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Results 

Materials Considered: 

Material Acceptable Material 
(UNS No.) 

Tvoe 304L (S30403) 
Tvoe 316L (S31603) 
AL-6XN® 6% Mo (N08367) X 
Hastelloy® C22® (N06022) X 

Recommended Material Type: Vessel - N08367 or Hastelloy® C-22® 
Internals - N08367 or Hastelloy® C-22® 

Other specialty metals could be used for internals such as the bubble tray and mesh pad but are not required. 

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

Inputs and References 
• Operating temperature (°F) (nom/max): 116/150 (24590-BOF-MEC-DEP-0000 I) 
• Design corrosion allowance 0.040 inch (24590-WTP-M0C-50-00004) 
• Uniform corrosion allowance: 0.024 inch (24590-WTP-M0E-50-00012) 
• Uniform erosion allowance: 0.016 inch (24590-WTP-M0C-50-00004) 
• Location: Room E-0103 (24590-BOF-Pl-25-00001) 
• Operating conditions are as stated in the applicable section of Direct Feed LAW Process Corrosion Data (24590-BOF-RPT-PR-l 5-00 I) 

Assumptions and Supporting Justifications (see Section 19-References) 
• Operating conditions presented on the PCDS are conservative with respect to corrosion. 4 

• Solids concentrations are not provided in the PCDS at this time. The range for solids concentration will be established in the DFLA W 
PIBOD. For the purposes of establishing a minimum uniform erosion allowance, solids concentration is assumed to be greater than 
2 wt%. The erosion allowance under this assumption will be bounding. The design corrosion allowance is unchanged by this 
assumption. No justification for using a greater than 2 wt% solids is necessary; actual solids concentration will be available at a later 
rev1s1on. 

• To improve demister mesh pad efficiency, minimize salt buildup, and facilitate decontamination, spray piping is provided above and 
below the demister mesh pads to spray recycled condensate into the steam flow. The placement of spray nozzles shall accommodate 
demister section removal and not hinder maintenance operations. 1 

Operating Restrictions 
• To protect against localized corrosion in the vessel and transfer piping, develop procedure to bring the vessel contents within the limits 

defined for the material of construction as documented in 24590-WTP-RPT-M-11-002, WTP Materials Localized Corrosion Design 
Limits, in the event that sampling shows the vessel contents exceeds those limits. 

• Develop a procedure to control, at a minimum, cleaning, rinsing, and flushing of vessel and internals, as applicable. 
• Develop a procedure to control lay-up and storage; includes both before plant is operational and inactive periods during plant operation. 
• Procedures are to be reviewed and accepted by MET prior to use. · 
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CORROSION EVALUATION 

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. 
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Corrosion/Erosion Detailed Discussion 
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The DEP Evaporator Separator Vessel (DEP-EV AP-00001) receives feed from the Evaporator Feed Vessel (DEP-VSL-00002) that passes 
through the DEP Evaporator Reboiler (DEP-RBLR-00001 ). The stream from the DEP Evaporator Reboiler is introduced below the liquid 
level and evaporates in the vacuum atmosphere at the liquid surface. The evaporator is operated at vacuum. The overhead vapors, mainly 
water, pass through an impingement plate tray and a demister pad to remove entrained liquid, with the water vapor continuing on to the main 
condenser (DEP-COND-00001 ). The bottom liquid is recirculated to the reboiler (DEP-RBLR-00001) or sent to the evaporator concentrate 
vessels (DEP-VSL-00003NB/C). 

1 General/Uniform Corrosion Analysis 

a Background 
General corrosion or uniform corrosion is corrosion that is distributed uniformly over the surface of a material without appreciable 
localization. This leads to relatively uniform thinning on sheet and plate materials and general thinning on one side or the other (or both) 
for pipe and tubing. It is recognized by a roughening of the surface and by the presence of corrosion products. The mechanism of the 
attack is an electrochemical process that takes place at the surface of the material. Differences in composition or orientation between 
small areas on the metal surface create anodes and cathodes that facilitate the corrosion process. 

b Component-Specific Discussion 
The vessel contents are evaporator concentrate at a nominal operating temperature range 116 °F (150 °F max) at pH 12.4. Based on the 
expected normal operating conditions, the 300 series stainless steels are not suitable. A more corrosion-resistant 6% Mo alloy, such as 
AL-6XN®, is recommended. Hastelloy® C-22® is also acceptable. The contents are not left stagnant. Under these conditions, the uniform 
corrosion rate is low. As design progresses, specialty metals may be required for vessel sub-components. 

2 Pitting Corrosion Analysis 

Pitting is localized corrosion of a metal surface that is confined to a point or small area and takes the form of cavities. According to 
Dillon (2000), in alkaline solutions, pH> 12, chlorides are likely to promote pitting only in tight crevices. Normally the vessel is to operate at 
116 °F ( 150 °F max) at a nominal pH of 12.4. The vessel is operated such that conditions do not promote pitting corrosion. The solution in 
the vessel is not left stagnant. 

The chemistry and operating conditions in this vessel fall within the limits established for AL-6XN® and Hastelloy® C-22® in Tables 1-3 
and Table 1-4 of WTP Materials Localized Corrosion Design Limits report, 24590-WTP-RPT-M-11-002. For convenience, this comparison 
is documented on page 6 of this corrosion evaluation. 

3 Crevice Corrosion Analysis 

Crevice corrosion is a form of localized corrosion of a metal or alloy surface at, or immediately adjacent to, an area that is shielded from full 
exposure to the environment because of close proximity of the metal or alloy to the surface of another material or an adjacent surface of the 
same metal or alloy. Crevice corrosion is similar to pitting in mechanism. 

Crevices in this vessel are limited by the design and fabrication practice. All welding uses butt welds and crevices are limited to wash 
ring hangers and other internals. With the stated operating conditions, a 6% Mo alloy would be the minimum acceptable. 

The chemistry and operating conditions in this vessel fall within the limits established for AL-6XN® and Hastelloy® C-22® in Tables 1-3 
and Table 1-4 of24590-WTP-RPT-M-1 l-002. 

4 Stress Corrosion Cracking Analysis 

Stress corrosion cracking (SCC) is the cracking of a material produced by the combined action of corrosion and sustained tensile stress 
(residual or applied). 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 concentrations as low as IO ppm can lead to 
cracking under some conditions. 

The chemistry and operating conditions in this vessel fall within the limits established for AL-6XN® and Hastelloy® C-22® in Tables 1-3 
and Table 1-4 of24590-WTP-RPT-M-l l-002. 

5 End Grain Corrosion Analysis 

End grain corrosion is preferential corrosion which occurs along the cold working direction of wrought stainless steels that is exposed to 
highly oxidizing acidic conditions. End grain corrosion is exclusive to metallic product forms with exposed end grains from shearing or 
mechanical cutting. Conditions which lead to end grain corrosion are not present in this component; therefore, end grain corrosion is not a 
concern. 
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The welds used in the fabrication will follow the WTP specifications and standards for quality workmanship. The materials selected for this 
fabrication are compatible with the weld filler metals and ASME/ A WS practice. Using the welding practices specified for the project, there 
should not be gross micro-segregation, precipitation of secondary phases, formation of unmixed zones, or volatilization of the alloying 
elements that could lead to localized corrosion of the weld. The low carbon content in austenitic stainless steels and nickel alloys, like AL-
6XN®, specified for WTP prevent base metal sensitization during welding. Controls on the cover gas, heat input, and interpass temperature 
limit the heat tint. Corrosion at welds is not considered a problem in the proposed environment. No additional allowance is made for weld 
bead corrosion. 

7 Microbiologically Influenced Corrosion Analysis 

Microbiologically influenced corrosion (MIC) refers to corrosion affected by the presence or activity, or both, of microorganisms. Typically, 
with the exception of cooling water systems, MIC is not observed in operating systems. The proposed operating conditions are not conducive 
to microbial growth. Rinsing with untreated process water may be a concern; rinsing with demineralized water is recommended. 

Conditions that lead to MIC are not present in this system. 

8 Fatigue/Corrosion Fatigue Analysis 

Fatigue is the process of progressive localized permanent structural change occurring in a material subjected to fluctuating stresses at less than 
the ultimate tensile strength of the material. Corrosion fatigue is the process wherein a metal fractures prematurely under conditions of 
simultaneous corrosion and repeated cyclic loading at lower stress levels or fewer cycles than would be required to cause fatigue of that metal 
in the absence of the corrosive environment. Corrosion fatigue is not an issue because the number ofloading cycles for the operation window 
is limited and low. The number of thermal cycles (room temperature to 150 °F max) is also low. 

9 Vapor Phase Corrosion Analysis 

Conditions in the vapor phase and at the vapor/liquid interface can be significantly different than those present in the liquid phase. The vapor 
space corrosion is self-limiting due to the passive film. Also, the layers of deposited corrosion product on top of the passive film act as 
barriers that reduce mass transport necessary for corrosion. Corrosion rates of materials exposed to vapors in the headspace are never greater 
than the corrosion during immersion service. The corrosion at the liquid air interface (LAI) interface is an oxygen concentration cell resulting 
from the alternate wetting and drying. Vessels that do not maintain a constant liquid level do not tend to form a surface crust and are not 
expected to be susceptible to LAI corrosion. Corrosion at the LAI could be similar to immersion service and not usually greater. WTP 
vessels also have the protective passive film at the LAI which reduces corrosion. Further, the liquid level fluctuates between the minimum 
and maximum level, rather than maintaining a constant level. As compared to the corrosion in the immersion section, the corrosion rates in 
the vapor space are much lower. Vapor phase corrosion is not a concern. 

10 Erosion Analysis 

Erosion is the progressive loss of material from a solid surface resulting from mechanical interaction between that surface and a fluid, a multi
component fluid, or solid particles carried with the fluid. Velocities within the vessel are expected to be below 12 ft/s. Erosion allowance of 
0.016 inch for Type 304L and 3 l 6L stainless steel components with solids content greater than 2 wt% (bounding) at velocities below 12 ft/s is 
based on 24590-WTP-M0C-50-00004, Wear Allowance for WTP Waste Slurry Systems. However, there is a pre-filter located upstream of the 
evaporator, so it is unlikely that the final solids content will exceed 2 wt%. 

Since both AL-6XN® and Hastelloy® C-22® are stronger and harder than the austenitic stainless steels, the erosive wear allowance is 
conservative when used for AL-6XN® and Hastelloy® C-22®. 

The recommended general erosion wear allowance provides sufficient protection for erosion of the vessel walls. 

11 Galling of Moving Surfaces Analysis 

Where two metals are moving in contact with each other without lubrication, there is a risk of damage to their surfaces. Design options for the 
evaporator may include bubble caps or valve tray. The bubble cap design allows the cap to rotate around the support fastener. If there will be 
sufficient load for galling to occur, then a galling-resistant material should be used. Otherwise, if the load is not sufficient to cause galling, 
there is no need to recommend a galling-resistant material; the specified material, Hastelloy® C-22®, is satisfactory. 

12 Fretting/Wear Analysis 

Fretting corrosion refers to corrosion damage caused by a slight oscillatory slip between two surfaces. Similar to galling but at a much 
sma11er movement, the corrosion products and metal debris break off and act as an abrasive between the surfaces, producing a classic 
three-body wear problem. This damage is induced under load and repeated relative surface motion. Conditions which lead to fretting are not 
present in the vessel; therefore, fretting is not a concern. 
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Galvanic corrosion is accelerated corrosion caused by the potential difference between the two dissimilar metals in an electrolyte. One material 
becomes the anode and the other the cathode; corrosion occurs on the anode material at the interface where the potential gradient is the greatest. 
A potential difference of greater than 200 m V is sufficient to drive corrosion. The potential difference for any combination of austenitic 
stainless steels, 6% Mo and, the nickel alloys is not sufficient for galvanic currents to overcome the passive protective film. For such alloys, 
there is negligible potential difference, so galvanic corrosion is not a concern. 

Several alloys may be used in this vessel, but they are sufficiently similar that corrosion potential differences will be small. Therefore, it can be stated 
that conditions which lead to galvanic corrosion are not present in this vessel. 

14 Cavitation Analysis 

Cavitation is the formation and rapid collapse of cavities or bubbles of vapor or gas within a liquid resulting from mechanical or 
hydrodynamic forces. Cavitation is typically associated with pumps and orifice plates, not vessels. Cavitation is not a concern. 

WTP design limits conditions which lead to cavitation; therefore, cavitation is not a concern. 

15 Creep Analysis 

Creep is time-dependent strain occurring under stress and is described as plastic flow, yielding at stresses less than the yield strength. Creep is 
only experienced in plants operating at high temperatures. Temperatures much greater than one half the absolute melting temperature of the 
alloy are necessary for thermally activated creep to become a concern. The vessel operating and design temperatures are too low to lead to 
creep; therefore, creep is not a concern. 

16 Inadvertent Addition of Nitric Acid 

At this time, the design does not provide for the regular use of nitric acid reagent in this system. Addition of nitric acid into the system would 
require operator intervention to complete the routing. Nitric acid is a known inhibitor solution for austenitic stainless steels and nickel-based 
alloys. The presence of nitric acid is not a concern for the stainless steel; especially at the operating temperatures listed. 

17 Conclusion and Justification 

The conclusion of this evaluation is that DEP-EVAP-00001 can be fabricated from AL-6XN® or Hastelloy® C-22® and is capable of 
providing 40 years of service. Based on the expected operating conditions, both AL-6XN® Hastelloy® C-22® are expected to be 
satisfactorily resistant to uniform and localized corrosion. The expected uniform corrosion loss over 40 years is 0.024 inch. The expected 
uniform erosion loss over 40 years is 0.016 inch (bounding). A total general corrosion and erosion allowance of0.04 inch is recommended 
and is sufficient. 

Sections of the issued Process Corrosion Data report (PCDS) (attached to the corrosion evaluation) include several references to the Process 
Inputs Basis of Design (PIBOD)for LAW and EMF. 24590-WTP-DB-PET-17-001 which was not issued at the time the PCDS was 
issued. The PIBOD for LAW and EMF has been issued. Any variance in the values between the PIBOD and PCDS associated with streams 
and stream characteristics used to evaluate corrosion and erosion have been reviewed and evaluated. The evaluation concluded that the 
analysis described in this corrosion evaluation was bounding and the material selection recommendations remain as initially issued. 

Conditions do not suggest that localized erosion will occur; therefore, no localized erosion allowance is necessary for the vessel. 

18 Margin 

The vessel is designed with a uniform corrosion allowance of0.04 inch based on the range of inputs, system knowledge, handbooks, 
literature, and engineering judgment/experience. The service conditions used for materials selection has been described above and results in a 
predicted uniform loss due to uniform corrosion and erosion of0.040 inches. The recommended corrosion allowance exceeds the minimum 
required allowance for corrosion and erosion specified in the input calculations. The uniform corrosion design margin for the operating 
conditions is sufficient to expect a 40 year operating life and is justified in the referenced calculation (24590-WTP-M0C-50-00004 ). No 
localized erosion of this component is expected. Since localized erosion effects are not present, additional localized corrosion protection is 
not required. 

The erosion allowance of0.016 inch is based on 24590-WTP-M0C-50-00004, Wear Allowance for WTP Waste Slurry Systems. The 
recommended uniform erosion allowance provides sufficient protection for erosion of the vessel walls. The margin in the erosive wear 
allowance is contained in the referenced calculation (24590-WTP-M0C-50-00004). 

The maximum operating parameters for this vessel are defined in the PCDS. As shown in the table on the next page, the PCDS calculated pH, 
chemistry, and temperature are bounded by the materials localized corrosion design limits documented in the WTP Materials Localized 
Corrosion Design Limits report. The difference between the design limits and the operating maximums (PCDS value) is the localized 
corrosion design margin and, based on the operating conditions, is sufficient to expect a 40 year operating life. The DEP Evaporator 
Separator Vessel, DEP-EVAP-00001, is protected from localized corrosion (pitting, crevice, and stress corrosion) by operating within the 
acceptable range of the design limits. Operational and process restriction will be used to ensure the limits are maintained. 
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MATERIALS LOCALIZED CORROSION DESIGN LIMITS - AL-6XN® 

Temnerature .I!!! Chlorides 
(OF) <oom) 

DESIGN LIMIT 212 max 2: 10 25,000 max 

Evaporator Concentrate To 
DEP-VSL-00003A/B/C 150 12.43 22,500 

(DEP05) 

Inlet Vessels to DEP-EV AP-00001 Temnerature .I!!! Chlorides 
(OF) <nnm) 

DESIGN LIMIT 212 max 2: 10 25,000 max 

Evaporator Feed from 
DEP-VSL-00002 166 12.0 8793 

(DEP02) 

MATERIALS LOCALIZED CORROSION DESIGN LIMITS - HASTELLOY® C-22® 

Temnerature .I!!! 
(OF) 

DESIGN LIMIT No limit 2: 10 

Evaporator Concentrate To 
DEP-VSL-00003A/B/C 150 12.43 

(DEP05) 

Inlet Vessels to DEP-EVAP-00001 Temnerature .I!!! 
(OF) 

DESIGN LIMIT 212 max 2: 10 

Evaporator Feed from 
DEP-VSL-00002 166 12.0 

(DEP02) 

Inlet vessels to DEP-EV AP-00001 based on 24590-BOF-RPT-PR-15-001, Section 4.4, and Figure 5. 

References sources for this table: 

Chlorides 
<oom) 

30,000 max 

22,500 

Chlorides 
(oom) 

25,000 max 

8793 

I. Design limits - 24590-WTP-RPT-M-11-002, WTP Materials locali=ed Corrosion Design limits 
2. DEP-VSL-00002 (DEP02)-24590-BOF-RPT-PR-15-00I, Direct Feed LAW Process Corrosion Data, Figure A-3 
3. DEP-EVAP-00001 (DEP05) -- 24590-BOF-RPT-PR-15-001, Direct Feed LAW Process Corrosion Data, Figure A-4 
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I. 24590-BOF-3PS-MEVV-T000I, DFLAW Ejjluent Management Facility Process System (DEP) Evaporator System. 
2. 24590-BOF-MEC-DEP-0000 I, DFLA W EMF Process System (DEP) Evaporator Operating Conditions, Heating/Cooling Duty, and 

Utility Requirements. 
3. 24590-BOF-Pl-25-0000 I, Balance of Facilities LAW Ejjluent Process Bldg & LAW Ejjluent Drain Tank Bldg General Arrangement 

Plan at Elev 0 Ft - 0 In. 
4. 24590-BOF-RPT-PR-15-001, Direct Feed LAW Process Corrosion Data. 
5. 24590-WTP-DB-PET-17-001, Process Inputs Basis of Design (PI BOD) for LAW and EMF 
6. 24590-WTP-M0C-50-00004, Wear Allowance for WTP Waste Slurry Systems with ECCN 24590-WTP-M0E-50-000/ 2. 
7. 24590-WTP-RPT-M-11-002, WTP Materials Localized Corrosion Design Limits. 
8. CCN 130173, Dillon, CP (Nickel Development Institute), Personal Communication to J R Divine (ChemMet, Ltd., PC), 3 Feb 2000. 

Additional Reading 

• Danielson, MJ & SG Pitman, 2000, Corrosion Tests of 3/6L and Haste/lay C-22 in Simulated Tank Waste Solutions, PNWD-3015 
(BNFL-RPT-019, Rev 0), Pacific Northwest Laboratory, Richland WA 

• Davis, JR (Ed), 1987, Corrosion, Vol/ 3, In "Metals Handbook", ASM International, Metals Park, OH 44073 
• Davis, JR (Ed), 1994, Stainless Steels, In ASM Metals Handbook, ASM International, Metals Park, OH 44073 
• Hamner, NE, 1981, Corrosion Data Survey, Metals Section, 5th Ed, NACE International, Houston, TX 
• Jones, RH (Ed.), 1992, Stress-Corrosion Cracking, ASM International, Metals Park, OH 44073 
• 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 
• Ohl, PC & WC Carlos, 1994, Hariford High-Level Evaporator/Crystallizer Corrosion Evaluation, Presented at Corrosion 94, NACE 

International, Houston TX 772 I 8 
• Phull, BS, WL Mathay, & RW Ross, 2000, Corrosion Resistance of Duplex and 4-6% Mo-Containing Stainless Steels in FGD Scrubber 

Absorber Slurry Environments, Presented at Corrosion 2000, Orlando, FL, March 26-31, 2000, NACE International, Houston TX 77218 
• Revie, WW, 2000. Uhlig's Corrosion Handbook, 2nd Edition, Wiley-Interscience, New York, NY 10158 
• Sedriks, AJ, 1996, Corrosion of Stainless Steels, John Wiley & Sons, Inc., New York, NY 10158 
• Uhlig, HH, 1948, Corrosion Handbook, John Wiley & Sons, New York, NY IO 158 
• Van Delinder, LS (Ed), 1984, Corrosion Basics, NACE International, Houston, TX 77084 
• Wilding, MW and BE Paige, 1976, Survey on Corrosion of Metals and Alloys in Solutions Containing Nitric Acid, ICP- I I 07, Idaho 

National Engineering Laboratory, Idaho Falls, ID 
• Zapp, PE, 1998, Preliminary Assessment of Evaporator Materials of Construction, BNF---003-98-0029, Rev 0, Westinghouse Savannah 

River Co., Inc for BNFL Inc. 
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PROCESS CORROSION DATA SHEET (ext ract} 

Component(s) (Name/ID #) DEP Evaporator Separator Vessel (DEP-EYAP-QQQQ1 l 

Facility EMF ------

Stream ID l DEP05 
Chemicals Unit AQUEOUS 
Cations (ppm) 

AI•3 (Aluminum) ppm 271 4 

Fe"3 (Iron) ppm 2938 

Hg•2 (f,..1ercurv) ppm 0 

Pb+2 (Lead) ppm 145 

Anions (ppm) 

er (Chloride) ppm 22500 

co3-
2 (Carbonate) ppm 431'1 

F (Fluoride) ppm 38156 

NO2- (Nitrite) ppm 906 

NO3- (Nitrate) ppm 4,054 

PO4 -3 (Phosphate) ppm 413 

so/ (Sulfate) ppm 16548 

OH(aar ppm 424 

OH(sr ppm 769 

pH 12.43 

Suspended Solids wt% TBD 

Temperature OF 150.00 

Liquid Density' I lb/ft3 TBD 
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24590-BOF-RPT-PR-15-001, Rev 0 
Direct Feed LAW Process Corrosion Data 

Figure A-4 DEP-EV AP-00001 and DEP-RBLR-00001 Aqueous PCDS 
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Noles: (1) V3lues 1113rl<ed 3S "TBD" ,.;11 be provided in the revision lo 24590-

BOF-M4C-V11T--00004 (Rel, 5.1.4(2)) b3sed on APPS model Nns lo, 

corrosion 

(2) DEP02 V31ues from OEP-VSL-00002 PCDS reported in Figure A--3 
indiding :,queous concenlralions 
(3) OEP04 V31ues from OEP-COND-00001/2/3 PCDS reported in Figure 
A-5 induding :,queous concentrations 
(4) pH ol governing stn,3m C31cul3ted 3S described in Section 32.2 

b3sed oo composile stre:,m concentrations, The pH C3lcul31ion uses 

the s1n>3m density from "OFlAW_High Cl_F Feed Vectors - Le,ch 

Case.xlsx" Results (Rel, 5, 1,4(2), 24590-RMCD--04948) 
(5) M3Xfflllm tempernh.re of DEP-EVAP-00001 separator vessel per 

245~F-MEC-DEP-00001 (Ref, 5.1,4( 12), Section 8) 

(6) M:ixrnum concentrntions of 31 COCs except OH-(:,q) in governing 

slream DEP05 per Ref. 5.1.4(2) T,ble 8-3 
(7) MINIMUM OH-{aq) v31ue for governing sln>am OEP05 per 

Ref. 5. 1.4(2) fable 8-3 

GElVERAL NOTE FOR USE OF PCDS: 

• Tlte infun11alfon prorided by 11, e PCDS repon is imended 
so/e(r for use in supporr of tl,e l'essel material selection 
proa>.H a11d C'o11'Mlo11 E ·nl11ntto11s. ThP lnpms, 
assumptions, and co111p111a1io11al'e11gineeri11g models used 
111 generntmg tire resul!s pre.sellted herem are speqfic to 
rfiis effon Use of the i11fo1111nrio11 presemed her.Jill for 
any 01herp111pose ml! req111rn separate co11S1deraho11 
m,d 111111 ~, · ·i ,o s11ppa, 1 j11 ·1iflcmio11 <if i1s 11s,? .for rl1e 
tfesii'e.d. nllernarii-e pmpose. 

• Tiu, process detcriprtom i ll rhis repon CO'l'l!r 1·011rt111? 
process operahons and 11011-rottrmc> (11~freq11emJ procc>ss 
opl'l',1t101Is . when such e.wst. tha1 could r111pact corrosI011 
or eI osio11 of pro<"es·s e1111ip111eI11. 

•· Tire JU-O<''-L '\' de.scriplio11s pro,·irled in ,his report art- fin 
genernl informarion and ref]ectire of ,he corrosion 
e11ginee1· 's tm(l/;·sts for n'(111spnre11c,·, rile il{fo1111ario11 is 
c11J'l'e11r 01,i,, m 1/,e rim e rhis document is issued. These 
process descnp1io11s should ;10, be refc>rnncc>dfor design. 
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4.4 DEP E,·aporator Separator Vessel (DEP-EVAP-00001), DEP Evaporator Reboiler 
(DEP-RBLR-00001), DEP Evaporator Primary Condenser (DEP-CO~-00001), 
DEP Enporator Inter-Condenser (DEP-COND-00002), and After-Condenser (DEP
CO:\-0-00003) 

4.4.1 Description ofDEP Evaporator Components 

DEP-EVAP-00001 
DEP Evaporator Separator Vessel (DEP-EVAP-00001) receives feed from DEP-VSL-00002 that passes 
through the DEP Evaporator Reboiler (DEP-RBLR-00001). The stream from DEP-RBLR-00001 is 
introduced below the liquid level and flashes in the vacuum atmosphere at the liquid smface. TI1e evaporator 
is operated at vacuum. The overhead vapors. mainly water. pass through an impingement plate tray and a 
demister pad to remove entrained liquid with the water vapor continuing on to the DEP Evaporator Prinuuy 
Condenser (DEP-COND-00001 ). The bottom liquid is recycled to DEP-RBLR-00001 or sent to DEP-VSL-
00003 A.iB/C. 

The DEP Evaporator Recirculation Pump (DEP-PMP-00017) is used to transfer DEP-EV AP-00001 
contents to DEP-RBLR-00001. DEP-RBLR-00001 adds heat to evaporator contents to cause evaporation 
in DEP-EVAP-00001. The Evaporator Concentrate Discharge Pumps (DEP-PJ\fP-00007A!B) will 
discharge concentrate to DEP-VSL-00003A/B/C based on the concentrate density measurement or will 
recirculate the concentrated liquid back to the evaporator. 

The vessel is fitted with level. density. temperanrre. and pressttre instrumentation to monitor temperanu-e. 
pressure. and effluent level within the evaporator. The presstu-e differential is monitored across the 
impingement plate tray and demister. 

DEP-EVAP-00001 is equipped with nozzles to spray process condensate on the de1nister pads to keep them 
dean. DEP-EVAP-00001 has a nozzle for injection of anti-foaming agent. 
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Figure 5 is a sketch of the input and output arrangement of streams for the DEP Evaporator components. 

Figul'e 5 - DEP EYapol'atol' Components Sketch 

DE!'231r-----ill<>---.. 

-1,i,' -
1~------•---

4.4.2 System Functions 

The process functions of DEP evaporator components are as follows: 

• Receive evaporator feed from DEP-VSL-00002 
• Receive antifoam agent addition to prevent excess foaming 
• Concentrate the evaporator feed by boiling off water ,vith heat supplied from the reboilers and 

vacuum conditions provided by the condensers 
• Cool and condense water vapor exiting the evaporator in DEP-COND-00001/2/3. 
• Transfer concentrate to DEP-VSL-00003A.iB/C 
• Transfer condensate to DEP-VSL-00004A/B 
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Tue equipment performs additional system fimctions beyond the process fimctions. but these additional 
fimctions are beyond the scope of this document. These fimctions are not discussed any further in this 
document. however are listed below for completeness. 

• Confine radiplogical materials 

• Sample evaporator concentrate 
• Flush system components 

• Repon system conditions 

4.4.3 Description of Process Functions for the DEP EYaporator Components 

4.4.3.1 Receipt Streams 

4.4.3.1.1 DEP-EVAP-00001 Receipt Streams 

Tue following process streams taken from PFD 24590-BOF-l\15-Vl 7T-00012 (Ref. 5.1.3(2)) and P&ID 
24590-BOF-l\16-DEP-00003001 (Ref. 5.1.3(13)) are inputs to DEP-EVAP-00001. 

• DEP02d - Heated feed stream from DEP-RBLR-00001 
• DEP04g - Evaporator overheads condenser refltt-x 
• DEP04d·'f - Demister Spray 
• DEP12 -Antifoam agent from AFR-TK-00003 

4.4.3.1.1.1 DEP02d - Heated fttd stream from DEP-RBLR-00001 

Tue heated feed stream from DEP-RBLR-00001 to DEP-EVAP-00001 is a combination of the evaporator 
concentrate recirculation stream and the evaporator feed stream. This combined stream is characterized 
by streams DEP05 (evaporator concentrate) and DEP02 (incoming evaporator feed from DEPNSL-
00002). This stream is not modeled in APPS. however the physical properties ofthis stream are bounded 
by the prope11ies for the evaporator concentrate (DEP05). Section 4.4.3.2.1.1. 

4.4.3.1.1.2 DEP04g - Enporator onrheads condenser reflux 

Some of the condensate from the overhead condensers may be recycled back to DEP-EVAP-0000 I: this 
is refetTed to as Reflux mode. TI1e properties of this stream are similar to the properties of stream DEP04 
(Section 4.4.3.2.3.1 ). which is the condensate from the overhead condensers to DEP-VSL-00004A/B. 

4.4.3.1.1.3 DEP04d/f - Demister Spra~· 

Some of the condensate from the overhead condensers is used to spray the demister pads. Tue properties 
of this stream are similar to the propenies of stream DEP04 (Section 4.4.3.2.3.1). which is the condensate 
from the overhead condensers to DEP-VSL-00004A-B. TI1is stream passes through DEP-FIL T-
00004A/B before being sprayed in the demic:,ter pads. 

~ote that since the stream passing through demister spra~· stream is identical to the DEP04, DEP
FILT-00004A/B is cowred b~· the same PCDS as DEP-CO:'lal>-00001/2/3, as sho-m1 in Appendix A 
PageA-8. 
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4.4.3.1.1.4 DEP12 -Antifoam agtnt from AFR-TK-00003 

Antifoam agent from AFR-TK-00003 is added to DEP-EVAP-00001 to prevent excessive foaming. This 
is done to minimize aerosols in the overhead leaving DEP-EVAP-00001. The properties for su-eam 
DEP12 sho\\11 below are based on Dov.' Corning Q2-3183A antifoam. Dow Corning Q2-3183A 
antifoam is the expected anti-foam for use in DEP-EV AP-00001. as it \\'as recoUllllended for use in 
treated LAW evaporators (SCT-M0SRLE60-00-192-0l. Section 1.6. Ref. 5.1.1(16)). Dow Corning Q2-
3183A antifoam primarily consists of polypropylene glycol (Product SDS. Page 1. Ref. 5.2(5)). 

Sodium ~Iola1in· 
According to the makeup of antifoam. the sodium molarity is negligible. 

Ttmpuahlrt' 
The temperanll"e range for sn-eam DEP 12 will be established in the DFLA W PIBOD. 

Solids Conrtnn·atton 
Dow Coming Q2-3183A antifoam contains between 1 to 5 \Vt~o treated amorphous silica solids (Ref. 
5.2(5). Page 1). 

Df-nstn· 
The specific gravity of DEP12 is 1.0. based on the specific gravity specified in the antifoam l\lSDS (Ref. 
5.2(5). Page 5). 

Pl! 
The pH for Dow Coming product Q2-3183A antifoam is not reported on the Safety Data Sheet. The 
quantities of antifoam added in DEP-EVAP-00001 are small and have negligible pH effect on the waste 
properties. 

4.4.3.2 Transfer Process Fluids 

4.4.3.2.l DEP-EVAP-00001 Transft'r Strtams 

The following process streams taken from PFD 24590-BOF-M5-Vl 7T-00012 (Ref. 5.1.3(2)) and P&IDs 
24590-BOF-l\16-DEP-00003001 (Ref 5.1.3(13)) and 24590-BOF-l\16-DEP-00003003 (Ref. 5.1.3(15)) 
are outputs from DEP-EVAP-00001. 

• DEP05 - Evaporator concentrate to DEP-VSL-00003AiH/C 
• Evaporator concentrate recirculation to DEP-RBLR-00001 
• DEP05e - Off-spec Renll"ll to DEP-VSL-00002 
• DEP19- Evaporator overhead to DEP condensers (DEP-COND-00OOV2i3) 
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4.4.3.2.1.1 DEP0S - E,·aporator CODCt'Dtratt' to DEP-VSL-00003A/B/C 

Stream DEP05 is the evaporator concentrate product transferred from the bottom ofDEP-EVAP-00001 to 
DEP-VSL-00003AiBiC. 

Sodium :\lola11tY 
TI1e maximum sodium concentration in Stream DEP05 is 81\f. Tiris corresponds to the maxinmm sodium 
concentration for treated Li\.\V feed in ICD 30. Table 5 (Ref. 5.1.1(6)). The sodium concentration range 
for stream DEP05 range will be established in the DFL.A W PIBOD. 

T t>mpt>rahlrt' 
The nonnal and maximum temperamres for stream DEP05 are l 16"°F and 150°F respectively. based on 
the operating temperatures ofDEP-EVAP-00001 (Ref. 5.1.4(8). Section 8). TI1e temperanU"e range for 
stream DEP05 will be established in the DFL\ W PIBOD. 

Solids Conrt'ntration 
The range for solids concenn·ation in DEP05 \\ill be established in the DFLA W PIBOD. 

Dt'nsitY 
The range for density in sn·eam DEP05 during nonnal operations will be established in the DFL\ W 
PIBOD. 

I!!! 
The range for pH in stream DEP05 dming nonnal operations will be established in the DFLA W PIBOD. 

4.4.3.2.1.2 E,·aporator Conrtntratt Rtcinolation to DEP-RBLR-00001 

The concenn·ate from DEP-EVAP-00001 is recirculated back to the reboiler via DEP-PMP-00017. Tiris 
sn·eam is combined with the waste feed from DEP-VSL-00002 to be circulated and heated through the 
reboiler. This stream \Vill have the same properties as stream DEP05 in Section 4.4.3.2.1.1. 

4.4.3.2.1.3 DEP0St- Off-sptr Rt>hll'D to DEP-VSL-00002 

Evaporator concenn·ate is typically transferred to DEP-VSL-00003AiB!C. In an off-nonnal case. the 
sn·eam can be routed back DEP-VSL-00002. 

This is a non-routine condition and is not modeled in APPS. Therefore. the stream is not discussed any 
ftuther in this docmnent. 
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4.4.4 Process Modes 

4.4.4.1 Normal Operations 

Based on the assessment of streams frequently transfeiTed in and out of DEP-EVAP-00001. the following 
processing modes are considered: 

DEP-EV AP-00001 
/11/et sn·ea111s: 

• DEP02d- Heated feed stream from DEP-RBLR-00001 
• DEP04d.if - Demister Spray 
• DEP12 -Antifoam agent from AFR-TK-00003 

Outlet sn·ea111s: 

• DEP05 - Evaporator concentrate to DEP-VSL-00003A./B/C 
• Evaporator concentrate recirculation to DEP-RBLR-00001 
• DEP19 - Evaporator overhead to DEP condensers (DEP-COND-00001/2/3) 

4.4.4.2 Infrequent Operations 

Based on the assessment of streams infrequently n,msferred in and out of DEP-EVAP-00001. the 
following processing modes are not considered: 

DEP-EV AP-00001 
/11/et sn·ea111s: 

• DEP04g- Evaporator Overheads Condenser RefltLX 

Outlet sn·ea111s: 

• DEP05e - Off-spec Renllll to DEP-VSL-00002 
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4.4.5 

4.4.5.1 

Summary of Processing Conditions for the DEP EYaporator Components 

Normal Operations 

The follo\\ing tables sunllllarize the nonnal process streams for the DEP Evaporator components. 

Table 4-5 - DEP-EV AP-00001 ~ormal Ope.-attons 

Na Molarity (mol/L) Temperature (OF) UDS(wt%) 

stream Number Low Nonnal Upper Low Nonnal Uooer Low ~onnal Upper 
OEP02d mo mo 8 TBO 116 150 mo mo mo 
OEP04d/f 0 mo mo mo 109 mo 0 mo TBO 

OEP12 0 0 0 mo TBO mo 0 0 0 
OEP05 TBO mo 8 TBO 116 150 mo mo TBO 
Evaporator 
concentrate 
recirculation to mo TBO 8 mo 116 150 TBO TBO TBO 
OEP-RBLR.-
00001 
OEP19 ~/A N/A N/A TBO 109 143 0 0 0 
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