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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 
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Corrosion Considerations: 
 
This heat exchanger performs a dual function of cooling the contents of vessel UFP-VSL-00002A/B from 113 °F to 77 °F and maintaining 
the temperature of vessel contents at 77 °F by removing the heat input from pump UFP-PMP-00042A/B, UFP-PMP-000043A/B and the 
Pulse Jet Mixers using a recirculating loop.  Maximum operating temperature is expected to be 113 °F.  The corrosion evaluation assumes 
that waste will not be allowed to dry out and that waste is flushed from the channels after each batch or recirculation cycle, if the heat 
exchangers are used intermittently.  The corrosion evaluation is also based on the use of reagent grade chemicals in the process. 
 
a General Corrosion 
Hamner (1981) lists a corrosion rate for Type 304 (and Type 304L) in NaOH of less than 20 mpy (500 μm/y) at 77°F and over 20 mpy at 
122 °F.  He shows Type 316 (and Type 316L) has a rate of less than 2 mpy up to 122°F and 50 % NaOH.  Dillon (2000) and Sedriks (1996) 
both state that the 300 series are acceptable in up to 50 % NaOH at temperatures up to about 122 °F or slightly above.  Davis (1994) states 
the corrosion rate for Type 304L in pure NaOH will be less than about 0.1 mpy up to about 212 °F though Sedriks states the data beyond 
about 122 °F are incorrect.   
 
In this system, the normal pH and temperature are such that either Type 304L or Type 316L stainless steel will be acceptable for both the 
water side and the process side. 
 
Conclusion:  
At the stated concentrations of halides, either Type 304L or Type 316L stainless steel will be satisfactory.   
 
b Pitting Corrosion 
Chloride is known to cause pitting in acid and neutral solutions.  Dillon (2000) is of the opinion that in alkaline solutions, pH>12, chlorides 
are likely to promote pitting only in tight crevices.  Dillon and Koch (1995) are both of the opinion that fluoride will have little effect in an 
alkaline media.  If the chloride concentrations are low at the low pH and high at the high pH, then even the low pH conditions are expected 
to be benign towards Type 304L.  Revie (2000) and Uhlig (1948) note nitrate inhibits chloride pitting.   
 
Normally the cooler is to operate between 77 and 113°F.  At the normal temperature, based on the work of Zapp (2001) and others, Type 
304L stainless steel would be acceptable in the proposed alkaline conditions.   
 
If the exchanger were filled with process water and left stagnant, there would be a tendency to pit.  The time to initiate would depend on the 
amount of residual chlorides. 
 
Conclusion:   
Based on the normal operating conditions, and because the system is maintainable, Type 304 is acceptable.  Water flow should be 
maintained on the cold side. 
 
c End Grain Corrosion 
End grain corrosion only occurs in metal with exposed end grains 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.  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 a few 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.  The use of “L” grade stainless steel reduces the opportunity for sensitization. 
 
Neither Type 304L nor Type 316L are susceptible to stress corrosion cracking at the proposed conditions. 
 
Conclusion:   
With the given conditions, Type 304L is acceptable. 
 
e Crevice Corrosion 
Crevice corrosion is not anticipated on the alkaline process side.  Because of the built-in crevices and operating temperatures, crevice 
corrosion is a potential concern on the water side. 
 
Conclusion:  
To minimize crevice corrosion, water flow should be maintained on the cold side. 
 
f Corrosion at Welds 
Corrosion at welds is not considered a problem in the proposed environment.   
 
Conclusion:  
Efforts should be made to minimize spacer welds.  Otherwise, weld corrosion is not considered a problem for this system.   
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g Microbiologically Induced Corrosion (MIC) 
The proposed operating conditions are not conducive to microbial growth on the process side.  The chilled water is treated to prevent MIC. 
 
Conclusion:  
MIC is not considered a problem. 
 
h Fatigue/Corrosion Fatigue 
Not expected to be a concern. 
 
Conclusions:  
Not a concern. 
 
i Vapor Phase Corrosion 
Not expected in this system. 
 
Conclusion:  
Not considered to be a concern. 
 
j Erosion 
Velocities within the coolers are expected to be low.  Further, the particles are soft.  Based on 24590-WTP-RPT-M-04-0008, a general 
erosion allowance of 0.016 inch is adequate for the slurry side with solids content less than 27.3 wt% and 0.004 inch is adequate for the 
water side with solids content less than 2 wt%.  Therefore, a combined corrosion/erosion allowance of 0.040 inch on all wetted surfaces is 
adequate.  
 
Conclusion:  
Heat exchangers are designed to minimize expected erosion.  Additionally, the heat exchangers are replaceable. 
 
k Galling of Moving Surfaces 
Not applicable. 
 
Conclusion:  
Not applicable. 
 
l 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 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 
Higher chloride contents and higher temperatures usually require higher alloy materials.  Nitrate ions inhibit the pitting and crevice 
corrosion of stainless alloys.  Furthermore, nitric acid passivates these alloys; therefore, lower pH values brought about by increases in the 
nitric acid content of process fluid will not cause higher corrosion rates for these alloys.  The upset condition that was most likely to occur is 
lowering of the pH of the stream by inadvertent addition of 2 M nitric acid.  Lowering of pH may make a chloride-containing solution more 
likely to cause pitting of stainless alloys.  Increasing the nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate ion 
to the process fluid.  In addition, adding the nitric acid solution to the stream will dilute the chloride content of the process fluid. 
 
Conclusion:  
The recommended materials will be able to withstand a plausible inadvertent addition of 2 M nitric acid for a limited period. 
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24590-WTP-RPT-PR-04-0001, Rev. CC 
WTP Process Corrosion Data 

 
                                                                                                                                                      *                                        
* According to 24590-WTP-RPT-ENG-07-007, Process Stream Properties, the nominal operating temperature range for 

UFP-HX-00001A/B is 77 to 113 °F. 
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