001 , Rev 0 
M.>5s Balance Document: 245110-WTP-M4C-Vl H -00005, R..., A 
NMn8I tnoot Stream #: LFPOo 
Ott Normal lllPLC Stream# (a.a. CM!rflow Imm Olher \/l!Ssela): NIA 
P&IO: 24500-U.W-MS-!.FP-00001 2'590-LAW-MS-!.FP-00003 Rev 1 
Pf"O: 24590-lAW-M!;-V17T-<XXl01 ~ Rev4 
Tectnical Report5: N/A 

Notes: 
l . Cmcmtralkn; 18ss then 1x 1<f' ~ do not need to be reporta<I; list V8k>e$ to two slQr'lflcanl cigts max. 
2. pH 13.9 to 14.7 (24590-WTP-M4C-V1 1T--00Cl06, Rev A) 
3. T ope,,1 tlon 77 "Flo 160 "F, T nominal 122 "F (2"500-I.AW-MVCU:P-00001, R611 C) 
4. The 150 F Is mamum temperal\n fn:m pn,treatment and no eddi(Jonal dasq1 margin 1S teQUred. 

A"umptions: 
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24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

6.2.2 M,eltet l and Melter 2 Feed Ve.tsels (LFP-YSL-00002 and LFP-VSL-60004) 

Routine Operations 

The melter feed vessels (MFVs) (LFP-VSL-00002 and LFP-VSL-00004) receiye blended melter feed, 
consisting of LAW and glass formers. from the MFPVs. Eacb MFV, like each MFPV, is s.iwJ to supply 
melter f eoo fur 16 hours of operation to a melter operating at a gloss production rate of 15 t/day/melter~ 
Each MFV is equipped with the following! 

• One mechanical agitator with current 
• Air displacement sl.urry (ADS) pumps to ·transfer feed to the corresponding LAW melter 

• One vertical pump 
• Liquid level indicators and control 

• Density mdica«>r 

• Pressure indicator 

• Temperature indicator 

• Rotary vessel cleaning jets fur periodic vessel washdown 

• Overflow lint to the corresponding MFPV 

The agitators will blend the :glass formers and concentrate to a homogeneity criteria that ens.ures ti'l.lt the 
final product will meet qualification requirements. 

The ag,itatori; and pumps are expected to require maintf!Il.W1ce and/or replacement dudng the life of the 
plant. The wet process cell is designed to allow for replacement of the vessels (not expected) agitators, 
and pumps. 

The ADS Pump, lines, and nozzles are water flushed onc-e every 2 to 4 hours, after every pump shutdown 
and bef:ore initiation of feed to the melter. Flush water is transferred directly to melter. 

The agitators and pumpi are expected to f-ail within the liietlme of the plant. Th.e facility is designed to 
a)Jow for replacement ofagitlltorS and pumps. ADS pumps were selected for their few moving parts to 
minimize maintenance. The lines from the ADS pumps to th.c melter arc flex..ilile hoses designed to resist 
effects ofthennal stress and di$tnrtions. 

Each MFV interfaces with autos;rmp1ing system ASX·:SMPLER.-00011 (24590-LA W •M6-ASX-OO00I). 
Bel'ore a sample is talccn, the meher feed is p~mped through e sample circulation loop. The sampler will 
pull a portion ofth.e proce$$ stream from the circulation loop. 

Non-Rouiine Operations that Colll.d Affect Corros10n/Erosion 

• O\rerf1owsto LFP-VSL-0O001 or LFP-VSL-00003 
• Washing required on failure of agitator 
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CORROSION EVALUATION 

LOP-WESP-00001 & LOP-WESP-00002 (LAW) 
Melter 1 and Melter 2 Wet Electrostatic Precipitator (WESP) 
• Design Temperature (°F)(max/min): 170/45 
• Design Pressure (psigXmax/min): -1 /+I 
• Location: incell 

ISSUED BY 
RPP-WTPPDC 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

Operating Modes Considered: 
• The vessel is at stated pH and at minimum stated temperature, l 22°F 
• The vessel is at stated pH and at maximum stated temperature, 170"F 

Materials Considered: 

Material Relative Acceptable Unacceptable 
(UNS No.) Cost Material Material 

Carbon Steel 0.23 X 
304L (S30403) 1.00 X 
3 l6L (S31603) 1.18 X 
6% Mo (N08367/N08926) 7.64 X 
Alloy 22 (N06022) 11.4 X 
Ti-2 (R50400) JO.I X 

Recommended Material: UNS N08367 

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion 
allowance and 0.004 inch erosion allowance) 

Process & Operations Limitations: 
• Develop a rinse/flush procedure 
• Develop a lay-up strategy 

Concurrence DMB -------
/ Operations 

,I 

3 -0;/qs-- Update wear allowance based on (~ .X.nivine 
NA (j~""t" 24590-WTP-RPT-M-04-0008 APR-1gus 

Incorporate new PCDS 
2 8/ 11/04 Add section p - Inadvertent NA 

Addition ofNitric Acid DLAdler JRDivine APRangus 
Update quantity 

Update equipment description 
Update design temp/pressure 

l 1/29/04 Re-fonnat references APR 
Remove reference to open issues 

Append updated MSDS 
Add DWP note DLAdler JRDivine APRangus 

0 1/29/02 Initial Issue JRDivine DLAdler NA BPosta 
REV DATE REASON FOR REVISION PREPARER CHECKER MET APPROVER 
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Corrosion Considerations: 

24590-LA W-NlD-LOP-00003 
Rev.3 

The WESPs provide further removal of aerosols from the offgas after initial aerosol and soluble gas removal in the SBS. 
Spray wash rings are available for washdown when required. Process air is used to keep the conductors clean and dry. 

a General Corrosion 
Little uniform corrosion is expected for the stated conditions. Either 304L or 3 I 6L would be suitable. 

Conclusion: 
304L or 3 l 6L would be acceptable for the conditions stated. 

b Pitting Corrosion 
Chloride is known to cause pitting in acid and neutral solutions. The normal operating range of temperature for this vessel 1s 122 °F to 
140 °Fat a pH in the range 0.71 to I .57. Data from Phull et al (2000) imply that with these conditions, a 6% Mo alloy or the equivalent will 
be needed at temperatures above 150-F. With the higher temperature, and expected pH below about 6, a more resistant alloy than 304L or 
3 I 6L is required. 

In addition, because of the high electrical potentials involved, the environment may be more oxidizmg than is common. Consequently a 
strongly pining resistant alloy is needed. 

Further, there would be a tendency to pit if the vessel were filled with process water and left stagnant. The time to initiate would depend on 
the source of the water, being shorter for filtered river water and longer for OIW. Pitting has been observed in both cases, and is likely 
caused by residual chlorides. Pining is less likely for the higher alloys such as a 6% Mo alloy. The use of an alloy with ~ 0.5% Cu 1s 
recommended to minimize the effects of mercury. 

Conclusion: 
Based on the stated operating conditions, 6% Mo is the minimum alloy acceptable. 

c End Grain Corrosion 
End grain corrosion only occurs in high acid conditions. 

Conclusion : 
Not believed likely in this system. 

d Stress Corrosion Crackin1 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with 
temperature, metal sensitization, the environment, and also because chloride tends to concentrate under heat transfer conditions, by 
evaporation, and electrochemically during a corrosion process. Hence, even as little as IO ppm can lead to cracking under some conditions. 
For the normal operating conditions with good flushing, 316L would be satisfactory. However, with the possible off-normal conditions 
where there will be a tt:ndency to concentrate salts, a 6% Mo alloy is recormnended. 

Conclusion: 
For the normal operating environment, 3 I 6L is satisfactory. However, off normal conditions dictate the necessity for a more resistant alloy 
such as a 6% Mo. 

e Crevice Corrosion 
WESPs are known to accumulate solid deposits. Because the solids will probably contain halides, crevice corrosion will be likely. A 6% 
Mo is recommended. Also see pitting. 

Conclusion : 
A 6% Mo should be used . 

f Corrosion at Welds 
Weld corrosion is not expected to be a problem. 

Conclusion: 
Weld corrosion is not believed to be a problem for this system. 

g Mlcrobiologically Induced Corrosion (Mlq 
The proposed operating conditions are not conducive to microbial growth - the average operating temperature is approximately correct but 
the pH is too acid. 

Conclusion: 
MIC is not considered a problem. 
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h Fatigue/Corrosion Fatigue 
Corrosion fatigue is not a concern in a properly designed unit. 

Conclusions 
Not expected to be a concern. 

i Vapor Phase Corrosion 

24590-LA W-NlD-LOP-00003 
Rev.3 

The vapor phase portion of the vessel is expected to be contacted with particles of waste from splashing. 

Conclusion: 
Not expected to be a concern. 

j Erosion 
Velocities are expected to be low. Erosion allowance of 0.004 inch for components with low solids content (< 2 wt%) at low velocities is 
based on 24590-WTP-RPT-M--04-0008. 

Conclusion: 
Not expected to be a concern. 

k Galling of Moving Surfaces 
Not applicable. 

Conclusion : 
Not applicable. 

I Fretting/Wear 
No mctaVmetal contacting surfaces expected. 

Conclusion: 
Not expected to be a concern. 

m Galvanic Corrosion 
No dissimilar metals are present. 

Conclusion : 
Not expected to be a concern. 

n Cavitation 
None expected. 

Conclusion : 
Not believed to be of concern. 

o Creep 
The temperatures are too low to be a concern. 

Conclusion : 
Not applicable. 

p Inadvertent Addition of Nitric Acid 
This equipment normally operates at low pH. 

Conclusion : 
Not applicable. 
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24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

Component(s) (Name/ID#) 

PROCESS CORROSION DATA SHEET 

WESP (LOP-WESP-00001 , LOP-WESP-00002) 

Facility LAW 

In Black Cell? No 

Chemicals Unit1 Contract Maximum Non-Routine 
leach No leach Leach No Lead'! 

Aluminum g/1 6.57E-03 6.97E-03 

Chloride gll 7.10E-01 7.151:-01 

Fluoride 1111 OBE-01 5.ME-01 

Iron 1111 1.39E-03 1.•1E-03 

Nitrate ~ 2.35E+OO 1.96E+OO 

Nitrite a/1 
Phosohate a/1 

Sulfate 11/1 

Mercury a/1 

Carbonate g/1 

Undissolved solids wt% 0.1% 0.1% 

Other (Pb) g/1 •.52E-03 3.00E-04 

Other g/1 

pH NIA 

Temoenrture "F 

List of Organic Specl11: 

References 
$\'Item DMrn<ldon: 2451l(){AW-3YO-LOP.OOOO 1 Rev 0 
Mau Baiera Docunent 24®-WTP-M•C-V11 T-00005. Rr; A 
Normal lrc,u Slrlwn #: LOP07 
IOI! Nomlal lnout ~ # Ce.a. overflow from ~her ""'seh} 
P&IO: 24500-l.AW-M&-LOP.OOOOI, 2'500-LAW-MIHOP-00002 Rev 1 
PFO: 24000-l.AW-M[>.V1 TT-00007 -00008 Rev. 4 
rr eclrical Rapat5: 

Notes: 
, . Calcentraticr& 111M than 1x 10• pl! do not need to be repcrted; li51 values to two &igl:liaont ligils max. 

I,. pHapp-a,c. 0.7 110 1.57(24S0-10H SA-'N000-0009-111-02, R8Y 008, pp. T-29 -T31) 

13. T C4)8nllion 122 ' F to 140 'F (245QO.WT!'-M•C-V11T-00005, Rev A ) Tmax 170 'F (2458(}.Wf?-,'!PS-l,l(EO. TtXXl1 ) 

Assumptions: 

LOP-WESP-00001 & LOP -WESP-00002: Sheet:5 of 6 

Notes 

Note 2 

Note 3 

9 February 2005 



CORROSION EVALUATION 

- ----------

24590-LA W-Nl D-LOP-00003 
Rev. 3 

24590-WTP-RPT-PR-04-0001 , Rev. B 
WTP Process Corrosion Data 

6.3.2 Wet Electrostatic Precipltators (LOP-WESP~OO00l~) 

Routine Operations 

Aftc:r initial aerosol and soluble gas removal iJi the SBS is routed to the wet electrostatic prccipitat.or 
(LOP-WESP--00001/2) for further removal of .aerosols. Each melter system has a dedicate,d WESP. 

The off gas enters the wit and passes through o. distribution p1ate. The evenly distributed saturated gas 
then flows upward through the tubes of the WESP. The tubes act as positive electrodes. Each tube also 
hbs a single negatively charged electrode that runs. down the center of the tube. A high voltage 
transformer/rectifier supplies the power to these elcc1rodes. A strong electric field is generated along the 
electrode, giving a negative charge to aerosols as they pass through the tribes. The negatively charged 
aerosols move towards the positively charged tube wuJls and are intercepted. The inlet is also provided 
with an inlet spray to (::nhance run.down and cleaning. The ccmdensate then drains into the C3/CS 
drain/sump collection veS9el (RLD-VSLM>004). Each WBSP is equipped with a spray wash ring for 
washdown when required 

Process air is added througb the elecirical ducts to keep the conductors clean and dry. Downstream of the 
WESPs, the individual offsas lines and the vessel vent header join. 

Non-Routine Operations that Could Affect Corrosioll/Eroslon 

• Lou of electrical power - Loss of power, whether off.site or in the WESP electrical system, causes 
the system to pass particulates, therefore loading the HEP A filters faster. The meJter is idled until 
power is restored 

• Lon of o•e oc mon decinld.M - Loss of one or more electrodes results in lowered equipment 
efficiency, causing a more rapid HEPA loading. To correct the problem, the melter is idJod and the 
maintenance bypa&S is used until repairs are made on the WESP. If decreased efficiency is not 
significant, maintc:nanoc is perfmmed at the next melter changcout. 
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L VP-TK-00001 (LAW) 
CAUSTIC COLLECTION TANK 
• Design Temperature (°F)(max/min): 180/50 

• Design Pressure (psig): per Code 

• Locati on : outcell 

ISSUEDFf( 
RPP..WTP PDC 

\II\ 1\11111\1 \I\ Ill\\\\\\\ 
R10526392 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

Materials Considered: 

Material Relative Acceptable Unacceptable 
(UNS No.) Cost Material Material 

Carbon Steel 0.23 X 
304L (S30403) 1.00 X 
31 6L (S31603) 1.18 X 
6% Mo (N08367/N08926) 7.64 X 
Alloy 22 (N06022) 11.4 X 
Ti-2 (R50400) JO.I X 

Recommended Material: 316 (max 0.030% C; dual certified) 

Recommended Corrosion Allowance: 0.04 inch (includes 0.024 inch corrosion 
allowance and 0.004 inch erosion allowance) 

Process & Operations Limitations: 
• None 

Concurrence DMB 
Operations 

2 ~ Update wear allowance based on NA ~ 24590-WTP-RPT-M-04-0008 APRan s 
Change item number from VSL to TK 

Correct description 
Update design temp/pressure 

7/8/04 
Incorporate new PCDS 

APR 
Information regarding inadvertent 

nitric acid addition 
Re-format references 

Add DWP note DLAdler JRDivine APRan us 
0 3/6/02 Initial Issue JRDivine DLAdler NA SKirk 

REV DATE REASON FOR REVISION PREPARER CHECKER MET APPROVER 
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CORROSION EVALUATION 

Corrosion Considerations: 

24590-LA W-NlD-L VP-00002 
Rev.2 

The tank receives scrubbing liquid from L VP-SCB-0000 I. It will operate at about 140 to 150 °F and range in pH from 7 to 
12 with a nominal value of 9. 

a General Corrosion 
Hamner (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 rnpy (500 µm/y) at 77°F and over 20 mpy at 122°F. He 
shows 3 I 6 (and 3 I 6L) has a rate ofless than 2 mpy up to l 22°F and 50% NaOH. Dillon (2000) and Sedriks (1996) both state that the 300 
series arc acceptable in up to 500/4 NaOH at temperatures up to about 122°F or slightly above. Indications arc that in the present system, the 
uniform corrosion rate is negligible. 

Conclusion: 
304L or 316L arc acceptable for use in the stated conditions. 

b Pitting Corrosion 
Chloride is likely to cause pitting in acid and slightly alkaline solutions. Berhardsson et al (1981) suggest that at chloride concentrations of 
a few hundred parts per million, a temperature of l 50°F would compatible with 3 l 6L. At the stated concentrations of 800 to 1900 ppm 
chloride and the given temperatures, pitting will be a strong function of pH. At the nominal pH or 9 or higher, 316L is satisfactory. Should 
the halide concentrations rise above nominal, the pH of the solution will need to be adjusted to at least 12. 

If the solution will remain below about pH 7 for any length of time at 150°F, 6% Mo or better should be used. Phu II et al (2000) note that 
6% Mo is acceptable to about pH 5 and 150°F in high chloride environments . Lower pH values and higher temperatures would require 
Hastelloy C-22 or the equivalent. 

Conclusion: 
Localized corrosion, such as pitting, is a concern. However, 316L is satisfactory for the nominal hahde concentrations, pH and 
temperature and assuming that the pH will be adjusted should the halide concentrations rise above nominal. 

c End Grain Corrosion 
End grain corrosion only occurs in metal with exposed end grams and in highly oxidizing acid conditions. 

Conclusion : 
Not believed likely in this system. 

d Stress Corrosion Cracking 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with 
temperature, metal sensitization, and the environment. But it is also unknown because chloride tends to concentrate under heat transfer 
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as little as IO ppm can lead to cracking under 
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking docs not usually occur below about 
140°F. Berhardsson (1981) suggests that 316L is acceptable under these conditions up to a temperature of about I 50°F. 

Conclusion: 
Under the normal operating environment, 316L is recommended. 

e Crevice Corrosion 
Although crevice corrosion is possible, the same alloy choices as for pitting are acceptable. Also see Pitting. 

Conclusion: 
See Pitting 

f Corrosion at Welds 
Corrosion at welds is not considered a problem in the proposed environment. 

Conclusion: 
Weld corrosion is not considered a problem for this system. 

g Microbiologically Induced Corrosion (MIC) 
Typically, MIC is not encountered in operating systems. 

Conclusion : 
MIC is not considered a problem. 

h Fatigue/Corrosion Fatigue 
Corrosion fatigue is a not expected to be a problem. 

Conclusions 
Not expected to be a concern. 
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i Vapor Phase Corrosion 

24590-LA W-NlD-L VP-00002 
Rev.2 

The vapor phase portion of the vessel is expected to be contacted with particles of waste from splashing. It is unknown whether this will be 
suffic1ently washed or whether residual acids or solids will be present. Because solids or acids and sohds may be pres~!, a 3 l 6L or better 
would be preferred. 

Conclusion: 
Vapor phase corrosion is not a concern. 

j Erosion 
Velocities are expected to be low. Erosion allowance of0.004 mch for components with low solids content(< 2 wt%) at low velocities is 
based on 24590-WTP-RPT-M--04-0008. 

Conclusion : 
Erosion is not a concern. 

k Galling of Moving Surfaces 
Not apphcable. 

Conclusion: 
Not applicable. 

I Fretting/Wear 
No contacting surfaces expected. 

Conclusion: 
Not applicable. 

m Galvanic Corrosion 
No dissimilar metals are present. 

Conclusion: 
Not applicable. 

n Cavitation 
None expected. 

Conclusion : 
Not a concern. 

o Creep 
The temperatures are too low to be a concern. 

Conclusion : 
Not applicable. 

p Inadvertent Nitric Acid Addition 
At this time, nitric acid reagent is not available in this system. 

Conclusion: 
Not applicable. 
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24590-LA W-NlD-LVP-00002 
Rev. 2 

24590-WTP-RPT-PR-04-0001 , Rev. B 
WTP Process Corrosion Data 

PROCESS CORROSION DATA SHEET 

Component(s) (Name/ID#} Caustic Scrubber (LVP-SCB-00001 ), Caustic Collection Tank ( LVP-TK-00001) 

Faclltty LAW 

In Black Call? No 

Chemicals Unlt1 
Contract Maximum Non-Routine Notes 
Leach No li,ach Leach No Leach 

Aluminum o/1 
Chloride g/1 8.64E--01 1.87E.OO 

Fluoride gll 2.21E•OO 4 .78E +OO 

Iron !Iii 
Nitrate !Iii 3.84E•OO 8.28E+OO 

Nitrite g/1 

Phosphate g/1 

Sulfate Q/1 

Mercurv oil 
carbonate o/1 
Undissolved solids wt% 

Other {Pb) ~I\ 

Other nil 

IDH NIA 

Temoerature "F Nole 2 

List of Organic Species: 

References 
S•151em ..,..,.,....,, 2'51lO-lAW-3YD-LDP-00001 Rev 0 
MIISS Balanoe Documon: 2"590-WTP-M<IC-V1 IT~. R8Y A 
No:mal lnout Straam I: LVPl7 
""'Normal 1~• S111111rn • re.a. ~ from CCll6f vesaels t NIA 
P&ID: 245IIO-LAW-M6-LVP-00002 R9110 
PFD: 24.590-l..AW-M!>-V17T-000 11 Rav4 

Tl!dVVcal R&po,tS: NIA 

Notes: 
, . Co,centralloi• lest llw1 1 • 10_. gl1 do nol r-,J 1o be mponlld; 181 values 10 lwo •lgriftCanl dlglt8 n-ex. 
2. Namal lnlo< d!gas tarrpls 560 ' F l!Wmun ir,quench,d lllet oll'gaatempls 1025 'F per 24~W-MKO-LVP-0001 1, R8Y C.: 

c:au<Uc s=-« b1owoown 142 "F to 148 "F (24590-WTP-M4C-V1 H-00005. Rr, A ). 

Assumptions: 

Note 3: Tan k has a nominal pH of9 (24590-LA W-MKE-L YP-00001 ). Shou ld high halides, greater than 0.3 g/1 (CCN 
088587), be detected in the scrubber upstream, the pH will be rai sed to 14. 
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CORROSION EVALUATION 

24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

6.4.9 Ca....tk Scnlbber aud Caustic Collection Tuk.(LVP-SCB-00001, LVP-TK--00001) 

Ro•tine Opcradom 

The ca~tic scrubber (L VP-SCB--00001) further treats the offgas by removing aeid gases such as SOx and 
~- It al&o provides off gas cooling. 

The o.ffgas stream enters the bottom side oftbe scrubbec and flows upward through a pac'-Cd bed. The 
oft'gas nows coontercucrent to the aa-ubbing _liquid, which is introduced through a distnbutur at 1ho top of 
the packed section of the column and flows downward through the packing modi.a. Contaminants in the 
offgas stream are absorocd into the liquid. 

The offgas is cooled 'through. the scrubber by evaporation of scrubbing liquid. and exit!I at nea:r1y 100 ¾ 
relative humidity. 1he 5Cro'bbina' liquid drains into the caustic collection tank (L VP-T.K-0000 l). This 
liquid is recirculated to the top of the column using the caustic scrubber recirculation pumps 
(L VP •PMP..OOOOlAIB) 

Toe ~sel is fitted with radar type liquid level instr:umcntation. Density, l:empm-ature, and flow are 
measured an the recirculation line.. _Capability for sampling the vessel is provided using a tap from the 
recirculation pump line. The vessel is vented tn the room. The caustic collection vessel 
(LVP-VSL-00001) overflows to the berm around the vessel. 

Wattt is added directly to the vessel at a rate sufficient to maintain a SflCClliC gravit)' m tbe scrubbing 
fluid consistent with a· maximum of 10 ¾ dissolved wlids . . Suspended solids are not expected. 

Offgas from the caustic scrubber is environmentally monitored (stack.discharge monitoring [rad and non­
radj system [SDJJ) then relea5ed via the stnck. 

Non-Jto•ttne Operatlon.s that Could Affect Corros:ioa/Eros.i.on 

• The caustic scrubber has provisions fcx- process watet- addition for stnrtup and to provi& mab!up 
water as necessary. A spray wuhring is &lso provided for wuhdown duringmaintmance periods. 

• If lhc -caustic scrubber needs maintenance, a bypass line is provided to allow continued oparation of 
the main offgu system after the meltcrs are idled. 

• Loss of caustic flow to the collection tank-· Loos of caustic flowTCSUlts in decreased pH of the 
scrubber bottoms. If the problem can be resolved n:adtly, the scnibber column can continue 
operating. since lhe pH decreases si-Owly: If the problem ism~ seriOUI>, ihe meltera are idled and the 
call$tic scru.bbcf byprass ir. activated until caµstic flow is reestablished. 

• LoM of reclrculatiou pimps - Loss of recirculation results in the inability to remove acid gases and 
iodine. An installed spate pump is provided to quiclcly re$lore flow to the columrt. 

• Plugini or packed bed - If the pressure drop across the po.eked bed inc:reascs beyond a normal 
range, the melt.en; are idled, the column is bypassed, and the bed is flushed to remQVC -deposits. If this 
is not offcctive, the mclters arc idled, the bypass opened, and the bed r,ep1aced. 

• Caustic collectioa ve.ud o-verflow • The vessel overllows to the hcrm around the taok. Toe berm 
drains to the plant wash vesstl {RLD-VSL-00003). 
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24590-LA W-NlD-L VP-00002 
Rev. 2 

24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

• Solids ba.lldup 1n the cautk c:ollecdon vcuel ~ Minimal solid& arc expected in the caustic collection 
vessel. When not tral'lllferring to the PT f a.cihty, fhc tnm&fer J1UIIlPS n:circulatc& back to the colkction 
tank. Caustic is injected into~ pump suction to maintain.the corrc:ctpB in the tank. Any solids arc 
removed from the "VCsacl, and the liquid i£ transferred to the PT facility. 

• Lou of traaafer pomp- If the Jrim.ary pump fnils, the ba.clrup pump is activated and QPIDtcd while 
1he f.ailed pump is replaced. 
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CORROSION EVALUATION 

RLD-VSL-00004 (LAW) 
C3/CS Drains/Sump Collection Vessel 
• Design Temperature (°F)(max/min): 183/-20 
• Design Pressure (psig) (max/min): 15/FV 

ISSUED 8\ 
RPP-WTPPOC 

llf I lllll I I II II I IIII II IIIII 
R10433505 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

Can be maintained, not replaced, during the 40 y design life. No method of totally removing sol ids or heels is present. 

Operating Modes Considered: 
• The tank is filled with waste at l 15°F and drain waste 
• Rinsed with plant water, a heel is expected to remain 

Materials Considered: 

Material 
(UNSNo,.) 

Carbon Steel 

304L (S30403) 
316L (S31603) 

6%Mo 
(N08367/N08926) 

Relative 
Cost 
0.23 
1.00 
1.18 
7.64 

Acceptable 
Material 

X 
X 

Alloy 22 (N06022) 11 .4 X 
Ti-2 (R50400) I 0.1 X 

Unacceptable 
Material 

X 
X 

Recommended Material: 316 (max 0.030% C; dual certified). Bottom head to be clad 
with 0.1 inch of Inco 625 (UNS N06625) material or better. 

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion 
allowance and 0.016 inch erosion allowance) 

Process & Operations Limitations: 
• Develop lay-up strategy 

5 3/44/06 Update wear allowance based on 
24590-WTP-RPT-M-04-0008 

REV DATE REASON FOR REVISION 

Sheet: I of7 

PREPARER 

Concurrence DMB --=-=-==---
Opera ti on s 

~s: NA ~ 
CHECKER MET APPROVER 

6 February 2006 
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CORROSION EVALUATION 
REVISION HISTORY 

Incorporate new PCDS 
4 7/1/04 Add Section p- Inadvertent NA 

Addition of Nitric Acid DLAdler JRDivine APRan_l?US 
Update design temp/pressure 

Append updated MSDS 
3 4/3/03 Add DWP note NA 

Extensive revisions to the text; 
no revision bars used. DLAdler JRDivine MHoffinann 

2 9/17/02 
Remove wording regarding open 

DLAdler JRDivine ss 
issues MHoffinann 

I 4/29/02 
Modify Material 

DLA JRD ss 
Recommendation SK 

0 4/2/02 Initial Issue DLAdler JRDivine NA SK 

REV DATE REASON FOR REVISION PREPARER CHECKER MET APPROVER 
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Corrosion Considerations: 

24590-LA W-NlD-RLD-00001 
Rev.5 

RLD-VSL-00004 is designed to receive fire water from the C3/C5 area in case the sprinkler system is activated. RLD-VSL-
00004 also collects liquid purge drained from the LOP-WESP-00001 /2. It could also possibly receive overflow from the 
concentrate receipt vessels and washes from various other vessels. 

a General Corrosion 
Wilding and Paige (1976) have shown that in 5% nitric acid with 1,000 ppm fluoride at 290°F, the corrosion rate of 304L and 316L can be 
kept as low as 5 mpy by the use of Al-. The fluoride concentration in this situation is 566 ppm, the normal operating pH ranges from 0.71 
to 1.57, and the normal operating temperature is l l 5°F. Based on the available data, the uniform corrosion rate will be small . 

Concl~ion: 
304L and 316L are expecred to be sufficiently resistant to the waste solution with a probable general corrosion rate of less than I mpy. 

b Pitting Corrosion 
Chloride is known to encourage pitting of stainless steel and related alloys in acid and neutral solutions. Alloys with higher molybdenum 
contents are more resistant to pitting. The stated conditions of pH and chloride conditions for this vessel are sufficient to cause 3 I 6L to be a 
marginal choice. However, with the cladding of the bottom head with a more resistant alloy, 3 I 6L is deemed satisfactory. 

Concl~ion: 
Localized corrosion, such as pitting, is common but can be mitigated, if caused by chlorides, by alloys with higher nickel and molybdenum 
contents. Based on the expected operating conditions, 316L would be expected to be satisfactory with the addition of cladding of the 
bottom head. 

c End Grain Corrosion 
End grain ·corrosion only occurs in metal with exposed end grains and in high ly oxidizing acid conditions. 

Conclusion: 
End grain corrosion, as normally defined , is not a concern. 

d Stress Corrosion Cracking 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with 
temperature, metnl sensitization, the environment, and because chloride tends to concentrate under heat transfer conditions. Hence, even as 
little as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), chloride stress 
corrosion cracking does not usually occur below about 140 °F. Further, the "L" grade stainless steels are more resistant. With the proposed 
conditions, 316L will be acceptable. 

Conclusion: 
For the nonnal operating environment, a 316L is the minimum recommended . 

e Crevice Corrosion 
Though the solids content is not excessive under normal operations, there is no good method for removing all deposits or heels. At the 
proposed operating temperature, 304L and 316L alone are not acceptable. Either cladding the bottom head of the vessel is necessary or 6% 
Mo alloy or better is recommended. In addition, see Pitting. 

Conclusion: 
See Pitting. 

f Corrosion at Welds 
Corrosion at welds is not considered a problem in the proposed environment 

Concl~ion: 
Weld corrosion is not considered a problem for this system under normal operating conditions. 

g Microbiologically Induced Corrosion (MIC) 
The normal operating conditions are not conducive to microbial growth. 

Conclusion: 
MIC is not considered a problem. 

h Fatigue/Corrosion Fatigue 
Corrosion fatigue does not appear to be a concern in the vessel . 

Conclusions 
Not a concern. 
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i Vapor Phase Corrosion 

24590-LA W-NlD-RLD-00001 
Rev.5 

Vapor phase corrosion will be a function the degree of agitation , solution chemistry, and temperature. Under nonnal operating conditions, 
vapor phase corrosion is not expected to be a concern. 

Conclusion : 
Not believed to be a concern. 316L is expected to be satisfactory. 

j Erosion 

Velocities are expected to be low. Erosion allowance of0.016 inch for components with solids content up to 27.3 wt% at velocities less 
than 4 mps is based on 24590-WTP-RPT-M--04-0008. Although the solids content can reach 43.9 wt%, during non-routine operations, the 
vessel normally has solids content less than 0 .1 wt%, and 0 .016 inch is considered an adequate erosion wear allowance. 

Conclusion: 
Not expected to be a problem 

k Galling of Moving Surfaces 
Not applicable. 

Conclusion: 
Not applicable. 

I Fretting/Wear 
No contacting surfaces expected. 

Conclusion: 
Not applicable. 

m Galvanic Corrosion 
No significantly dissimilar metals are present. 

Conclusion : 
Not expected to be a concern. 

n Cavitation 
None expected. 

Conclusion: 
Not believed to be of concern. 

o Creep 
The temperatures are too low to be a concern. 

Conclusion: 
Not applicable. 

p Inadvertent Nitric Acid Addition 
At this time, the design does not provide for the presence of nitric acid reagent in this system. Additionally, the vessel sees low pH under 
normal operating conditions. 

Conclusion: 
Not applicable. 
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CCN 092184 
UPDATE TO RLD-VSL-00004 
PROCESS CORROSION DATA 

PROCESS CORROSION DATA SHEET 

_ -Component(s) (Name/ID#) __ _ C3/C5 drains/sump colleclion_vesselJRLD:VSL--00004) 

Faclllty LAW 

In Black Cell? No 

Chemicals ·Unit1 Contract Maximum -· Non•Routlne '(Note 3) Notes 
leach No leacn Leach No leach 

Aluminum an 6.57E-03 6.97E-03 4.10E+Ot 3.84E+01 

Chlorfde 011 7.10E-Ol 7.15E-Ol 1.6-IE+01 2.00E+01 

Fluoride gn USE-01 5.66E-Ot t.a•E+01 2.01E+01 

Iron all 1.39E-03 1.41 E-03 2.84E+OO 2.00E+OO 

Nitrate an 2.35E+OO .1.96E+OO 2.73E+02 2.89E+02 

Nitrite OIi 8.22E+01 8.93E+Ol 

Phosphate g/1 5.93E+01 6.30E+Ot 

Sulfate g/1 3.16E+OI 3 .43E+01 

Mercurv all 9.46E-02 3.18E-02 
Carbonate on 1.29E+02 1.11E+02 

Undissolved solids wt% 0.1¾ 0.1% 43.9% 43.3% 

other (Pb) git 4.52E-03 3.00E-04 B.89E-01 2.94E--02 

Other Q/1 

pH NIA Note 4, Neta 5 

Temoerature "F I Note2 
I 

List of Organic Species: 

References 
Svsrem Oe5mn11crr 245SO-LAW.JYD-30-0000l RlrY 0 
Ma!! Balanct Ooa.ment 24590-WTP-M4C-V11T-00005 Rev A 
Normal ll'OJIS!ream# LOPI0!or LOP07 frttnWESPl 
Ott Notmal Ir-cut $1n12m tie D o.,erll.,.,from c:thorY9Ssalst. No(e 3 
P!.10- 2•590-lA W4-!6-RI..D-00002, Rev 3 
PFO: 24590-I.AW-1,1!>-V17T-COJ14 RE!'l 4 

T SCMCal RePOrU: NIA 

Notes: 
1. Conct!n1r.lllon3 leS3 than 1x 10"'~ do not need tobe reported; Isl VllW to two slo,ll!Cilnl dl \jts max. 
2. T rtlUllne Openllal 115°F (C001lng = "1a nnsfer and from other ln~h straamsi 
3. Non-ro<Jtlna Is fftl)( ccncenlrallcn fn:m (Mlf1loN at LCP, LFP 1195Jllls , ard RLD-VSL-00003. 
4. pH D.71 to 1.57 (24590-101·TSA•W000-0009-111-02, Ra.... 008, ppT30,T32) 

I 5. Noo-roullne pH 1 lo&, game as Rl.D-VSUlOOOl. 

i 

Assumptions: 

.. 

' 
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6.6.2 C3/C5 Drnim/Samp Collecti.on Vessel (RLD-VSL-00004) 

Routine Openrtioni. 

The C3/C5 drains/sump tollection vesse1 {RLD-VSL-00004) and its cell are designed to contain the most 
probable rrnooomm amount of fire protection water necessary to cover the largest C3/C5 area, 
approximately 30~000 gallons. In the event of a fm: and activation of the sprinkler system. the fire water 
will drain into the vcsscl through. floor drains. Once the volume reaches the o"-erflow level of the vessel, 
the oontents will overflow onto the floor of the C3/CS cclL The snmp pump transfers the con.tents of the 
cell to the plant wash vessel (RLD-VSL~03). 

The C3/C5 drains/sump collection vessel also collects a constant liquid purge gravity drained from the 
wet electrostatic precipiurtors (LOP-WESP-00001 and LOP-WESP-00002). 

The vessel is equipped with: 

• A centrifugal 1m1sier pump 

• Vessel mixing eductors 

• A centrifugal pump 

• L e,,-el instruments 

• Density instruments 

• Temperature instruments pressure 

The C3/C5 drains/sump collection vesse1 pumps are centrifugal pumps and ill'e used to discharge to the 
SBS condensate collection vessel (RU)-VSL--00005) or to the plant wash vessel (RID.:VSL-00003). 
Routine process-related effluent from WP.SP drains can be pumped out daily to the SBS condensate 
collection vessel (RLD-VSL--00005). Effiuent gcnetaied from other sources will be periodically pumped 
to the plant wasli YOS$Cl (RLD-VSL--00003) when it reaches a predetermined level Sampling capability is 
provided using a sampling leg offthe pump recirculation line to an autosampler unit 

Non-Rout.in~ Operations tbt Could Affect Corrosion/Ero11ion 

The overtlow from the coru:.entratereceipt vessels (LCP-VSL-00001 and LCP-VSL-00002) and the 
melter feed preparation vessels (LFP-VSL--00001 and LFP-VSL-00003) is also routed to this vessel. 

The C3/C5 drains/sump collectiort vessel (RLD-VSL-00004) overllows to a sump (RLD-SUMP--0002&) 
in the same cell. This sump is emptied by a pump (RLD-PMP-00004) into the plant wash vits6e1 (RLD­
VSL-00003) 

The ve&Sel can also be washed down with internal spray nozzles (Rl.D-NOZ-00006, RLD-NOZ-00007). 
If chemical adju.stment is tt.eeded,. reagents can be introduced through the spray nozzle!!. 

The C3/C5 drainf/sump collection vessel also receives washes from vessels. 

Eductors in the C3/CS drains/sump collection vessel (RLD-VSL-00004) and pumps with recirculation 
capability are operated to suspend captured solids. Suspended solids ate entrained into the effluent and 
are periodically removed from the vessels when the vessel contents are pumped to fhe speci:fi~d vessel in 
PT. If necessary, vessels can be flushed with water. 
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RLD-VSL-00005 (LAW) 
SBS Condensate Collection Vessel 
• Design Temperature (°F)(max/min): 200/40 
• Design Pressure (psig) (max/min): 15/FV 
• Location: incell 

ISSUED BY 
RPP.WTPPDC 

Offspring items 
RLD-AGT--00002, RLD-PMP-00003NB 

R10526391 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

There is an agitator but there is no method for totally removing deposits or heels. 

Operating Modes Considered: 
• Only operation to the design remperature 1s assumed. 

Materials Considered: 

Material Relative Acceptable 
ruNS No,.) Cost Material 

Carbon Steel 0.23 
304L (S30403) 1.00 
316L(S31603) 1.18 
6% Mo (N08367/N08926) 7.64 X 
Allov 22 (N06022) I 1.4 X 
Ti-2 ffi50400) 10.1 

Recommended Material: UNS N08367/N08926 
Top head: 316 (max 0.030% C; dual certified) 

Unacceptable 
Material 

X 
X 
X 

X 

The pH, high chloride, and solids require a 6% Mo material for body of vessel and an Alloy 22 or 6% Mo material for the process nozzles 
consistent with the connecting piping. 

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion 
allowance and 0.004 inch erosion allowance) 

Process & Operations Limitations: 
• Develop lay-up strategy 
• Develop rinsing/flushing procedure 

Concurrence DMB - --=-=-==-- -
Op era ti on s 

/ 1 

3 -?2%.\-
Update wear allowance based on ~ livine NA (j~ 24590-WTP-RPT-M-04-0008 APRangus 

-
Incorporate new PCDS 

2 6/23/04 Add Section p - Inadvertent NA 
Addition ofNitric Acid DLAdler JRDivine APRangus 

Update format and assoc. items 

I 11 / 18/03 
Append updated MSDS 

NA 
Editorial changes 
Add DWP note DLAdler JRDivine APRangus 

0 10/16/02 Initial Issue DLAdler JRDivine ss SMKirk 
REV DATE REASON FOR REVISION PREPARER CHECKER MET APPROVER 
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This vessel receives effluent from SBS column vessels, SBS condensate vessels, the C3/C5 drains/sump collection vessel, 
and the plant wash vessel as well as vessel washings. Agitators are present to maintain solids in suspension. 

a General Corrosion 
Wilding and Paige (1976) have shown that m 5% nitric acid with 1,000 ppm fluoride at 290°F, the corrosion rate of 304L and 316L can be 
kept as low as 5 mpy by the use of Al'... Additionally, Sedriks (1996) has noted with 10% ("'2N) nitric acid and 3,000 ppm fluonde at 
158°F, the corrosion rate of304L and 316L is over 4,000 mpy. The fluoride concentration in this situation is about 2870 ppm , the nitnc 
acid concentration is about 0 .3 M, and the highest normal operating temperature 1s 104°F. Based on the available data, the uniform 
corrosion rate will be small . 

Conclusion : 
At the given conditions, 304L or 316L are both acceptable based on uniform corrosion. 

b Pitting Corrosion 
Chloride is known to cause pitting in acid and neutral solutions. Phull (2000) has shown that at pH 5, 9,000 ppm chloride, and a 
temperature of about 122°F, a 6% Mo alloy is satisfactory. In this situation, the pH is significantly lower, as low as I rather than 5, and the 
chloride concentration is significantly higher. According to Sedriks (1996), a 6% Mo is acceptable to about 160°F though if the welds are 
not properly cleaned, the temperature at which pitting initiates can drop to about 85°F. Wilding & Paige (1976) have shown that in 42% 
nitric acid, concentrations of over 4,000 ppm chloride have no effect on 304L stainless steel. If the effect is assumed linear and if it 1s 
assumed 316L can accept twice as troch chloride as 304L without a negative effect, then in 0.3 M nitric acid ("'2%), the maximum 
allowable chloride concentration should be about 400 ppm which is much less than the concentrations stated to be present during nonnal 
operating conditions. 

Conclusion: 
It is known that nitrate mitigates the effects of chloride to a degree. Even if the protective effect was linear, more chloride is present and 
the pH is lower than is acceptable ~or 3 I 6L Therefore an alloy such as a 6% Mo or equivalent is necessary. 

c End Grain Corrosion 
End gram corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions. 

Conclusion: 
Not likely m this system. 

d Stress Corrosio• Cracking 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with 
temperature, metal sensitization, and the environment. But it is also unknown because chloride tends to concentrate under heat transfer 
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as little as 10 ppm can lead to cracking under 
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur below about 
l 40°F. With the proposed conditions, 3 I 6L will not be acceptable. More resistant alloys such as 6% Mo alloys or better will be needed. 

Conclusion: 
A 6% Mo alloy or better is necessary. 

e Crevice Corrosion 
Most alloys are expected to be susceptible to crevice corrosion with alloys higher than 300 series stainless steels being less susceptible. See 
also Pitting. 

Conclusion . 
See Pitting 

(Corrosion at Welds 
Corrosion at welds is not considered a problem in the proposed environment. 

Conclusion: 
Weld corrosion is not considered a problem for this system. 

g Microbiologically Induced Corrosion (Mlq 
The proposed operating conditions are suitable for microbial growth but the system is downstream of the main entry points of microbes. 

Conclusion: 
MIC is not considered a problem. 
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h Fatigue/Corrosion Fatigue 
Corrosion fatigue is a not expected to be a problem if the piping and nozzles are properly supported. 

Conclusions 
Not a concern. 

i Vapor Phase Corrosion 
Vapor phase corrosion is not expected to be a concern. 

Conclusion: 
Not a concern. 

j Erosion 

24590-LA W-NlD-RLD-00002 
Rev.3 

Velocities are expected to be low. Erosion allowance of0.004 inch for components wtth low solids content(< 2 wt%) at low velocities is 
based on 24590-WTP-RPT-M-04-0008. Because of the low pH, the agitator blade can be Ultimet but it is not considered necessary. Using 
the same material for the agitator as the vessel is satisfactory. 

Conclusion : 
Not expected to be a problem. 

k Galling of Moving Surfaces 
Not applicable. 

Conclusion: 
Not applicable. 

I Fretting/Wear 
No contacting surfaces expected. 

Conclusion : 
Not applicable. 

m Galvanic Corrosion 
No significantly dissimi lar metals are present. 

Conclusion: 
Not a concern. 

n Cavitation 
None expected. 

Conclusion : 
Not believed to be of concern. 

o Creep 
The temperatures are too low to be a concern. 

Conclusion: 
Not appltcable. 

p Inadvertent Nitric Acid Addition 
At this time, the design does not provide for the presence of nitric acid reagent in this system. Additionally, the vessel sees low pH under 
nonnal operating conditions. 

Conclusion: 
Not applicable. 
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24590-WTP-RPT-PR-04-0001, Rev. B 
WTP Process Corrosion Data 

Component(s) (Name/ID#) 

PROCESS CORROSION DATA SHEET 

SBS condensate collection vessel (RLD-VSL-00005) 

Facility LAW 

In Black Cell? No 

Chemicals Unlt1 Contract MaximlM11 Non-Routine (Note 3) 
Leach No leach Leach No Leach 

Aluminum all 5.06E--02 5.11E-02 4.08E-02 

Chloride all 1.22E+o1 1.34E+01 1.17E-02 

Fluoride all 2.60E+oo 2.87E+OO 7.04E-03 

Iron all 2.62E.02 2.54E--02 1.37E-03 

Nitrate q/1 2.35E+oo 1.96E+OO 1.58E.01 

Nitrite all 3.13E-02 

Phosphate g/1 2.41E-02 

Sulfate ul1 1.20E-02 

Mercury g/1 9.111E-01 3.44E-02 6. 19E-04 

Carbonal1 g/l !l.41E-02 

U ndlssolved solids wt% 1.4% 1.3% 

other (Pb) ul1 6.10E-03 3.ME-04 3.02E-04 

other oil 

iDH NIA 

Temperature "F 

List of Organic Species: 

Referancea 
Sv.,tem n."'""""": 2451lOU\W-3YD-30-00001 Rev 0 
Mn5 Balance Document: 24590-WTP-M4C-V11 T-00005 Rev A 
Nonna! lnrxr. Slroom #c LOP05 LOPI0 
00 Ncrmal lrlPl,C Slraam # (e.g., overflow from other ve&&els l: Nole 3 
P&ID. 2•590-lAW-M6-RL.D-OJ001 Rev 2 
PfD: 24590-lAW-M5-V1TT-00014, Rev 4 
Tucmic:8I Reports : NIA 

Notes: 
1. Concentrations less than 1x 10'

4 ~ do not need to be repatoo; Isl values to two slpcant d¢ max. 
2. T Oll80lti0n 1511 'F (BOO) to 104 'F (24500-!..AW-3YD-20--00001, Rev 0, p. C--1 ) 
3. Noo-ro<.Clne rac,o;- tmnsfw from RLD-VSL-00003. 
!4. pfi 1 lo 7.83 (CCN 063606) 

Assumptions: 

RLD-VS L-00005 Sheet :5 of6 
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6.6.3 SBS Condensate Collection VeMd (RLD-VSL--00005) 

llontla.e Operations 

This vessel is designed for approximately a. 2-day hold-up of the SBS colurm purge cffiuent. A transf,er 
can be made daily to the PT facility during normal operations. 

The SBS condensate collection vessel (RLD-VSL-00005) receives effluent from SBS column vessels 
(LOP-SCB-00001 and LOP-SCB-00002); SBS condensate vessels (LOP-VSL-00001 and LOP-VSJ...-
00002); the C3/C5 drains/sump collection vessel (RLD-VSLl>0004); vessel wuhings; and the plant wasll 
vessel (RLD-VSL-00003 ). 

The SES coodensate colloction vessel (Rl.D-VSL--00005) is equipped with a tnr)Cbanical agitator (RI..D­
AGT -00002) to maintain solids in suspension. The vessel is vented into a common vessel venti]ation 
header. 

The SBS condensate collection vessel discharge pumps are vertical in-vesse1 pumps (RI.D-PMP-
00003A/B) aJJd can be routed to various locations through the pump bulge (RLD-BULGB-00004). 
Sampling capability is provided using a supply line from the pump recirculation line to an auto sampler 
unit. The SBS condaisatc collection vessel disohargc pumps (RLD-PMP--00003A/B) can pwnp the 
effluent daily to the PT LAW SBS condensate receipt vessels (TLP-VSL..()()()()9A/B). fu the event that 
the PT LAW SBS condensate receipt vessels (TLP-VSL-00009A/B) cannot rcoeive the effluent, the 
effluent may .bo transfetred to the- LAW plant ~ vessel (RLD-VSLA>0003). 

The SBS condensate collection vessel (RLD-VSL-00005) can. be transfcm:d to the PT facil ity through the 
LAW pump bu!~ (RLD-BULGE,-00004) through two inter-facility lines. One of the lines is normally 
the transfer line from the LAW SBS condensate collection vessel (RID-VSL-00005) to the PT facility 
LAW SBS condensate receipt ves!iels (TLP-VSL-00009A/B). The other line is normally the transfer line 
from the plant wash vcs...~l (RLDNSL--00003) to the PT facility plant wash vessel (PWD-VSL-00044). 

Non-Ro.tine Operations tut Could Affect Ccimmow/EroaJ.011 

The SBS condensate coTicci:ion vessel (RLD-VSL-00005) overflows to the plant wash vessel (RLD-VSL-
00003 ), which is located next to it in 1he same room. 

The vessel cen be washed down with internal spray nozzles (RLD-NOZ-00004, RLD-NOZ-00005). The 
chemistry can also be ndjuit.ed by introdncing reagents mto the vessel through the spray nozzles. 
Mechnni.cel agitators on the SBS co.odensate collection vessel (RLD-VSL-00005} and pumps with 
recirculation co.pab:il-ity are openued to 6USpet1d captured solids. Suspended solids are entrained into the 
effluent and are periodically I'CID()vcd from th.e ~sels when the vessel contents are pumped to the 
specified vessel in the PT facility. If ne~s.sa:ry, vessels ca'l'I be flus.h.ed with water. 
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RLD-VSL-00003 (LAW) 
Plant Wash Vessel 
• Design Temperature (°FXmax/min): 200/-23 
• Design Pressure (psig) (intemaVextemal); 15/FV 
• Location; incell 

Offspring items 
RLD-AGT-0000 I 

R10667995 

1SSUED Efr 
?'IPP-WTPPDC 

Contents of this document are Dangerous Waste Permit affecting 

Operating conditions are as stated on attached Process Corrosion Data Sheet 

Operating Modes Considered: 
• Normal operation 

Materials Considered: 
Material Relative Acceptable Unacceptable 

(UNS No.) Cost Material Material 
Carbon Steel 0.23 X 
304L (S30403) 1.00 X 
J16L (S31603) 1.18 X 
6%Mo 

7.64 X 
(N08367/N08926) 
Alloy 22 (N06022) 11.4 X 
Ti-2 (R50400) IO.I X 

Material Required: UNS N08367/N08926 
Top head: 316 (max 0.030% C; dual certified) 

Note: Vessel upgraded to 6% Mo because it will be used as a back-up for RLD-VSL-00005. 

Recommended Corrosion Allowance: 0.04 inch (includes 0.024 inch corrosion allowance and 
0.004 inch erosion allowance) 

Process & Operations Limitations: 
• Develop rinsing/flushing procedure 
• Develop lay-up strategy 

Concurrence DMB 
Operations 

-
4 .1/11/0, Modify operating description ~t-- ///;,,t:_ 

NA ~ 
HMK.rafft SWVail 
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Sheet: I of7 28 February 2006 



24590-LA W-NlD-RLD-00005 
Rev.4 

CORROSION EVALUATION 

REVISION HISTORY 

3 5/25/05 Update wear allowance based on 
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RLD-VSL-00003 routinely receives effluent and overflow from the SBS condensate collection vessel, effluent from the 
CI/C2 and the C3/C5 drains/sump collection vessels and sump discharges. During off-normal events, RLD-VSL-00003 
receives off-spec feed from the concentrate receipt vessels. While the normal operating temperature ranges from 59 to 68 °F, 
an overflow or transfer from RLD-VSL-00005 could take the temperature up to I 04 °F. This condition is considered non­
routine. Vessel is equipped with a mechanical agitator to keep solids in suspension. 

a General Corrosion 
In the proposed pH operating range, no specific information was fou nd for the general/uniform corrosion of stainless steels or other material 
in the given waste. However, the austenitic and higher alloy steels typically have low corrosion rates,< 1 mpy, in the given environment 
even at the maximum temperature. This lack of data is not critical because the alloys needed for the system generally fail by pitting, crevice 
corrosion, or cracking. 

Assuming the stated normal operating conditions are correct, 304L will be acceptable with a small uniform corrosion rate. 

Conclusion : 
Under normal operating conditions, 304L, 31 6L, or better will be acceptable. 

b Pitting Corrosion 
Normally the vessel is to operate between 59 and 68°F at a pH range of I to 8 with a minimum of halides. Berhardsson (1981) et al 
conclude 304L or 316L could be used based on temperatures and stated low-chloride conditions. However, at the stated non-routine 
concentrations of halides, a 6% Mo would be desirable . 

If the vessel were filled with process water and left stagnant, there would be a tendency to pit The time to initiate would depend on the 
source of the water, being shorter for filtered river water and longer for DIW. Pitting has been observed in both cases. 

Conclusion: 
Based on the stated normal operating conditions, 304L and 3 l 6L are acceptable. 

c End Grain Corrosion 
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions. 

Conclusion: 
Not expected in this system. 

d Stress Corrosion Cracking 
The exact amount of chloride required to cause stress corrosion cracking is unknown. In part this is because the amount varies with 
temperature, metal sensitization, and the environment But it is also unknown because chloride tends to concentrate llllder heat transfer 
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as little as 10 ppm can lead to cracking under 
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur below about 
140°F. With the proposed conditions, 3041 will be acceptable . 

Conclusion: 
304L is expected to be satisfactory. 

e Crevice Corrosion 
Few solids are expected under normal conditions and crevice corrosion should be a minimum. 

Concl11sion: 
Also see Pitting 

f Corrosion at Welds 
Corrosion at welds is not considered a problem in the proposed environment 

Conclusion : 
Weld corrosion is not considered a problem for this system. 

g Microbiologically Induced Corrosion (MIC) 
The proposed operating conditions are suitable for microbial growth, but the system is downstream of the main entry points of microbes. 

Conclusion: 
MIC is not considered a problem. 
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b Fatigue/Corrosion Fatigue 
Corrosion fatigue is a not expected to be a problem if the piping and nozzles are properly supported. 

Conclusions 
Not expected to be a concern. 

I Vapor Phase Corrosion 
Vapor phase corrosion is not expected to be a concern . 

Conclusion: 
Not a concern. 

j Erosion 

24590-LA W-NlD-RLD-00005 
Rev.4 

Velocities are expected to be low. Erosion allowance of0.004 inch for components with low solids content(< 2 wt%) at low velocities is 
based on 24590-WTP-RPT-M-04-0008. Because of the low pH, the agitator blade can be Ultimet but it is not considered necessary. Using 
the same material for the agitator as the vessel is satisfactory. 

Conclusion: 
Not expected to be a problem. 

k Galling of Moving Surfaces 
Not applicable . 

Conclusion: 
Not applicable. 

I Fretting/Wear 
No contacting surfaces expected. 

Conclusion: 
Not applicable. 

m Galvanic Corrosion 
No significantly dissimilar metals are present. 

Conclusion : 
Not applicable. 

n Cavitation 
None expected. 

Conclusion : 
Not believed to be of concern . 

o Creep 
The temperatures are too low to be a concern for metallic vessels. 

Conclusion: 
Not applicable. 

p Inadvertent Nitric Acid Addition 
At this time, the design does not provide for the presence of nitric acid reagent in this system. Additionally, the vessel sees low pH under 
normal operating conditions. 

Conclusion: 
Not applicable . 
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24590-WTP-RPT-PR-04-0001 , Rev. B 
WTP Process Corrosion Data 

Component(s) {Name/ID#) 

PROCESS CORROSION DATA SHEET 

Plant wash vessel (RLD-VSL-00003) 

Facility LAW 

In Black Cell? No 

Chemicals Unll1 
Contr.ict Maximum Non-Routine (Note 3) 
Leach No leach Leach No Leach 

Aluminum g/1 4.00E-02 5.06E--02 5.11E-02 

Chloride g/1 1.17E-02 1.22E+o1 1.3-4E+01 

Fluoride !Ill 7.04E-03 2.00E+OO 2.37E•OO 

Iron g/1 1.37E-03 2,62E--02 2.54E-02 

Nitrate g/1 1.58E-01 2.35E+OO 1.96Et00 

Nitrite g/1 3.13E-02 

Phosphate g/1 2.41E--02 

Sulfate g/1 1.20E-02 

Mercurv oil 6.19E-04 9.91E-01 3.44E-02 

Carbonate g/1 8.41E..02 

Undissolved solids wt% 1.4'k 1.3% 

Other (Pbl all 3.02E-04 6.10E--03 3.ME-04 

Other g/1 

IPH NIA 

Temperature ~ 

Lisi of Organic Species: 

References 
S,stem Descroticn: 24&90-lJ\W..J'fD.30.-00001 Rav O 
Mass Balanco Docunent: 24500-WTP·M4C-V11T -OOOOS, Rev A 
Normal loout Stream It. RLD25 
Gil Normal lnout Stream# IM. overl\ow hool other v9$54!1st. NIA 
P&IO: 24590-LAW-M6.RLD-00001 Rev 2 
PFO: 24500-I..AW-M5-V17T-0001 4 Rav 4 

T ecmcal Reporu: NIA 

Notes: 
1. Cooca-traocns less then 1x 10• ~ do nc( need to tie rei,ated; fist vaues 10 two sig,if1C3111 digits max. 

12-T cperation 59 'F (800) lo 88 'F (24500-LAW..JYD-20-00001, Rev 0, p. C-2) 
~ - Non routine: T operwHon 59 "f IO 1().4 "f ls """'1',ow or trw,slorm,m RLD-\1S1.-00005. 

4. pH 1 ta B (CCN 063607) 

Assumptions: 
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CORROSION EVALUATION 

Plant Wash Vessel (RLD-VSL-00003) 

Routine Operations 

The plant wash vessel is normally empty, but effluent sources for the plant wash vessel (RLD-VSL-00003) 
include: 

• Vessel washes 

• Off-specification batches and washdown from the concentrate receipt vessels, melter feed prep vessels 
and melter feed vessels 

• Effiuent from the SBS condensate collection vessel (RLD-VSL-00005) under off-normal operations 

• Effluents from the C 1/C2 drain/sump collection vessel (NLD-VSL-00005) 

• Effluent from the C3/C5 drain/sump collection vessel (RLD-VSL-00004) 

• The overflow from the SBS condensate collection vessel (RLD-VSL-00005) 

• Swnp discharges from the process cells and the liquid effluent cells 

This vessel is designed to handle the largest volume from any vessel/equipment wash or drain in the LAW 
vitrification facility . The largest volume is from the SBS condensate collection vessel (RLD-VSL-00005). 
If both the plant wash vessel (RLD-VSL-00003) and the SBS condensate collection vessel (RLD-VSL-
00005) are full and sample results have not been determined, or if the PT facility cannot receive the 
contents, then transfer will not be initiated. The plant wash vessel (RLD-VSL-00003) and the SBS 
condensate collection vessel (RLD-VSL-00005) are located in the same room. 

The vessel is equipped with a mechanical agitator to maintain solids in suspension. 

The plant wash pwnps (RLD-PMP-0O00WB) are in-vessel vertical pumps and can be routed to various 
locations via the RLD pump bulge (RLD-BULGE-00004). Sampling capability is provided using a 
sampling leg off the pump recirculation line to an autosampler unit. The collected effluent, including 
plant wash vessel (RLD-VSL-00003) vessel washings, will be periodically pumped to the PT facility 
p lant wash vessel (PWD-VSL-00044). 

Non-Routine Operations that Could Affect Corrosion/Erosion 

• The vessel can also be washed via internal spray nozzles. 

• Receives overflows from RLD-VSL-00005 . 

• Though not a routine operation, if the need arises, the plant wash vessel (RLD-VSL-00003) contents 
can be transferred to the SBS condensate collection vessel (RLD-VSL-00005), and vice versa. 

• Though not expected to be a routine operation, reagents can be introduced into the vessel through the 
spray nozzles for chemical adjustment of the vessel contents. 

Mechanical agitators on the plant wash vessel (RLD-VSL-00003) and pumps with recirculation capability 
are operated to suspend captured solids. Suspended solids are entrained into the effluent and are 
periodically removed from the vessels when the vessel contents are pumped to the specified vessel in the 
PT facility. If necessary, vessels can be flushed with water. 
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