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PLANT ITEM MATERIAL SELECTION DATA SHEET

LOP-VSL-00001 & LOP-VSL-00002 (LLAW)

Melter 1 & Melter 2 SBS Condensate Vessel
e Design Temperature (°F}{max/min): 237/40

*  Design Pressure (psig) (max/min): 15/FV

. Lecation: incell

|SSUED BY
RPP-WTP PDC

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 at pH 3 at stated nominal operating temperature

The vessel is pH 8 at stated nominal operating termperature

Vessel is at pH 3 and temperature reaches 167°F due to loss of cooling function
Vessel is at pH 8 and temperature reaches 167°F due to loss of cooling function

s o o 0

Materials Considered:

Material Relative Acceptable Unacceptable
{UNS No.) Cost ' Material Material

Carbon Steel 0.23 X
304L (S30403) 1.00 X
316L (831603) 1.18 X
6% Mo (N08367/N08926) 7.64 X
Alloy 22 (N06022) 11.4 X

Ti-2 (R50400} 10.1 X

Recommended Material: UNS N06022

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 |

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) facilities exclusively by DOE
acting pursuant to its AEA authority. DOE asserts, that pursuant to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct materials at DOE-
owned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only.

TEXPIRES: 12/07/e7 |

This bound document contains a total of 8 sheets. |
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Corrosion Considerations:

Vessels receive liquid overflow from the SBS column vesscls. Nominal operating temperature is ! 13°F with an expected
maximum of 167°F.

a General Corrosion

Wilding and Paige (1976) have shown that in 5% nitric acid with 1000 ppm fluoride at 290°F, the corrosion rate of 304L can be kept as low
as 5 mpy by the use of A", Additionally, Sedriks (1996) has noted with 10% (~2N) nitric acid and 3,000 ppm fluoride at 158°F, the
corrosion rate of 304L is over 4,000 mpy; C-22 or equivalent has a corrosion rate of about 75 mpy. Because of the possibility of hot, low
pH contents with a low A1™/F ratio, an alloy more corrosion resistant than the 300 series stainless steels, such as Hastelloy C-22 or
equivalent, will be required. With the expected pH ranging between 3 and 8 and the concentration of chloride, 316L is marginally
acceptable.

Conclusion:
316L.is marginally acceptable with a 6% Mo alloy or Hastelloy C-22 better. C-22 or the equivalent is recommended to protect the vessel
from off-normal conditions.

b Pitting Corrosion

Chloride is known to cause pitting in acid and neutral solutions. Normally the vessel is to operate at 113 °F at a pH range of 3 to 8.
However, the temperature could approach boiling. Data from Phull et al (2000) imply that with these conditions, 6% Mo is marginal and
Hastelloy C-22 or equivalent will be needed as a minimum.

Further, 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, and is likely
because residual chlorides are likely to remain. Pitting is less likely for the higher alloys such as Hastelloy C-22 or equivalent.

Conclusion:
Hastelloy C-22 or the equivalent is recommended.

¢ End Grain Corrosion
End grain corrosion only occurs in high 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 wit]
termperature, metal sensitization, the environment, and also because chloride tends to concentrate under heat transfer conditions, by
¢vaporation, and electrochemically during a corrosion process. Hence, even as little as 10 ppm can Iead to cracking under some conditions.
However, with the proposed off-normal cenditions where there wiil be a tendency to concentrate salts, Hastelloy C-22 or equivalent is
required.

Conclusion:
Because of the normal operating environment as well as that which can occur during off-normal conditions, the minimum alloy

recommended is Hastelloy C-22 or equivalent.

€ Crevice Carrosion
See Pitting, The nominal operating temperature is well above the critical crevice corrosion temperature for 316L and marginal for 6% Mo. |

Conclusion:
See Pitting

f Corrosion at Welds
Weld corrosior is not considered a problem for C-22. 316L welds corrode significantly faster than the bulk alloy. |

Conclusion:
Not a concern with C-22. |

g Microbiologically Induced Corrosion (MIC)
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 Fatigne/Corrosion Fatigue
Corrosion fatigue is not expected to be a concern.

Conclusions
Not expected to be a concern.

i Vapor Phase Corrosion
The vapor phase portion of the vessel is expected to be splashed with particles of waste. Hastelloy C-22 is sufficiently resistant. Vapor

phase corrosion is not a concern.

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 wi%) 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.

1 Fretting/Wear
No metal/metal 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 Nitric Acid Addition

At this time, the design does not provide for the presence of nitric acid reagent in this system. Additionally, the vessels sec low pH under
normal operating conditions.

Conclusion:
Not applicable.
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Component(s} (Name/ID #)

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

PROCESS CORROSION DATA SHEET

8BS and SBS condensate collection vessels
(LOP-VSL-00001, LOP-VSL-00002, LOP-SCB-00001, LOP-SCB-00002)

Facility LAW
In Black Cell? No
Chemicals Unit’ Contract Maximum Non-Routine Notes
Leach No leach |each No Leach

Aluminum g/l 5.07E-02 5.12E-02 )

IChioride gll 1.22E+01 1.35E+01

|Fluoride afl 2.61E+00 2.88E+00

liron gl 2.62E-02 2.54E-02

INitrate g/l 5.85E-02 5.50E-02
{Nitrite afl
{Phosphate gl
iSulfate gl
IMercury g/l 9.93E-01 3.45E-02
|carbonate all

Jundissolved solids Wi 1.4% 1.3%

lother (Pb) gil 6.11E-03 3.85E-04
other gll
JpH NIA Note 2
Temperature (note 2) °F Note 3

|List of Organic Species:

iReferences

{System Description; 24590-EAW-3YD-LOP-00001, Rev 0

IMass Balance Document 24590-WTP-M4C-V11T-00005, Rev A

Normal Input Stream #: LOPO1, LOP04

Off Normal Input Stream # {e.g., overfiow from other vessels):

P&ID: 24590-LAW-ME-LOP-P000 T, 24590-LAW-ME-LOP-PO002, Rev 1

PFD: 24590-LAW-M5-V 17T-P0007, -P0008, Rev 0

[Technical Reports: N/A

INotes:

2. pH 3 to 8 (CCN 025050)

1. Concentrations less than 1x 10" g/l do not need to be reported; st values to two significant digits max.

3. Tmin 41, T nominal 113 °F. It loss of cooling facket function assume 167 °F (24590-LAW-MVG-LOP-00001, Rev B)

[Assumptions:
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§3.1 SBS and SBS Condensate Vessels (LOP-SCB-00001,2 and LOP-VSL-00001,2)

Routine Operations

Offgas from the film cooler flows through the offgas Tine then enters the SBS column, which is enclosed
in the SBS column vessel {LOP-SCB-00001/2) for further cooling and solids removal. Each melter hasa
dedicated SBS. The SBS is a passive device designed for aqueous scrubbing of entrained radicactive
particutata from melter offgas plus cooling and condensation of melter vapor emissions.

The SBS has two offgas inlets, one for the normat operations line and one for the standby line. The inlet
pipes run down throngh the bed to the packing support plate. The bed-retaining walls extend below the
support plate, creating a lower skirt to prevent gas from bypassing the pucking. A hold-down screen is
used to prevent the bed from heing carried out by upward flow through the bed. Gas bubbles are formed
25 the gas passes through holes in the suppeit plate. The bubbles rise through the packed bed and cause
the liquid to cireulate up throngh the packing, and hence downward in the annular space outside the
packed bed. The packing breaks larger bubbles into smaller ones to increase the gas-to-water contact area
and helps increase the particulate removal and heat transfer efficiencies.

The scrubbed offgas discharges through the top of the SBS. The liquid circulation helps to prevent
buildup of captured material in the bed by constantly washing the material away. A cooling jacket
Tocated on the outside of the scrubber vessel and cooling coils located inside the vessel maintain the
scrubbing liquid at required temperatores.

As the offgas cools, water vapor condenses and increases the liquid inventory. The liguid overflows into
the SBS condensate vessel (LOP-VSL-00001/2) located next to the SBS column vessel, thereby
rmaintaining a constant liquid depth in the SBS column vessel. The SBS condensate vessel has a cooling
jacket to further cool the condensate. This cooled condensate, when recycled (pumps

LOP-PMP-H0001/4) 1o the SBS colump vessel, contribuies to the cooling of the SRS condensate and
keaps collected solids mobiiized for remaval. The condensate vessel has the capacity to hold about
2 days of condensate. Venting of this vessel is via the SBS colunn vessel into the main offgus discharge

To help remove solids, the recirculated stream is pumped through eight lances that agitate the bottom of
the SBS colutnn vessel and consolidate the solids near the pump suction. To suspend the solids
accumulated in the 8BS condensate vessel, an eductor is used, powercd by a side stream from the
recireudation line,

Condensate produced and solids captured in the SBS column vessels are removed periodically.

Non-Routine Operations that Could Affect Corrosion/Erosion

» Both the SBS and 3BS condensate vessels contain spray nozzies that are used during startup to fill the
vessels and for decontamination, 1 maintenance of the offgas line, SBS, or WESP is required during
the lifetime of the melter, 2 maintenance bypass line is provided from the standby offgas line in the
wet provess cell to the standby Tine on the other melter. The other melter must be idled for this to
oecur since the standby line must be open to the SBS, but none of the treatment steps are bypassed.

#  Solids buildup in SBS bed - This may cause the offgas to bypass the bed with reduced quenching
and decontamination. Higher pressure differential indicates 2 buildup. Depending on the reduction
of fimction, the maintcrance bypass is activated and the SBS is flushed out, the bed is fluidized by
inoreasing offjas flow, or the bed is replaced at the next melter changeout.
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»  Chilled water failure in the SBS - If the chilled water flow to the SBS fails, the scrubbing solution
temperaturs begins to increase. I the chilled water flow is pot restored in o reasonable period, the
solution temperatune rises and liquid begins to evaporate. The cquilitriom temperature reached is
sbout 165 °F (74 °C). Demineralized water is added to either the SBS column or the condensate
vessel via the wash header to compensate for water cvaporsied.

»  Solids bulldup in SBS - This results in reduced liquid flow through the bed, with reduced quenching
and decontamination. A higher offgas terperatore indicates this problem. Depending on the
redoction of function, the melter is idled, the maintenances bypass opened, aud the S3BS isolated and
flushed ont. Ef the problem is not severe, the corrective action may be deferred until the next melter
changeout., .

« Loss of SBS pnmp - Loss of the $BS water purge purmp (LOP-PMEP-00003 A/6A) interrupts the
periodic transfer from the SBS colummn vessel to the SBS condensate collection vessel. Pump
LOP-PMPBO003B/6R acts as 1 backup and periodically punips accumulated condensate to the 388
condensate collection vessel until the failed pump is replaced. The spare pourp in the SBS condensute
vissel (LOP-PMP-00002/5) can aliso be used to transfer Hiquad from the system to the 8BS condensate
collection vessel,

» Loss of SBS contensate vessel pnmp » The SBS condensate vessel has two pumps that have the
capability of either recirculating condensate to the SBS or pumping it to the SBS vondensate
collection vessel, If one fails, the other one acts as 2 backup ontil the failed pump is replaced.

»  Loss of eductor in the SBS condensate vessel - If the educior fails, the melter is idled, the
maintenanee bypass is activated, and the offgas line is isolated by closing the isolation valve
downsiream of the WESP. The eductor is then replaced.
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