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Notice

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic
Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities
exclisively by DOE acting pursuant fo 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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1 Introduction

The Washington Administrative Code, WAC 173-303-640(4)(e), addresses tank systems containing
dangerous waste. This code requires that secondary containment systems be designed to contain 100 %
of the capacity of the largest tank within its boundary. Because the tank system addressed in this
docurment is in an outdoor uncovered area, also included is the containment of the rainfall.

Flooding scemnarios for rooms within the PT facility have been addressed in prior issued documents. This
report specifically addresses flooding scenarios for Room P-0150, a tank containment area located outside
the PT building, which contains the Radioactive Liguid Waste Disposal (RLD} tanks RLD-TK-00006A
and RLD-TK-00006B. The flooding scenario addressed in this document establishes the minimum
requirements for secondary containment in Room P-0150. '

2 Applicable Documents

WAC 173-303, Dangerous Waste Regulations, Washington Administrative Code

3 Description
3.1  Background

The PT facility receives low-activity waste (LAW) feed and high-level waste (HLW) feed from the
Double-Shell Tank System. This mixed waste feed is pumped through double-walled underground
transfer lines to t'ne PT facility.

The purpose of the PT facility is to pretreat the waste received from the Double-Shell Tank System and to
transfer it to the LAW and the HLW vitrification facilities. Within the LAW and HLW vitrification
facilities, the waste is formed mnto glass logs suitable for long-term disposal.

Within the PT facility, the LAW feed is transferred to the waste feed receipt process (FRP) vcssels
(FRP-VSL-00002A/B/C/D), while the HLW feed is sent to the HLW feed receipt vessel

(HLP-VSL-00022). These wastes are temporarily stored in the vessels before being pumped and treated
by the PT processing equipment.

These vessels are located in black cells and are not accessible. The black cells are arranged in a “U”
shape around a central hot cell in the PT facility, where major processing equipment is located.

The hot cell is remotely maintainable with the use of 2 crane system. Below the center of the hot cell are
two adjacent rooms in the deep pit at the 45 ft elevation. This is the low point for the PT facility. Within

these rooms are the plant wash and disposal (PWD) ultimate overflow vessel (PWD-VSL-00033) and the
HLW effluent transfer vessel (PWD-VSL-00043).

The FRP vessels are the largest in the PT facility. The flood scenanio at 0 ft elevation addressed a

postulated failure of one FRP vessel and the movement of its fluid from a black cell to the hot cell, and
then to the 45 ft clevation pit in Flooding Volume for Below Grade and 0 Ft Elevation in PT Facility
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" (24590-PTF-PER-M-02-005). The flooding scenario also addressed the fire water pit at the -19 ft
clevation.

The RLD tanks RLD-TK-00006A and RLD-TK-00006B, located in Room P-0150 (2 concrete
containment area) outside of the PT building, receive, sample, and discharge low activity effluent. The
majority of the inventory contained in these tanks is process condensate generated in the PT facility
evaporators, but these tanks also receive and store alkaline scrubber and other low activity liquids routed
from RLD-VSL-00017A/B located in the PT facility. Liquid effluents stored in RED-TK-00006A/B are

pumped to the Liquid Effluent Retention Facility (LERF) and Effiuent Treatment Facility (ETF) for
further treatment prior to disposal.

3.2  Room P-0150 Flooding Volume

Room P-0150 is a concrete containment area located outside the PT building on the northeast side of the
- building. It provides secondary containment for tanks RLD-TK-00006A/B, which are the only tanks

within this containment area. The room is completely enclosed by the walls and there is no overhead
covering or roof,

Each tank sits on a pedestal that is octagonal in shape. Also located in this room are six pumps on
individuzal pedestals, with associated piping. There are 12 concrete posts in the room. The secondary
containment includes a low point sump (RLD-SUMP-00003). The floor of the containment area also
includes a covered trench between each tank and a sump. The floor and the trench are sloped towards the
sump. The room’s concrete walls and floor are provided with a special protective coating to contain

liquid in case of leakage. For simplicity, these walls and the floor will be referred to as the “secondary
containment”.

The minimum height for the secondary containment is based on the flooding volume. The basic
methodology used to calculate the minimum secondary containment height is to divide resulting volume
by the available room area. The available room area is reduced by the area of the tank and pump
pedestals. The height of the secondary containment is determined from the top of the floor but for
conservatism, 1o credit is taken for the volume created by the slope of the floor.

3.3  Calculation of the Minimum Height of the Secondary Containment Wall

For calculating the minimum height of the secondary containment wallg, the following scenario is
considered.

The total volume of the fluid contained in one of the two tanks is discharged by leakage or spillage into
the secondary containment. Added to this volume of fluid is the maximum accumulation of rainwater for
duration of 24 hours. Refer to Appendix A for basis of rainwater, Therefore, the secondary containment
wall is sized to handle the volume of rainwater in addition to the 100 % capacity of the tank.

The secondary containment is calculated in three parts:'

Part 1 Determination of Flooding Volume

a) Determine the volume of the tank (V,u) by adding the sum of the volumes of the cylindrical section
and the cone roof section. The volume of the entire conical section is included with the cylindrical
section volume for conservatism.

Page 2
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b) Determine the volurne of the rainwater (V) for the area of the room.
c) Determine the total flooding volume (V0a) by 2dding Vi and V.
Part 2 Allowance for Other Components

a) To account for space that is unavailable due to other auxiliary coniponents (piping and structural posts)
in the room, a design aliowance of 5 % 1s added to Vyg,eq.

b) The volume of sump RLD-SUMP-00003 (78 cu ft) is considered negligible compared 10 Vo
‘(calculated in Appendix A),

¢} The liquid in the failed tank empties or leaks down to the secondary containment height, as the liquid
level equalizes. This assumption also applies.to a failed nozzle or pipe connected to the bottom of the
tank. The flood volume will occupy the area of the failed tank. :

Part 3 Determination of Containment Height

The minimum height of the secondary containment wall is calculated incrementally, taking into account
the tank pedestals, the pumps, and the results from Parts 1 and 2 above.

Step 1. Calculate the area of available secondary containment up to the thickest part of the tank pedestal,

1 ft 4 in. This step subtracts the tank pedestals and the six pumps from the available area. The tank
pedestals are conservatively assumed flat (not sloped) and with an area assumed 25 % larger than the tank
footprint. The pumps are conservatively considered rectangular shapes, using the cross-sectional area of
the largest concrete pump pedestal. The area determined by this step can be multiplied by 1 fi 4 in to get
the volume of liquid contained by the 1 ft 4 in high containment wall section.

- Step 2. The available area of the room in this step is the (area of the room) minus (area of remaining
intact tank) minus (area of the six pumps).

Calculate the additional height of the secondary containment wall (above the first 1 ft 4 in) required to

accommodate the remaining Vi by: subtracting the volume caleulated in Step 1, from Vg, and
dividing by the available area of the room (in this step above).

Step 3: To determine the minimum secondary containment wall height, add the heights from Step 1 and
Step 2 above.

34 Results

The minimum secondary containment height required is 7.27 ft above the top of the concrete floor.

Page 3
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Appendix A

Evaluation of Flooding Volume for Room P-0150
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Appendix A
Evaluation of Flooding Volume for Room P-0150

Description

Room P-0150 is a concrete containment area located outside the PT building on the northeast side of the
building. It provides secondary containment for tanks RLD-TK-00006A/B, which are the only tanks
within this containment area. The secondary containment includes low point sump (RLD-SUMP-00003).
The floor of the containment area also includes a covered trench between each tank and RLD-SUMP-
00003. The floor and interior walls of the containment area including the trench are treated with a special
‘protective coating. The floor and the trench are sloped towards the surmp.

This evaluation determines the flooding volume for Room P-0150 and determines the minimum height
for the secondary containment structure.

Basis and As'sumptions

* - The dimensions of Room P-0150 are 113 ft by 77 ft (inside dimensions).

» The dimensions of both RLD-TK-00006A. and -00006B are 42 ft inside dxametcr by 32 ft tall
(cylindrical section).

» The thickness of each tank wall is assumed to be 1 inch, therefore the outside diameter will be 42
ft2inor42.17 ft.

*  The tanks are flat bottom and each tank contains a cone roof with a center height of 42 inches
measured from the top of the cylindrical section.

» The tank pedestals are octagonal and are assumed 25 % larger than the footprint of the tank,
* The volume of RLD-SUMP-00003 1s 583 gallons (78 cu ft) and is considered negligible.

* The trenches in the concrete floor are not credited in this flooding volume for conservative
purposes.

The six pump pedestals are conservatively considered rectangular, each with a cross-sectional
area equal to that of the largest pumnp pedestal and the height equal to the containment wall.

» The 24 hour rainfall is 1.27 inches (a 24-hour, 25 year storm, i.e. the storm that occurs once in 25
- years.) Rainfall data is derived from Table 7.3 of PNNL 14242, Hanford Site Climatological

Data Summary, 2002 with Historical Data. The volume of rain for 24 hrs is conservatively
estimated.

To account for room area that is unavailable due to other auxiliary components (piping and
structural posts) in the room, a design allowance of 5 % is added to tota! flood volume.

The liquid level of the failed tank empties or leaks down to a wall height, where the liquid level
equalizes between the outside and inside of the tank. The area of the failed tank is included in the

available area of the room. This assumption also applies to a failed nozzle or pipe connected to
the bottom of the tank.

Numbers in excess of 4 significant figures were rounded to the nearest integer.

Page A-1
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Determination of Flood Volume

- From the dimensions of RLD-TK-00006A/B deth tanks are the same size), the tank volume contribution -

to flooding volume, Vyy, is the sum of the volume of the straight cylindrical section ch1 plus the volume
of the cone roof, Vogpe:

Ve = chl + Veons
Vey = /4 X Dy X Heyy
Where: _
Dyuax = Tank diameter, feet =42 ft

H., = Tank cylindrical height, feet =32 ft
Then

Ven=n/4x (42 ) x (32 f) = 44,334 cu ft
Vme = th12 X Dmkz X Hconc

Where Heo = height of the conical section measured in the tank center from the top of the cylindrical
section = 42 inches

Then
Voone = /12 X (42)° 5q £ x (42 in/12 in/ft)
Veene = 1616 cu ft
Ve = 44,334 cu ft + 1616 cu ft = 45,950 cu ft
Té determine the volume of rainwater, the toﬁl room area, A., is ‘détcmﬁhed from:

A=LxW,

Where:
L.=room length, ft=113 f
W, = room width, ft =77 ft
A=113ftx 77 ft =8701 sq ft

Then, the vohume of rainwater, V., is given by:

Vy = (1.27 inches/12 inches/ft ) x 8701 sq &t
Ve=921cuft

Page A-2
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" The ﬂoodmg volume, Vﬂmd, is the sum of these quantities plus 5 % to allow for aux:hary componcnts
(such as piping and posts):

Vo = (Ve + V) X 1.05
Voot = (45,950 cu ft + 921 cu ft) x 1.05
Viood = (46,871 cu £) x 1.05 = 49,215 cu ft

Determination of Containment Height

As stated in the method section, for conservatism, the volume created within the sloped area of the floor is
neglected.

The pump pedestal dimensions, six each, are as follows: 3.5 ftby 7 ft.

The pumps are conservatively considered to occupy the space above the pump pedestals to the height of
the secondary containment wall.

The room dimensions are 113 ft by 77 ft. '

Step 1: Secondary Contamment Volume (Vc,) from floor level (0 ft) to top of tank pedestal (1.33 ft).

The secondary containment area has two tank pedestals that are 1.33 ft high. The area of each pedestal is
assumed to be 25 % larger than the footprint of the tank.

Cross sectional area of octagonal tank pedestal is conservatively assumed as;

Aped = Aunk o X 1.25 where

Ak, ot = (/4 X Digy, outz) ‘

A, o= W4 X (42.17 1) = 1397 sq fi
Apa=1397sq ftx 1.25=1746 sq ft

Total cross sectional area of the room is the length of the room times the width of the room:
A=LxW,

A,=113 ftx 77 ft = 8701 sq ft

Cross sectional area of pumps:

Apurp = 3.5 ftx 7 ft =245 5q ft
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 Areaofthe room available for secondary containment up to 1.33 ft height is:
Acy = [Ay~ 2Aped = 6A )

Ag = [8701 sq ft - 2(1746 sq ft) - 6(24.5 sq ft)]
Ac; = 8701 sq ft - 3492 sq ft - 147 sq ft = 5062 sq ft

Volume of liguid contained by 1.33 high secondary containment wall is:
VC| = Acl X Hi
Ve, =5062sqftx 133 6=6732cuft

Step 2: The height of the secondary containment wall requn'ed to accommodate thc remaining total tank
volume (above the first 1.33 ft).

This wall height (H,) is determined by subtracting the volume contained in the first 1.33 & from the total
fiooding volume and dividing by the available cross sectional area of this space.

V Vﬂood - VC;
Ve =49,215cuft-6732 cuft=42,483 cu ft

The available cross sectional area for this space is:

Acz = A¢ - Apnk ot = 6(Apump)

Ac, = 8701 5q ft - 1397 5q fi - 6(24.5 5q ft)
Ac, =8701 sq ft - 1397 sq ft - 147 sq ft = 7157 sq ft
Therefore: | o

H,=Vc, / Ac,

H,=42483 cuft/ 7157 sq ft=5.94 ft

Step 3: Minimum secondary containment wall height Hy

Secondary containment wall required to accommodate the total flooding volume is 1.33 ft plus the height
calculated in step 2.

Hoy, =133 f+H,
H,u= 133 ft +5.94 ft =727 ft
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Bechtel National, Inc. and U.S. Department of Energy,
Office of River Protection Certification Statements




Bechtel National, Inc. Certification

The-foliowing certification statement is provided consistent with Contract No. DE-AC27- i -
01RV14136, Section H.26, Environmental Permits, paragraph (g) for Dangerous Waste Permit
- package PTF-065, Rev. 0, “Tank Secondary Containment for PTF Facility RLD System.”

1 certify under penalty of law that this document and all attachmenis were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the mformation submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for kmowing violations.

}W/M 7 CL
J. PAen

schel ) Date
Project Director '
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U.S. Department of Energy, Richland Operations Office
Certification | |

The following certification statement is provide.d for the Hanford Tank Waste Treatment and
Immobilization Plant for Dangerous Waste Permit package PTF-065, Rev 0, “Tank Secondary
Containment for PTF Facility RLD System.”

I certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true; accurate,

. and complete. 1 am aware that there are significant penalties for submitting faise information,
including the possibility of fine and imprisonment for knowing violations.

? (,2 //uﬁ;/wn/ /r/z»/-\’

R.J. Scﬁ'enj Manager {/ _ _ . Date
U.S. Department of Energy, :
Office of River Protection
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*Drawings and Documents -~
. Attachment 51 — Appendix 8.9
Pretreatment Building
Material Selection Documentation

‘The following drawings have been incorporated into Appendix 8.9 and can be viewed at
‘the Ecology Richland Office. See Appendix 7.9 for material selection documentation
common to the Pretreatment, LAW, HLW, and Laboratory buildings. New drawmgs are

“in bold lettermg

Drawing/Document Number Description
24590-PTF-N1D-CNP-P0001, Rev O .| Material Selection Data Sheet for CNP-
DISTC 00001
' 49062
24590-PTF-N1D-CNP-P0002, Rev 1 Material Selection Data Sheet for CNP-HX-
00002
24590-PTF-N1D-CNP-P0003, Rev 1 | Material Selection Data Sheet for CNP-HX-
00003 :
_ 50001
24590-PTF-N1D-CNP-P0004, Rev 1 | Material Selection Data Sheet for CNP-HX—
00001
| §0001
24590-PTF-N1D-CNP-P0005, Rev1 | Material Selection Data Sheet for CNP-
_ EVAP-00001 ' '
66004
24590-PTF-N1D-CNP-P0006, Rev 3 | Material Selection Data Sheet for CNP-
VSL-~00004 _
BREPT-00002
24590-PTF-N1D-CNP-P0008, Rev 1 | Material Selection Data Sheet for CNP-
. BRKPT-00002
FAS90- PP E-NAD-CNP-POJOY; Res ) Material-Selection Data-Sheetfor CNR-VSL- -
' 00603
24590-PTF-N1D-CNP-P0009, Rev 1 | Material Selection Data Sheet for CNP-
VSL-00003
24590-PTE-N1ID-ENP-POGLG; - Rev-0 Meterial SelectionDataSheet-for GNP~
BREPT-00064
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[ 24590-PTF-NiD-CNP-P0010, Rev 1

.u‘lMaterlal Selectmn Data Sheet for C‘NP-

' _ BRKPT-OOOGI ,
; ‘ 6666+ :
24590-PTF-N1D-CNP-P0011, Rev1 | Material Selectlon Data Sheet for CNP-
VSL—OOOOI _ _
; s > Rovd torial Selostion] st for CNP X
00004

24590-PTF-N1D-CNP-P0012, Rev 1

Material Selection Data Sheet for CNP-HX—
00004

' 0000+ : o '
24590-PTF-N1D-CXP-P0001, Rev 1 ' | Material Selection Data Sheet for CXP-
' ' VSL-00001

24590-PTF-N1D-CXP-P0003, Rev 1

Material Selection Data Sheet for CXP-VSL-
00026 A/B/C

24590-PTE-NID-EXP-PO0ORev-b Material Selection-Data-Sheet for- xR VSE-
80004 , '

24590-PTF-N1D-CXP-P0007, Rev 1 | Material Selection Data Sheet for CXP-
VSL-00004 ~
00005 ' _

24590-PTF-N1D-CXP-P0008, Rev1 | Material Selection Data Sheet for CXP-

: | VSL-00005
24590-PTF-N1D-FEP-P0002, Rev 1 Material Selection Data Sheet for FEP-VSL-
: 00017A/B

24500-PTE DN EEP-POBO3; Rev b Material Selection Data-Sheet for FEP VS

89805

24590-PTF-N1D-FEP-P0003, Rev 1

Material Selection Data Sheet for FEP-VSL-
00005

24590-PTF-N1D-FEP-P0007, Rev 1

‘Material Selection Data Sheet for FEP-SEP-

00001A/B

24590-PTF-N1D-FEP-P0008, Rev 0

Material Selection Data Sheet for FEP-RBLR-
00001A/B

24590-PTF-N1D-FEP-P0009, Rev 0

Material Selection Data Sheet for FEP-COND-
00002A/B

24590-PTF-N1D-FEP-P0010, Rev 0 -

Material Selection Data Sheet for FEP-COND-

1 00003 A/B

24590-PTF-N1D-FEP-P0013, Rev O

Material Selection Data Sheet for FEP-COND-
00001A/B

- [ 24590-PTF-NID-FRP-P0001, Rev 2

Material Selection Data Sheet for FRP-VSL-
00002A-D

24590-PTF-N1D-HLP-P0001, Rev 0

LMaterial Selection Data Sheet for HLP-

BRKPT-00004/6
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[ 24590-PTF-N1D-HLP-P0003, Rev 1 |

) Matenal Selectlon Data Sheet for HLP—

VSL-00022

.24590-PTF-N1D-HLPéPOOO'], Rev 1

Material Selec‘uon Data Sheet for HLP-VSL-
00027A/B

24590-PTF-N1D-HLP-P0010, Rev 1

Material Selection Data Sheet for HIP-VSL-
00028

24590-PTF-N1D-PJV-P0001, Rev 1

Material Selection Data Sheet for PJV-VSL-

00002

.MH&M ¥ : .

06002

24590-PTF-N1D-PVP-P0001, Rev 1

Material Selection Data Sheet for PVP-
SCB-00002 )

24590-PTE-N1D-PVP-P0002 Rev-0

Matorial Sclootion DataS] ror PVPST
00061

24590-PTF-N1D-PVP-P0002, Rev 1

Material Selection Data Sheet for PVP-
YSL-~00001

Matorinl Solostion DataS] ot PWD VST
06044 :

24590-PTF-N1D-PWD-P0001, Rev 1

Material Selection Data Sheet for PWD-

_VSL-00044

24590-PTF-N1D-PWD-P0002, Rev 1

Material Selection Data Sheet for PWD-VSI.-
00043 '

00815/16

24590-PTF-N1D-PWD-P0003, Rev 3

Material Selection Data Sheet for PWD- -
VSL-00015116

00033 '

24590-PTF-N1D-PWD-P0005, Rev 2

Material Selection Data Sheet for PWD-
VSL-00033

- | 80046 '
24590-PTF-N1D-PWD-P0006, Rev 2 | Material Selection Data Sheet for PWD-
VSL-00046

24590-PTF-N1D-PWD-P0007, Rev 0

Plant Item Material Selection Data Sheet for
PWD-BRKPT-00007/8/9/10/17/19

‘ BREKPTY-0001546
24590-PTF-N1D-PWD-P0008, Rev 1 | Material Selection Data Sheet for PWD-
BREKPT-00015/16
00002A/BE ‘

'| 24590-PTF-N1D-RDP-P0001, Rev 2

Material Selection Data Sheet (for RDP-

VSL-00002A/B/C
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24590-PTF-N1D-RDP-P0002, Rev

Material Selection Data Sheet for RDP-VSL-
00004 '

24590-PTF-N1D-RLD-P0002, Rev 2 | Material Selection Data Sheet for RLD-
) VSL-00017A/B

24590-PTF-N1D-TCP-P0001, Rev 2

Material Selection Data Sheet for TCP-
VSL-00001

24590-P T NID-TER-POSO L Rev 1 Material Selection Data-Sheet for FLP-VSL-

| .| BOB09ALB

24590-PTF-N1D-TLP-P0001, Rev 2 Material Selection Data Sheet for TLP-VSL-
00009A/B

24590-PTF-N1D-TLP-P0002, Rev 0

Material Selection Data Sheet for TLP-COND-
00001

24590-PTF-N1D-TLP-P0003, Rev 0

Material Selection Data Sheet for TLP-COND-

1 00002/3

24590-PTH-NID-TEP-PO005; Rev-1

00001

24590-PTF-N1D-TLP-P0005, Rev 3 '

Material Seloction Data Sheet for TLP-SEP-

00001

24590-PTE-NID-FEP-PO006;- Rev-0

000062 ]

24590-PTF-N1D-TLP-P0006, Rev 1 -

Material Selection Data Sheet for TLP-VSL-
00002

24599—P$F—N1—B—"H:P—PGO&—I,—RW—G

00001 ' :

24590-PTF-N1D-TLP-P0011, Rev 1

Material Selection Data Sheet for TL.P-
RBLR-00001

24590-PTF-N1D-UFP-P0001, Rev 2

Material Selection Data Sheet for UFP-
BRKPT-00001A/B

24550 P NAD-TUERP-POOO2, Rev-0 Material-Selection Data-Sheet-for DEP-RR-
24590-PTF-N1D-UFP-P0002, Rev 2 Material Selection Data Sheet for UFP-PP-.
00001, 2, 3A/B

24590-PTT-N1D-UFP-P0003, Rev 0

Material Selection Data Sheet for UFP-VSL-
00002A/B

Ma%e&a&—Se%ee&en—B&ta—Sheet—fer—UF&%
000012 3A/B

24590-PTF-N1D-UFP-P0004, Rev 3

Material Selection Data Sheet for UFP-
FILT-00001, 2, 3A/B
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CNP-HX-00002 (PTF) mwwsgﬂswy“ 0
Cs Evaporator Primary Condenser

e Design Temperature {*F){max/min}: Shell side: 250/40; Tube side: 125/40
s Design Pressure (psig) {max/min). Shell sude: SO/FV; Tube side: 100/FV
e Location: outcell

ISBUED BY
RPRWTF PDC

Design temperature and pressure information is considered bounding and to be confirmed by Vendar,
Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Operating Modes Considered:
s  Normal operations
Materials Considered:
Materisl Reiative Acceptable Unarceptable
(UNS Nou) Cont Materis) Masterial
Carbon Steel 023 . X
| 3041, (S30403) 1.00 X
316L (331603) 1.18 X
5% Mo (NOBI6T/NUST26) 76 X
Alloy 22 (NOGDZ2) 114 X
Ti-2 (R50400) 101 X

Recommended Material: 304 (max 0.030% C; dual certified) - \

Recommended Corrosion Allowance: Shell side and tube side: 0.040 inch (fncludes 0,024 Inch
corrosion allowance and 0.004 inch erosion allowsance)

Process & Operations Limitations:

s None

Please note that source, special nuclear and byproduct rmterisls, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at
the U.S. Department of Energy (DOE) fucilities ixclusively by DOE
acting pursuant to ity AEA authority. DOE asserts, that pursusit to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclesr, and hyproduct materials st DOE-
owned nuclear facilities, Information contained hertin on
radionuclides is provided for process description purposes only,

This bound document contains 2 total of 6 sheets, |

1 sﬁf/x issued for Permitting Use (‘L‘Q,/( W W
0| S/and Jssued for Permitting Use IRD APR
REV | DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: lof6



24590-PTF-N1D-CNP-PO0O02
Rev. 1
PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations;

CNP-HX-00002 is a water-cooled, U-tube unit with condensation taking place on the shell side. Product flow
includes excess water from the pre-clution and post-elution rinses from the ion exchange columns.

2 Genersl Corrosion

In normal operation, the vessel will contain either treated process water {slightly acidic) or DIW. Based on Uhlig {1948),
little uniform corrosion is expected at these conditions. The uniform corrosion rate of the 300 serics stainless steels in DIW
at temperatures up to about boiling are generally considered small, <1 mpy. Hanmer (1981} lists a corrosion rate for 304
(and 304L) in pure water of less than 2 mpy (his smaliest unit of measurement). :

Conclusion:
304L or 316L. are acceptable for this sys:em with a probable gene:at corrosion rate of less than 1 mpy.

b Pitting Corrosion
With the proposed tenperatures, 304L is accepiable under the stated no-chlotide conditions.

Conclusion:
‘The data suggest there are no halides 1o cause pitting, 304L is monmcndod

¢ Ead Grain Corrosion
Not believed to be applicable to this system.

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking

‘The exact amoun of chloride reguired to cause stress comrpsion cracking is unknown, In part this is becanse 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 litle as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks {1996) and Davis (1987},
stress corrosion cracking does not usvally occur below about 140 °F. Further, the use of *L* grade stainless reduces the
opportunity for sensitization.

Conclusion:
The use of 304L is expecied to be acceptable for the stated no-chloride conditions.

€ Crevice Corrmslon
See Pitting,

Conclusion:

See Pitting

f Corrosion st Welds

Comrosion at welds is not a problem in the proposed environment.

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

g Microblologically Induced Corrosion (MIC)
The proposed operating conditions are potentially suitable for MIC. However, MIC is not normally observed in operating
systems.

Conclusion:
MIC will not be a problem

CNP-HX-0D002: Sheet:2 of 6
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h Fatigue/Corroslon Fatigue
Corrosion fatigue is a not expected 1o be a concern.

Conclusion:
Not applicable.

i Vapor Phase Corresion
Not applicable to this system.

Conclusion:
Vapor phase corrosion is not expected.

Jj Erosion
There are no solids and the velocitics are expected to be low. Erosion allowance of 0.004 inch for components with low
solids content (< 2 wt%) st low velocitics is based on 24596-WTP-RPT-M-04-0008.

Conclusion:
None expecled,

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

1Fretting/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 concemn.

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

Conclusion;
Not applicable.

p Inadvertent Nitrle Acld Addition

The contents of the condenser are essentiallly water with no repartable halides. The lowering of the pH by the inadvertent
addition of nitric acid would be of no concern.

Conclusion;
The recommended materials will be able 10 withstand a plavsible inadvertent addition of nitric acid.

CNP-HX-00002: Sheet:3 of 6
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24590-WTP-RPT-PR-04-8001, Rev. B
WTP Process Corrosion Data
PROCESS CORROSION DATA SHEET

Component(s} (Name/lD #) Cs pvaporatol primary inter- and after- condenser (CNP-HX-00002 3 4)
Facility PTF

In Black Cell?

3

Contract Max Non-Routine Notes
Leach No lesch Leach No Leath

Chemicals

huminum
Chloride
Fluoride
Biron
[Nitrate
Nitrie
{Phosphate
{Sultate
IMercury

Carbonate
Undissolved solids

JOther (NaMnO4, Pb,..)

E_;lher

[Temperature

Assurnption 1
Assumption 2 \

sigilelsieleleisleislslsisis] IS

li.lst of Organic Species:

Notes:
. Concentrations leas Jhan 1x 10 g/m® do not nered 10 be reporied; et veluas 1o two significant digis. rsec.

Assumptions:
. The ovetieacs from the dkifation column ars sxapacied 19 ba coniain pnmwlly waler with pH neerof &t 7.0. ’
A smem Y i oparshon for The avaporaior, 122 *F 16212 *F {presssrs of oparation for st conderser is simospharic) i
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

4.1.5 Cs Evaporator Primary Condenser (CNP-HX-00002), Cs Evaporator
Inter-Condenser (CNP-HX-00003), and Cs Evaporator After-Condenser
{CNP-HX-00004)

Routine Operations

The Cs evaporator primary condenser, CNP-HX-00002, is a water-cooled, U-tube unit with condensation
taking place on the shell side. The condenser shell incorporates 2 condensate sump, which comaing a weir
arrangement to control the flow split between the reflux and the overhead product flows. The overhead
product flow includes excess water from the pre-clution and post-elution rinses sent to the Cs evaporator
separator vessel from the cesium jon exchange columns,

To reduce the boiling temperature of the liquids in the Cs evaporator separator vessel, the system is nm
under vacuurn. This is achieved using a two-stage steam ejecior system. Exhaust vapors from the ejectors
are condensed in Cs evaporator inter-condenser, CNP-HX-00003, and after-condenser, CNP-HX-00004,
prior to venting to the ventilation system scrubbing equipment. Process condensate from the Cs
evaporator primary condenser and Cs evaporator secondary condenser drains to the acidic/alkaline effluent
vessels, PWD-VSL-00015 and PWD-VSL-00016, located in the PWD system.

The condensate from the condensers has 4 minimal amount of HNO,, making it slightly acidic but not
acidic enough to warrant neutralization; thus, it will be considered and referred to as process condensate,

Non-Routine Operations that Could Affect Corrosion/Erosion
None identified.

CNP-HX-00002: Sheet:6 of 6
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CNP-HX-00003 (PTF)

Cs Evaporator Inter-Condenser

¢ Design Temperature (°F) (mex/min): Shell side: 378/40; Tube side: 125/40
s Design pressure {psig) (max/min): Sheil side: 100FV; Tube side; 100/FV

e Location: outcelt

Design temperature and pressure information is considered bounding and to be confirmed by Vendor.

ISSUED BY
RPRWIF PDC

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Rev. 1

oy

Operating Modes Considered:
s Nomml opetation
Materials Considered:
Material Relalive Acceptable Unacceptable
(UNS No.) Cost Material Material
Carbon Steel 023 X
30AL {530403) 1.00 X
3161 (S31603) 1.18 X
5% Mo (NOB367/NOBGZ6) 764 X
Alloy 22 (N06022) 1.4 X
Ti-2 (R50400) 0.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: Shell side and tube side: 0.040 inch (Includes 0.024 inch

corrosion allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
s  None

Please note that source, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), sre regulated at the
11.S. Department of Energy (DOE) facilities exclusively by DOE
acting prrsusnt 10 its AEA suthority. DOE asserty, that pursyant to
the AEA, it has sole and exclusive responsibility and authority to
regulaie source, special nuclear, and byproduct rmaterials at DOE-
owned nuclear facilities. Information contained herein on
radionuclides is provided for process deseription purposes only.

This bound document contains & total of 6 sheets. |
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Corrosion Considerations:

Exhaust vapors from the Cs evaporator separator vessel arc condensed in CNP-HX-00003. A minimal amount
of HNO, is present in the condensate making it slighdy acidic.

2 General Corrosion

In normal operation, the vesse! will contain sither treated process water (slightly acidic) or DIW. Based on Uhlig (1948),
little uniform corrosion is expected at these conditions. The uniform corrosion rate of the 300 series stainless sizels in DIW
at temperatures up to about boiling are generally considered small, <1 mpy. Hamner (1981} lists a corrosion rate for 304
(and 304L) iv pure water of less than 2 mpy (his smallest unit of measurement).

Conclusion:
304L or 316L are acceptable for this system with & probable general corrosion rate of less than 1 mpy.

b Pitting Corrosion
With the proposed temperatures, 3041, is acceptable under the stated no-chloride conditions.

Conclusion:
The date from the flowsheets suggest there ure no halides to cause pitting; therefore, 304L is recommended.

¢ End Grain Corrosion ) :
Not believed to be applicable to this system,

" Conclusion:

Not applicable to this system.

d Stress Corrosion Cracking ) )

The exact amount of chioride required to stress comosion crack stainless steel is unknown, In part this is because the
amount varies with temperature, metal sensitization, and the ehvironment. 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 litle as a few ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress vorrosion cracking does not usually occur below about 140°F. Further, the use of "L" grade stainless reduces the
opportunity for sensitization.

Conclusion: ‘
The use of 3041, is expected to be acceptable for the stated no-chloride conditions.

¢ Crevice Corrosion
See Pitting.

Conclusion:
See Pitting

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

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

g Microblologically Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC if infected. However, infection is considered unlikely.

Conclusion:
MIC is not considered a problem.

b Fatigue/Corrosion Fatigue
Corvosion fatigue is 4 not expected to be 3 concem.

Conclusions
Mot applicable.

CNP-HX-00003: Sheet:2 of 6
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1 Vapor Phase Corrosion
Not applicable to this system.

Conclusion:
Vapor phase corrosion is not expected.

] Erosion
Velocities within the condenser 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 believed to be a concern.

k Galling of Moving Surfaces
Nat applicable.

Conclusion:
Not gpplicable.

1 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 hgiieved to be of concem.,

0 Creep
‘The temperatures are too low to be a concem.

Conclusion:
Not applicable.

P Inadvertent Nitric Acid Addition

The contents of the condenser are essentially water with no reportable halides. The lowering of the pH by the inadvertent
addition of nitric acid would be of no concem.

Conclusion: i
The recommended materials will be able to withstand a plausible inadvertent addition of nitric acid.

CNP-HX-00003: Sheet:3 of 6
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET
Component{s) (Name/iD #) Cs evaporator primary, inter- and after- condenser (CNP-HX-00002,3.4)

Facility PTF
In Black Cell? No
Chemicals Unit' Contract Max Non-Routine Notes
- . Lsuch Ho leach Lsuch No Leach
Aluminum ghm
[Chioride phn’
IFluoride g'm’
biron oim’
INRtrate o’
[Nitrite o
[Phosphate om’
‘[Bultate ghn’
fMercury wm’
E!rbomto gm’
ndissolved solids wi%
|Other (NaMnO4, PB,..} | om’
Other »
‘E“ A Assumption 1
[Temperaturs *r Aasumption 2

iList of Organic Species:

[Notes:
1. Conosntrations s than 1x 10* g/m? 8o nol nead 10 1w reporied; a1 vakies 1o two sgniicant dipls max

ssumptions:
. The overhowds from the dishk COhNrn Brs axpeched bo be contain primerily waier with pH nesr of ot 7.0,
, Amsume seme st T honmal opemtion for the svaporuiar, $22 °F 19212 °F (pressurs of operation kor lssl tondensor 1 simosphetic)
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24590-WTP-RPT-PR-04-0001, Rev, B
‘WTP Process Corrosion Data

4.1.5 CsEvaporator Primary Condenser (CNP-HX-00002), Cs Evaporator
Inter-Condenser (CNP-HX-00003), and Cs Evaporator After-Condenser
(CNP-HX-00004)

Routine Operations

The Cs evaporator primary condenser, CNP-HX-00002, is 2 water-cooled, U-tube unit with condensation
taking place on the shell side. The cendenser shell incorporates a condensate sump, which contains a weir
arrangernent to control the flow split between the reflux and the overhead product flows. The overhead
product flow includes excess water from the pre-elution and post-¢lution rinses sent to the Cs evaporator
separator vessel from the cesium ion exchange columns.

To reduce the boiling temperature of the liquids in the Cs evaporator separator vessel, the system is un
under vacuum, This is achieved using a two-stage steam ejector system. Exhaust vapors from the ejectors
are condensed in Cs evaporator inter-condenser, CNP-HX-00003, and after-condenser, CNP-HX-00004,
prior 10 venting to the ventilation system scrubbing equipment. Process condensate from the Cs
evaporator primary condenser and Cs evaporator secondary condenser drains to the acidic/alkaline cffluent
vessels, PWD-VSL-00015 and PWD-VSL-00016, located in the PWD system.

‘The condensate from the condensers has a minimal amount of HNO;, making it slightly acidic but not
acidic enough to wastant nevtralization; thus, it will be considered and referred to as process condensate.

Noan-Routine Operations that Could Affect Corrosion/Erosion
None identified.
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CNP-HX-00001 (PTF) I lmmlaﬂzlll!l!“m
Cs Evaporator Concentrate Reboiler 1SSUED BY '
e Design Temperature (°F) {max/min): Shell side: 325/40; Tube side: 250/40 RPEWTP pDc

s Design pressure (psig) (max/min): Shell side: SFV; Tube side: S0/FV
o  Locition: hot cell

Design temperature and pressure information is considered bounding and to be confirmed by Vendor.

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 the stated pH range at the noemal operating temperature.

Materials Considered:
Material Relative Arcepiable Unacreptable
{UNS No.) Cost Materia) Material
Carbon Steel 023 X
304L {530403) 00 X
316L(531603) .18 X (cheli-side)
% Mo (NDB367/N08526) 7564 X
Alloy 22 (N06022) 114 X
Ti-2 (R50400) 10. X
Recommended Material: ‘ \

Tube-side components: UNS N06022 ‘
Shell-side components (steam): 316 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: Shell side and tube side; 0.040 inch (includes '
0.024 inch corrosion allowance and 0.004 inch
erosion allowance)

Process & Operations Limitations:
+  Use DIW as process cooling water,

Please note that source, special nuciear and byproduct materials, as
defined in the Atomic Encrgy Act of 1954 (AEA}, are regulated at
the U.5. Department of Energy (DOE) facilities exclusively by DOE
aoting pursuant to its AEA authority. DOE asserts, that pursugnt 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

radionuctides is provided for process description purposes only. This bound docurnent contains a total of 6 sheets. -
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Corrosion Considerations:

a General Corroslon

In the proposed pH operating range, litle specific information was found for the general/uniform corrosion of stainiess
steels or other material in the given waste. This lack of data is not critical because the alloys needed for the system typically
fail by pitting, crevice corrosion, of cracking. On this basis, 2 corrosion aflowance has little meaning though a nominal
value is given.

Even during high chloride conditions, either 304L or 316L is expected to have a sufficiently low uniform corrosion rate,

Conclusion:
Both 304L. and 316L arc expected to be sufficiently resistant to the waste solution with a probable gencral corrosion rate of
Tess than 1 mpy.

b Pitting Corrosion '

Chloride is notorious for causing 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. At pH < 12, chicride can be 2 concem.
| However, Revie (2000) and Uhlig (1948) both note nitrate inhibits chioride corrosion. Therefore, the high nitrste

concentrations in the solution are expected o be beneficial.

Because of the high chloride conditions, and the high design temperature, C-22 or better is required for the tube-gide

components of the reboiler that will be in contact with the waste. For the shell-side, which is in contact with steam only,
i 304L will be sufficiently resistant. However, taking into consideration the relatively elevated design terperature on the
: shell side and the increased possibility of crevice corrosion, 3161 is recommended.

Conclusion:
The high chloride conditions are such that an nllny such as C-22 or better will be required for only the components in
contact with waste. Otherwise, 316L is suitable.

¢ End Grain Corroston
Not believed to be applicable to this system.

Conclusion:
Not spplicable to this system.
1

d Stress Corrosion Cracking

I The exact amount of chioride required 1o stress corrosion crack stmnlu-.s steel is unknown. In part, this is because the

. amoaunt varies with temperature, metal sensitization, and the environment, It is also wnknown 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 scen in Scdriks (1996) and Davis (1987),
stress corrosion ¢racking does not usually occur below about 140°F. The use of high nickel alloys for the be-side

. components (waste) reduces the susceptibility lo cracking.

Conclusion:
th the suggested high chloride conditions, C-22 will be needed for the tube-side compenents.

¢ Crevice Corrosion
See Pitting.

Conclusion:
See Pitting.

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

Conchusion:
Weld corrosion is not considered a problen: for this system.
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£ Microblologically Induced Corrosion (MIC)
The propesed pperating conditions are suitable for MIC. However, MIC is not normally observed in operating systems.

Conclusion:
MIC is not considered a problem.

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

Conclusions
Not applicable.

I Yapor Phase Corrosion
Not applicsble to this system.

Conclusion:

Not expected to be a concern.

j Erosion

Velocities within the vessel 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 believed to be & concem.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicsble.

1 Fretting/Wear
No contacting surfaces expected,

Conclusion:
Not applicable.

m Galvanle Corrosion
No dissimilar metals are present.

Conclusion:
Not applicable.

& Cavitation
None expected.

Conctusion:
Not believed to be of concem.

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

Conclusion:
Not applicable.

p Inadvertent Addition of Nitric Acid
Reboiler routinely operates at low pH.

Conclusion:
Not applicable.
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PROCESS CORROSION DATA SHEET

Component{s) (Neme/lD ¥} Cs or separator vessel (CNP-EVAP-00001)
Cs congentrate reboller {CNP-HX-00001)

Facility PIF
In Black Cefi? Yas_[CNP-EVAP-00001 only)
Chemicals Unit’ Sontract Max Non-Routine Notes
Leash o leach Lwach No Laach
luminum g 1382401 1.20E401
hioride ot 5.20€+00 SHQE+00
Fluoride _gt | eamEs0 7.02E+00
ron g1 | 10100 | 105400
Nitrats pr | seeete | BoEe02
Nitrite g | 2006401 32658+
Phosphate pA_ | 2nneot 2.306+01
itate ot | 12 1.25E401
Mervury g 172602 7 BOE-03
|(:arbonah g 3958401 4.00E+01
Undissolved solids wi%
or (NaMnO4, Pb,... ¢
|01hnr
M NA Nols 2
[Temperature ¥ Now'3 \
List of Organic Specles:
Notes:
t. Concantrations fess Than 1x 17*gA do not aeed 1o be 18 poriedt; Kt velues 10 Two significant digits men:.
o arrmioty 0.3 %0 44. Opormies primerly ! scidic end, HeOH added prins 1o trensier out. Minierurm pH based on 0.5 W ki scid.
Troomal opersiion 122 *F io 140 *F {Z4300.PTF-MSC-CNP.00001, Rev 0) :
IAssumptions:
Braskpol CNP-BRKT-00001 and CHP-VSL-000CI are for non-moutine usa and am nonmally ernply. Thess vessal can feceive a mngs of evaporsior conceninlde. l
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CNP-EVAP-00001 (PTF) mmm“]!l
Cs Evaporator Separator Vessel R1068501

®  Design Temperature ("F){max/min): 250/40

¢ Design Pressure {psig) (internal/external); 50/15
»  Location: incell

Note: Design pressure and texmperature information is considered bonnding and to be confirmed by Vendor.

 IBSUED BY
RPRWIP PDC

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 the normal operating pH and temperature
Materials Considered:
Mnterial Relative Acceptable Unacorpiable
(UNS NoJ) Cost Material Material
Carbon Steel 023 X
3041, (S30403) 00 X
3161 (531603) |18 X
[ 6% Mo (NOE367/N08926) 7.64 X
Aoy 22 (NO6022) A X
Ti-z (F50400) .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:

+  Nome

Please note that source, special nuclear and byproduct smaterials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at
the U_S, Departroent of Energy (DOE) facilitics exclusively by DOE
acting pursuant to its AEA suthority. DOE asserts, that pursuant to
the ABA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct materials at DOE-
owned nuclesr facilites. Infonmation contained hevein on
radionucHides is provided for process description purposes only.

‘This bound documment contains = total of 6 sheets.
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Corrosion Considerations:

Vessel receives eluste from CNP-BREPT-00002 and transfers the cesium coticentrate to HLP-VSL-00029 or
HLP-VSI-00027B via jute pot CNP-VSL-00002. Operating temperature range is 122 °F to 140 °F.

a  General Corrosion

Davis (1994) states the corrosion rate for 304L in nitric acid will be less than sbout 0.1 mpy at the bulk temperatures.
Normally, at these conditions, Zirconium or titanjum would be recommended, und a corrosion allowsnce of as rmch as 0.8
inches would be needed for 2 40 y design life. However, the presence of fluoride will prevent the use of zirconium or
titanium. C-22 has 8 corrosion rate of about 1 mpy in 5 % HNO, at boiling. In these solutions with <5 % HNO, and

<1 % HCL, the corrosion rate will be emaller, The HF is complexed by the excess AT and is expected to have little effect.

Conclusion:

I: the presence of expected levels of halides, a high nickel alloy such as C-22 will be required. The standard corrosion
allowwmee of 0.04 inch will be acceptable,

b  Pitting Corrosion
‘With C-22, pitting is not expeeted to be a problem.

Conclusipn:
No significant pitting is expected.

¢ End Grain Corrosion
Not believed fo be applicable to this system.

Conclusion:
Not applicable to this xystem.

d  Stress Corrosion Cracking
C-22 is not susceptible to stress corrosion cracking under these conditions.

Conclusion;
Not enticipated.

& Crevice Corrosion
See Pitting,

Conclusion:
See Pitﬁn_g.

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

Conclusion:
‘Weld comrosion is not a concern in this systen.

g Microblologically Induced Corrosion (MIC)
The proposed opersting conditions are not conttucive for MIC,

Conclusion:
MIC is not considered a problem.

h Fatigne/Corrosion Fatigne
Corrosion fatigue is a ot expeeted to be a concern.

Conciusions
Not expected to be a concern.
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i Vapor Phase Corrosion
A potential problem with condensing acids. C-22 is expected to be sufficiently resistant 8 to climinate this concem,

Conclusion:
Not expected to be a concetn.

| Erosien
There are no sclids and the velocities are low. Brosion allowance of 0.00M inch for components with low solids content (<2
wi%) at low velocities is based on 24590-WTP-RPT-M-04-0008.

Conclusion: :
Not expecied to be a concem.

k  Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

}  Fretting/Wear

No contacting surfaces expected.
Conclusion:

Not spplicable.

m  Galvanic Corresion
No dissimilar metals are present.

Conclusion:
Not applicable.

n  Cavitation
None expected.

Conclusion:
‘Not believed to be of concern.

o Creep
The temperatures arc 100 low to be a concem.

Conciusion:
Not applicable.

p Inadverteat Nitrle Acid Addition
Vessel normatly operates at low pH.

Conclusion:
Not applicable.

CNP-EVAP-00001: Sheet:3 of &
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Rev. 1

24590-WTP-RPT-PR-04-0001, Rev. B _

WTP Process Corrosion Data

PROGESS CORROSION DATA SHEET
Component{s) (Name/ID # Cs evaporator separator vessal (CNP-EVAP-0000M)

Ca concanirate reboller (CNP-HX-0000%)

= |

Facility PTF

in Black Ceil? Yes_(CNP-EVAR-00CO1 only)
Chemicals unit* Contract Max Non-Routine Notes
Leach No Leach NoLs
A SREH 1206201
gn | sxE00 | 689Ee00
ol 8.28E410 7.02E+00
g | 101800 1.05E+00
i SETIEH12 | S.80E+02
W 2Bt ] 325D
g | 2.1Ea 20601
' 11264 1256401
on 1726412 7885403
g 3556 403401
wi%
| on
n_
A Note 2
b Note 3

Notes:

1. Concentrations jeam than 1x 107 9/ do not need 1o be spoited; at vaiues i wo significant digie mio.
PH spprocdimadely 0.3 10 14. Operates (rimarily wt ackic 1nd, NaOH sdded prior o transier out. Minimum pH based on 0.5 M nitic scid.
Tnormel opemiion 122 °F to 140 °F [24500-PTE-MSC-CRP00001, Rev 1) ’

5

Breakpot CNPBRKT-00001 ant CNR-VEL-00003 & for non-routine use and =Ne NOMmally amply. Thooe Vesssls can mcelia inds of svaporelor conowisists.
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24590-WTP-RPT-FR-04-0001, Rev. B
WTP Process Corrosion Data

4314 cutwsmnu Vemel (CNP-REVAP-D0081), Cs Evaparator Coneentrate
Reboller (CNPHX-D0E.), and Elxate Canrtingency Sterage Vessel (CNP-VSL-

Routine Operations

Biuate from CNP-BREPT-00002 ia through & Jute pol, ONP-VSL-00001, into the scparator
vesedl, CNP-BVAP-00001, Thes Cs evaporator alnsle Jiin pot, CNP-VSL-00001, provides » vacuum sosl

between CNP-BREPT-00002 and the Cs evaporator separator vessel, CNP-EVAP00001. The cesiam

concentrate i tranfinred fram the Ci evaporator sepanior vesc] using transfor gjectors to send it to
vessel BLP-VSL-D0028 or HLP-VEL00027B in the HLP system.

Nex-Rootkw Operstions that Conlld Affect Corrosion/Eroson

3f the HLP system cannot sevcpt sdditiomsl volume at the tivae of a required tesasfer, the eluste
contingency siorage veasel, CNP-VSL-00003, will receive the transfer.

CNP-EVAP-00001; Sheet:6 of 6
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covsiomeTy LT
Cs Evaporator Recovered Nitric Acid Vessel Offspring items
»  Design Tempersture ("FY(Max/min) 25540 \58UED BY CNP-PIM-D0019 - CNP-PIM-00022
e Design Pressure (psig) (Max/min): 15/FV FPRWTPFDG CNP-VS1,-00162, CNP-RFD-00005
o  Locstion: incell
»  PIM Discharge Velocity (fps): 40

Drive Cycle: 17% (at 40 fps)
Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Operating Modes Considered:
s The vessel is a2 the stated pH at the normal cperating temperature ]

Materials Considered:
Material Relative Acceptable Unacooptable
(UN3 Nas,) Cost Material Material
Carbon Steel 023 X
304L (S30403) 1.90 X
J16L (S31603) 1.18 X
6% Mo (NOCBI67/N08926) 7.64 X
Alloy 22 (N06D22) 1.4 X
Ti-2 {R50400) 10.1 X

Recommended Materiak: 304 (1nax 6.030% C; dual certified)

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

Process & Operations Limitations:
s Develop rinsing/flushing procedure for acid and water

Please note that source, special nuclear and hyproduct materials, as
defined in (he Atoric Energy Act of 1954 {AEA), 2re regulated ot the
U.S. Department of MAEA (DOE)ﬁcgioﬁesexelulhr&ybyDDE
acting pursuant to its authority. DOE asserty, that pursuant to :

the AEA, it has sole and exclnive responsibility and suthority to [EXPIRES: 1207107 |
tegulate source, special miclesr, and byproduct muterials at DOE-
owned nuclear facilities. Information contained henein on .

radionuclides is provided for process description purposes ouly. This bound document containg a toial of 6 sheets.
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Corrosion Conpsiderations:
CNP-VSL-00004 stores recovered nitric acid from CNP-DISTC-00001 at between 115 °F and 140 °F.

a Geweral Corrualon .
Hamaer (1981) lists a corrosion rate for 304 {and 304L) in 2 M HNO: of less than 2 mpy. Davis (1994) states the corrosion rate for 304L in
1296 HNO; will be Jess than sbout 1 mpy up to about 212°F.

Conclusion:
3041, is expectad 1o be suliciently resistant to the waste sclution with 8 protsble general conosion rate of less than 1 mpy.

b Pitting Corvosion
With the stated conditions, 3041 will be adequate.

Conclugion:
The dats provided suggest theve are insufficient hatides to cause pitting mnd 3041 would be adequate,

¢ End Grain Corrosion
Not believed o be applicable to this system,

Conclusion:
Not spplicable to this system.

d Stress Corrosion Cracling

The exact amount of chloride required to stress cofrosion crack stainless steel is unimown. In part this is because the amount varies with
temperature, metal sensitization, and the environment, But it is als0 unknown because chloride tends to concentrate under heat transfer
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as little 38 a few ppm can lead to cracking under
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress comosion cracking does not usually occur below about
140°F. Further, the usc of "L* grade steinless reduces the opportmity for sensitization. At the concentrations of chloride expected, 3041
will be satisfactory.

Conclusion:
The use of 304L i3 expected to be acoeptsble for chlotide free conditions,

¢ Crevice Corrosion
See Pitting.

Concheion:
See Pitting

f Corrosion at Welds :
Corrosion st welds is not considered a probler iri the proposed environment.

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

g Microbiologically Induced Corrosion (MIC)
The proposed operating conditions arc geneaily not acceptable for MIC.

Conelusion:
Not congidered & concem.

b Fatigue/Corrosion Fatigue
Corrosion fatigue ia not expected to be a concem.

Conclusions
Not a concem,

§ Vapor Phase Corrosion
Not expected to be 2 concern,

Concluxion:
Vapor phase corrogion is not expected.

CNP-VSL~-00004: Sheet:2 of' 6
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24590-WTP-RPT-PR-04-0001, Rev. B
‘WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Componetit(s) (WD i Evaporaior recoverad nitric acid veasel (CNP-VSL-00004 )
Cs svaporator nitric acid distiation coksnn (CNP-DISTC-00001) I

Facifity PTE
In Black Celi? Yas {only CNP-VEL-0004)
unit’ Gontract Max Non-Roulne Notes
Leah No leach Leach Ho Leach

0 364504 ABEI14
o 4.25E:-04 5.126-04
N
!. .
. Assumption 1
[ 5.11E-04 8.11E-04

_on B.06E-04 1.04E03
gh 330804 4,01E-04
-]
g 31.068-03 1.82E-03

Wik

u) ] gh
-]
A Note 3
°F Note 2
Note &

oles: :
1. Concantraiions lees thar 1x 9075 do not need 10 be thpartid; list values to two signiicant digits max.
Trormaloparstion 115 °F o 140 °F . Rev &)

W b highly acichc, pH spprocmately 0.3
4. 2M niric acid is added 10 the vassel,

Assumptions:

1, Basud on the prasence of 0.5M HNO, i nitrate tration Is oxp 1o be app ty 31 g/ {24550-WTRMAEN1 {T-00001, Rev A)
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‘WTP Process Corrosion Data

4.1.3 Cs Evaporator Nitric Acid Distillation Column (CNP-DISTC-80001),
' Cs Evaporator Recovertd Nitric Acid Vessel (CNP-VSL-00004)
Rowtine Operations
" Nitric acid vapor enters the nitric acid distillation colurn, CNP-DISTC-00001, which scparates water
from the acid. The recovesed nitric acid is stored in: the Cs evaporator recovered nitric acid vesse)
CNP-VSL-00004. During elution, nitric acid is pumped from the storage vessel by the Cs IX foed pump,
through the feed cooler, and distributed into the system CXP jon exchange columms.
Non-Routine Operstions that Could Affect Corroston/Exoesion
None identified.

CNP-VSL-00004: Sheet:6 of §
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CNP-BRKPT-00002 (PTF) ' ﬁil@gﬂfnggﬂll

Cs Elnate Breakpot ISSUED &\
*  Design Temperature (*F) (max/min): 372/40 APAWTPF PDG l
*  Deaign Pressure {psig) {intemalexternal); 15/FY

*  Location: incell

Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheet |

Operating Modes Considered:
s The breakpot is normally empty snd &t ambient temperature,
s Opcraiion at Tomgreratures spprowching the maxinmm design tempernture is expected to be of short durstion.

Materials Considered:
Material Relativc Acceptable Unnceeptable
(UNS No.} Cest Material Muterlal
Carbon Steel 0.23 X
J04L (530403) 1.00 X
316L (531603) 118 X
6% Mo (NOB367/NOST26) 7.54 X
Alloy 22 (NO6022) 1i4 X
Ti-2 (R50400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0,040 inch (includes 0.024 inch corrosion
: allowance and 0.004 inch erosion alfowance)

Process & Operations Limitations:
¢ Develop procedure to flush thoroughly with water after use with alkaline solution,

Please note that source, spacial nuctear end byproduct materials, as
defined in the Atonic Energy Act of IBﬁS:'(AEA). are: reguiated Da(t) E
the U.S. Department of Energy (DOE) facilitics exelusively by E Y7y 7 ]

acting pursuant to its AEA authority. DOE asserts, that pursuant to : EXPIRES: 12/07/¢

the AEA, it bas sofe and caclusive responsibility and authority w

regulate soursy, speeial nucleer, and byproduct aterials st DOE- )

vwaed tclear facilities. nformation comained hevein on

radinnuclides is provided for process description purposes enly. This bound document containg a tota) of § sheets.

o
.
- /)
U lgfefog)| lssvedfor Permitting Use y/ #14_?‘( M
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Corrosion Considerations:

During the elution eyele the eluate comes from CXP-IXC.00001/2/3/4 to CNP-BREPT-00002 and then to CNP-VSL-00001. The clution
cycieis 15 hrs and is normelly at an ambient temperature of 77 °F,  The maximum operating temperature of 140 °F is atoibuted to
circumstances where neutralized Cs concentrate (approx pH 14) could be transferred frorn CNP-VSLA0003 (the contingency vessel) to
CNP-BRKPT-00002. However, this is not a likely routs for transfer and for the purposes of thig ¢valuation are considered infrequent. The
breakpot could also se: stocam tevaperanstes during traasfer. These high-temperature conditions sre assumed to be of short durstion. This
cvaluation is based on a nominal operating termperature of 77 °F.

a General Corruslon )

At the expecicd pH, littlc specific information was found for the pencralluniform termosion of stainless steels or other material in the given
waste. Typicvally, the austenitic and higher alloy ateels are expected to have corrosion rales of leas than about 4 mpy in HNO; at the
muGmumn temperature. This lack of datg is nl critical because the alloys needed for the system typically fiil by pitting, crevice corrosion,
or cracking,

Hamner {1981) lists the corrogion rate for both I04L and 3161 as < 2 mpy at teniperalures up to F50°F. Based on estimates from
Cole (1974), corrosion rates for all of the concentrations <4 M and at temperatures to builing are £xpetied to be Jess than 1 mpy.

Conciusion: :
Under the stated conditions, 304L fa cxpected 1o b sufficiently resistant to the waste solution with a probable general corrosicn mte of less
than 1 mpy at up 1o 150°F.

b Pizting Carrosion ‘
With the stated conditions, 304L will be adcquate.

Concluslon:
The data fram the (owsheets suggest there are insufficient hatides tu causs pitting in 304L.

" ¢ End Gralx Corrozion
Not belicvod to be applicable 16 this system.

Conclusion:
Not wpplicahie to this system.

d Stress Corvoslon Cracikdng

The exact smount of chloride required to strees conmsion crack stainkess sieed is unknown. In part this is becsuse the amount varies with
temperature, metal sensitization, and the cnvironment. But it is also unknown because chloride wends 1o coneentrate under heat transfer
conditions, by evsporation, and ¢luctrochemically duning 4 corrosion process. Hence, even as little as & few ppm ¢an 12ad to crecking under
some conditions. Generally, as seen in Sedriks (1996) and Davis (1981), stress corrosion cracking does not usualty occur below abust
140°F. Further, the use of "L* grade stainless reduces the opportunity for crecking,

Conclusion:
“Fhe use of 3041, iz recommended.

# Crevice Corrosion
See Pitting.

Concluvios:

Sec Pilting.

f Corrotion ot Welds

Corrosion at welds is not & problem in the proposed environmen!.

Weld cmosum is not constdered a problem.

g Microblelegically Induted Corresion (MIC)
The propased aperating conditions are not suitsble for MIC,

Conclusion:
MIC is not considered & problan,

h Fatiguc/Cerrosion Fatipue
Corrosion fatigue in not expected to be o concern.

Conclusions
Not believed 10 be a concern. s

CNP-BRKPT-00002: Sheet:2 of 6
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i Yapor Phuse Corrosion
‘Vapor plisse torrusion is not expected to be a concern. Further, the presence of wash Tings indicates deposits caz be prevenicd.

Conclusion:
Not expected U be a concern,

] Eroslon

Velocities within the vesacl are expected 1o be low. Erosion allowance of 0.004 inch for components with low solids content (< 2 wi%) at
low velocities s based on 24500-WTP-RPT-M-04-0008.

Conelusion:

Not cxpected to be » concem.

k Galling of Moving Surfaces

Not applicable.

Conclusion:

Not applicable.

I Frettlug/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

m Galvanic Corrosion
No dissimilar metals are present.

Conclusion:
None anticipated.

a Cavitation
Nonc cxpected.

Conclusion:
Not believed to be of concusn.

o Creep
The terperatures are to low to be a concern.

Conchesion:
Not agplieablc.

p Inadvertent Nitric Acid Addition
Breakpot will see low pH conditiuns during normal operations.

Conclusion:
Not applicsbie.

CNP-BRKPT-(0002: Sheet:3 of 6
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET
Component(s} (NamefiD# s concentrate breakpot (CNP-BRKPT-00002)

Cs evaporator eluate lute pot (CNP-VSL-00001

Facllity PTE
in Black Celi? Yes
Chemicals Unif! Contract Max Non-Routing’ Notes
Lawch No leath Leach_ No Lsach
luminum 230641 2.ME-Dt
Chloride | gt | 6BSEN2 1.08E-01
Fluorida g 1.05EH 1.28E-01
lon o 1.68E-02 1.09E-02
Nitrate I ERTT BR1EH00_ 4 ABE-04 4.465-04
lmum g 450601 580501
Phosphate g 28360 41360
b ga 1.88E-0t 2.M4E-01
Mercuty o 54TE04 1.A2E-04
Carbonate ¢ £.boE01 7.E.01
Undissolved solids wi%
Cther (NaMnO4, Ph,..) | o2
o i)
E___H NiA Aszumption 1
smperature . Nots 2
LIst of Organic Species:
References .
-m : 24880 PTA-IYD-CNP-DD0D1, Hav £

Doerment: A5 WIP RN V] T-00005, AV A

o Strsam ¥, CXP11, CXP 173 CNDO2
Hotnal knput Stream # (0.9, ovarfiow from other vessels): GNPO1 icid Charpe
N :

L NSIOFTE MV 17 T-PO0TS, Rev 1
%&m’ A NA

Notes:

1. Concanirstions kst than 1x 107! pt do net need io ba reporied: st vikass 30 two sipricam digs mmx.

[2, Breakpot: Staam b uzed for ransfar. The brevkool Iy normilly sfiply snd & smblent fesspersire moat of [he me.
Vaamk Theomal ppatating runge 77 °F (siuate) 1o 14 *F (21 S50PTR-NSCNP-O0001, Ry )

E.rak-ddm cNPat)

[Assumptions:
1, Stewy CXP12 post slufion rinye pH sepra 0.5, CXPTT slulion Srewm pH eppres. 0.3 or more.

- CNP-BRKPT-00002: Sheet:5 of 6
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24590-WTP-RPT-PR-04-0001, Rev.B
WTP Process Corrosion Data

_ 412 C» Coxcentrate Breakpot gggu. Cs Evaporator Eluate Lute Pot
: {CNP-VSL-00001)

Bowtine Oporations .
cﬂﬂignﬁggﬁsﬂn&gu&gsnﬁﬂgeﬁg

‘CQE-BREFT-O0002. Eloate is then gravity-fed through 2 ute pot, CNP-VSL-D00G01, into the scpamtor
vessel, CNP-EVAP-00001. gwﬁgwﬂﬁnsgiiﬂgggé

rings ad puge k.

, %gggbﬂaﬂgg
Nount identificd. |

CNP-BRKPT-00002: Sheet:6 of 6
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CNP-VSL-00003 (PTF) ‘“E&L‘:‘!ﬁ\!“‘
Eluate Contingency Storage Vissel Off spring items
*»  Design Temperature (CFmax/min): 255/40 1BOUED By CNP-PIM-00013, CNP-PIM-00014,
e Design Pressure (psig) (maxfmin): 15FV RPPWTPPDG CNP-PIM-00015, CNP-PIM-00016,
*  Location: incell CNP-VSL-00166, CNP-RFDM0003

PIM Discharge Velocity (fps): 40 l
Drive Cycle: 17 % (at 40 fps)

Contents of this docmnent are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet I

Operating Modes Considered:

+  The vessel is pH 03 at the norms? operating temperature

«  Thevessel is pH 14 at the normal operating temperature

s  Caustic availablo to wash rings and for neuiralizaticn prior to transfer

Materials Considered:
Material Relative Acteptable U
{UNS No.) Cast Miateria) Material
Carbon Steel 023 X
J04L (530403) 100 X (acket only)
| 3161 (S31603) 1,18 X
6% Mo (NOB3I6T/NOBI26) 7564 X
Afloy 52 (NOGOZ2) 1.4 X
Ti-2 (R50400) 10.1 X

Recommended Material: Vessel: 316 (max 0.030% C; dual certified), or better
Jacket: 304 (max 0.030% C; dual certified), or better

allowance and 0.016 inch general erosion allowance; additional
localized protection required and discussed in section j)

Process & Operations Limitations:
s Develop procedure for thorough flushingfrinsing prior to addition of acid solutions.

Recommended Corrosion Allowance: 0.040 inch {includes 0.024 inch corrosion l

Plexso 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 Encrgy (DOE) facilities exclusively by DOE
acting purswint to its AEA authority. DOE asserts, that pursusnt to
the AEA, it has solc and exclusive responsibitity ind suthority to
regulate source, special nuclear, and byproduct materials at DOE-
owped nuclear facilities. Information contained herein on

radionuclides is provided for process description purposes only. Thits bound document contains u total of 7 sheets. |
o
P
sl e | (O o | it
0 &25/04 Issued for Permitting Use DLA JRD APR
REV | DATE. REASON FOR REVISION PREPARER CHECKER APPROVER
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Corrosion Considerations:

Vessal is availsble to receive Cs concentrate and Cs eluate from the Cs evaporator breakpot. Also, if the HLP
system cannot accept a required transfer, CNP-VSL-00003 is available to receive the transfer.

a General Corrosion )

Hamner (1981) lists & comosion rate for 304 (and 304L) in NaQH of less than 20 mpy (500 pmiy) &t 77°F and over 20 mpy
at 122°F. He shows 316 (and 316L) has a rate of less than 2 mpy up to 122°F and 50% NaOH. Dillon (2000) and Sedriks
(1996) both state thet the 300 series alloys are acceptable in up to 50% NaCH at temperatures up to about 122°F or slightly
above. Davis (1934) states the corrosion raie for 304L in pare NaOH will be less than about 0.1 mpy up to sbout 212°F
though Sedriks states the data beyond about 122°F are incomect. Uhlig (1948) shows the rate in water is < 1 mpy.

Hamner (1981) lists & cotrosion rate for 304 (and 304L) in 2 M HINO, of less than 2 mpy. Davis (1994) states the corrusion
rate for 304L in 12% HNOy will be Jess than about | mpy up to about 212°F.

Conclusion:
316L is expected to be sufficiently resistant to the waste solution with a probable general corrosion mte of less than 1 mpy
under al] expected conditions. '

b Pitting Corrosien _

Chloride is notorious for causing pitting in acid and neutral solutions. Dilion (2000) is of the opinion that in alkaline
solutions chlorides are lkely to promote pitting only in tight crevices. AtpH < 12, chloride can be a concern. However,
Revic (2000) and Uhlig (1948) both note nitrate inkibits chloride corrosion, Therefore the nitrate concentrations in the
solution are expected to be beneficial and either 304L or 316L can be vsed if the chloride conditions stated are met.

Some potential exists for pitting if the vessel contains waste, cooling fails and the solution begins to ¢vaporate. Then
chloride could concentrate at the interface making 3161 marginal. However, conditions with hot solution are not
anticipated.

Conchusion:

Under the stated conditions, 316L is the minimum alloy recomumended. Evaporative conditions with salt concentrations at
the interface are not mticipated to be a frequent occurrence.

¢ End Grain Corrosion

Not applicable to this system.

Conclusion:
Not applicsble to this system.

d Stress Corrosion Cracking

The cxact amount of chloride required to stress corrosion crack stainless steel 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 o
concentrate under heat transfer conditions, by evaporation, and electrochemically during a corrosion process. Hence, even
s little as a few 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, Further, the use of *L* grede stainless reduces the
opportunity for sensitization. The use of 316L is preferred over 3041 because of greater cracking resistance.

According to Sedriks and Dillon (2000),, caustic cracking tends not to occur below 140°F, though Zapp suggests the
tesperature may be 23 high s 212°F. The high nitrate concentrations may inhibit pittieg and cracking,

Some potential exists for cracking if the vessel contains waste, cooling fails and the solution begins to evaporate. Then
chloride could concentrate et the interface making 3161 marginal. However, conditions with hot solution are not
anticipated,

Conclusion:

Becanse of the normal operating environment 3161 stainless steel is expected to be acceptable. Evaporative conditions are
not anticipated to be a frequent occurrence. :

CNP-VSL-00003: Sheet:2 of 7
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¢ Crevice Corrosion
Ses Pitti

Conclusion:
See Pitts

{ Corrosion st Welds
Cotrosion at welds is not considered a problem in the proposed environment.

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

£ Microblologically Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC. However, MIC is not normally observed in operating systems
except for those exposed to untreated proceis water.

Conrclusion:.
MIC is not considered a problem.

b Fatigue/Corrosion Fatigue
Corrosion fatigue is a not expected to be a concers

Conclusions
Not applicable.

i Vapor Phase Corrosion
Due to agitation, some splashing is expected. Therefore there will be liquids on the dome of the vessel. This is not expected
to be a concern because of the high nitrate content.

Conclusion:
Vapor phase corrosion is not expected.

j Erosion

Based on past experiments by Smith & Elmore (1992), the solids are soft and erosion is not expected to be a congern for the
vessel wall. Based on 24590-WTP-RPT-M-04-0008, a general erosion allowance of 0.016 inch is adequate for components
with maximum solids conteat up to 27.3 wi%. Additional 316L stainless steel should be provided a3 Jocalized protection for
the applicable portions of the bottom head to accorunodate PIM discharge velocitics of up to 12 ms with solids
concentrations of 2 wt% for a usage of 11 % operation as documented in 24590-WTP-MOE-50-00003. CNP-VSL-00003
Tequires at Jeast 0.016-inch edditional protection. The 2 wt% is considered to be conservative and is based on the WTP
Prime Contract maximum. During normal operation, the solids content of CNP-VSL-00003 is expected to be wel! below the
anticipated maximum,

The wear of the PJIM nozzles can occur from flow for both the discharge and reflood cycles of operation. At least 0.010-
inch of additional 316L stainless steel should be provided on the inner surface of the PIM nozzle to accommodate wear due
to PTM discharge and snetion velocities with solids concentrations of 2 wt%4, for usage of 11 % operation as documented in
24590-WTP-MOE-50-00003.

Conclusion:

The recommended corrosion allowance provides sufficient protection for erosion of the vessel wall. Additionsl localized
protection for the bottom head will sccommodate PIM discharge velocities and for the PIM nozzles will accommodate FTM
discharge and reflood velocities.

k Galling of Moving Suxrfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

CNP-VSL-00003: Sheet:3 of 7
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m Galvanie Corrosion
No dissimilar metals arc present.

Conchusion:
Nat applicable.

n Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep

‘The terperatures are too low to be a concern,

Conclusion;
Not applicable.

p Inadversent Nitvic Acid Addition
Vessel normally operates at low pH.

Conclusion:
Not applicable.

CNP-VSL-00003: Sheet:d of 7
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PROCESS CORROSION DATA SHEET

Component{s) (Name1D #) _Eluate cuntingency veseel (CNP-VSL-00009)
Eluste contingency braakpot (CNP-BRKPT-OOW

Facility PTE
in Black Call? Yes
Unit’ Contract Max Non-Routine 4 Notes
Leach No leach Leach No Leach
P 1.17E+01 110641
gl | asewo | soe0
g £.395+00 S.08E+00
o S.80E-1 A97E01
on 4.93E+02 A84EHD
{2 248E+01 27TE+04
! 1.80E+01 1.886401
g 9585400 1.06Ev01
ot LATED? STIE03
- 3.38EM 343+
L
-
L
WA hote 3
™ Now 2
Note 4

ﬁlolns

1, Concentrations jess then 1x 107 54 do not nesd o be reported, llst valusy 1o Iwo significant cligite ma:.

2. Stwari 16 pec for trariter, The fraskpot Is nomnaly sty a1d st amblent semperairs moat of the time.
mwamrmwn*mmmnm*mmm:.a«m

|R. Cotmnposiion can vary and is recelved or a contingency buals,

The vesss] reveives Cu Eluste at low pH of apprax, 0.3 o more, with low lovels of CI, F, &k, sied can mceve Ca Evap Concentrate that haa been
noutralized to pH AppIcK. 14 with high levals of C1, F, e, Miumum pH besed on 0.5M nitrk: scid

4. mm1mhmmmpomuc:mmmmm-nmmmmmmnnmwm»mm

IASS
JThis veuset ln a contingency vesss! and under normal oporations contains a hael onty, it s sviiiable 1o recaive Co Conoentrate wnd Ca Bluale,
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4.1.4 Cs Evaporator Separator Vessel (CNP-EVAP-00081), Cs Evaporator Concentrate
Reboiler (CNP-HX-D0001), and Elnate Contingency Storage Vessel (CNP-YSL-
00003)

Routiue Operations

Fluste from CNP-BREKPT-00002 is gravity-fed through  lute pot, CNP-VSL-0001, into the separator
vessel, CNP-EVAP-00001. The Cs cvaporator eluate lute pat, CNP-VSL-00001, provides a vacuam seal
between CNP-BRKPT-00002 and the Cs ¢vaporator separator vessel, CNP-EVAR-00001. The cesium
concentrate is transferred from the Cs evaporator separator vessel using transfer ejectors to send it 10
vessel HL.P-VSL-00028 or HLP-VSL-00027B in the HLP system.

Non-Routine Operations that Could Affect Corrosion/Erosion

If the HLP system cannot accept additional volume at the time of a required transfer, the eluate
contingency storage vessel, CNP-VSL-00003, will receive the transfer,
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CNP-BRKPT-00001, (PTTF)

Cs Concentrate Breakpot

»  Deign Tempemture (°F) (max/min): 372140 ISSUED BY

& Design Pressure (psig) (intemal/extemnal): 15/FV RPP-WTP PDC I

*  Location: incell
Contents of this dotument are Dangerous Waste Permit affecting |

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Operating Modes Considered:
®  ‘Yhe vessel is normally emply and al ambient lcrmperatire

Materials Considered:

Masterial Reintive Areeptable Unaceeptable
(UNS No.) Cost Material Materinl

Carbon Steel 0.23 X

3041 (530403) 1.00 X

316L {S31603) 1.18 X

6% Mo (N08367/N08925) 7.64 X

Alloy 22 (NO6022) 114 X

Ti~Z (RHK00} 10,1 X

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

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

Process & Operations Limitations:
s Develop procedure for thorough remaoval of caustic solution by rinsing/flushing before sdding acidic solutions.

Plexsc noie that source, special nuclear and byprodut malenals, as
defined in the Atomic Energy Act of 1954 [AEA), are regulated a2
the UL.S. Department of Energy (DOE) facilitics exclusively by DOE
acting pursuant 1o #s AEA authorily. DOE assens, thit parsuant to B2 L
the AEA, it lms sole mdd cxclusive responsibility and authority -

regolate source, special nuclear, and byproduct materials et DOE-
owned nuclear facitities. Information contained herein on
radionuclides is provided for process description purpascs only.

This bound document conlas a tofal of & shests.

A

LR
(Ve

tofg /;/o ¢l lscued for Permitting Use z /’J nK. Y9
0| 623/04 Issued for Permitting Use SALA JRD APR
REV | DATE { REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: lof6




24590-PTF-N1D-CNP-P0D10
Rev. 1
PLANT ITEM MATERIAL SELECTION DATA SHEET

Corrosion Considerations:

This vessel is normally empty but is uvailable to receive recovered acid flows from the Cs evaporator nitric acid rectifier or
from the Cs ion exchange columns or Cs concentrate from the Cs evaporator separator vessel,

a General Corrosion ' )

Harmer {1981) Jists & corrosion rale for 304 {and 3041} in NaOH of lcss than 20 mpy (300 pumvy) at 77°F and over 20 mpy at 122°F. He
showy 316 {and 315L) has & rate of kess than 2 mpy up to 122°F and 50% NaOH. Ditlon (2000) and Sedrils (1996) both state that the 300
scries alloys are acceptable in up to 50% NaOH at temperalures up to about 122°F or slightly above. Lavis (1994) states the corrasion mate
for 3041 in pure NaeOH will be less than about 0.1 mpy up 2o sbout 212°F though Sedriks stajes the data beyond about 122°F are incomect. .

Harner (1981) lists a vorrosion rate for 304 {and 304L) in 2'M HNO; of kss than 2 mpy, Davis (1998) states e cormetion rate for 304L in
129 HNO; will be less than about T mpy up 1o abuut 212°F.

Conclusion:
316L is expected to be sufficiently Tesistant to the waste solution with a probakle general cotrosion raie of less than 1 rapy at the staied
couditions providing breakpols are flushed hefore asidic solutions are introduced.

b Pitting Correslan

Chloride i3 notcrious for causing pitting i acid and nevtral solutians. Dillon {2000} is of the opinion that in alkaline solutions, pH>12,
chlorides are lilcely to promote pitting only in tigh! crevices., AtpH < 12, chloride can be a concemn. However, Revie (2000) and

Uhlig (1948) both note nitraie inhibits chioride corrusion. Therefore the nitratc concentration in the solution is expected to be beneficial
and 3161 can be used if the chloride concentration is not mare than slated.

Conclusions
Linder the stated conditions, 316L ia the minimum altoy recommendced.

. ¢ End Graln Corresion
Net applicable to this system.

Conclusion:
Not spplicable to this system.

d Strens Carvosien CracHn.g

The exact amount of chioride required to stress corrosion ¢rack stainless stecl is unknown. In part this iy because the amount varies with

femperature, metal sensitization, and the envirenment. Bot it is 2lso unknown because chloride lemds to concentrate under heat transfer

conditions, by evaporetion, and :iectrochqmcnfly duting a comosion process. Henee, even as little as & few ppm can lead to cracking under

some conditions. Generally, as seen in Sedriks (1996) and Davig (1987), stress corrosion cracking docs not usually ocenr befow about
140°F, Further, the use of "L” grade stainless reduces the opportunity for sensilization o cracking.

Conclusiona: ]
At the normal operating environment 3161 stainless sieel is expected 10 be acceptable.

& Crevice Corresion
See Pitting.

Conchevion:

See Pitting

f Corroslon at Welds

Comosion at welds is not considered a problem in the proposed environment.

Conclusion:
Weld corrosion is nol considered a problem for this systern.

g Microblologically Induced Corrosion (MIC)
The proposed operating conditions are suitable for MET., lowever, MIC is not normally observed in operating systems except for those
cxposed 1o untreated process water.

Conchusion:
MK is not considered a problem.

h Fatigwe/Cerroslon Fatigue
Corrosion futigne is a not sxpected to be a coneemn,

Conclusions
Not believed to be a concem.
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i Vapor Phase Corrosion
No vapor phase corrosion is expected.

Conciusion:
Not applicable.

j Erosion
Velocities are cxperted to be low. Erosion allowence of 0.004 inch for compoments with Jow solids coment {< 2 wi%s) at tow velocities is
based on 24590-WTP-RPT-M-04-0008. ‘ .

Conclusion:
None expected.

& Galling of Muvieg Surfaces
Not applicable.

Concluzion:
Mot applicable.

1 Fretting/Wear
No cortacting surfaces expected.

Conclusion:
Not applicable.

m Galvaaic Corroslon
No dixsirmilar metais are present.

Conclusion:
Mot s concemn.

n Cavitation
None expecied.

Conclusion:
Not believad v be of concem.

o Creep
The temperatures are 100 low to be a concem.

Conclusion:
Not appliczble.

p Inadvertent Nitric Acld Additlon ) )
Higher chloride conltents and higher tesperatures usually roequire higher sloy materials. Nitrate jans inhibit the pitting and crevice corrosion
of stainless alkyys. Furthermore, nitiic acid passivates these aflays; 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 upeet candition that was most likely to occur ia lowering
of the pH of the vessel content by inadvertent sddition: of 0.5 M nitrie acid. Lowering of pH may make a chlonide-contaming solution more
likely lo cause pitting of stainless alfoys. Inercasing the nitric acid content of the process fluid adds more of the pitting-ihibiting nitrase jon
io the process fluid. In addition, adding the nitric acid solution to the strearn will dilute the chloride content of the process fluid.

Conctusion: )
The recommended materials will be able to withstand a plansible inadvertent addition of 0.5 M nitric acid.
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PROCESS CORROSION DATA SHEET

Component(s) (NamefiD &) Eluate contingency vessel (CNP-VSL-00003)
Elate confingency breakpot (CNP-BRKPT-00001

Facility PTF
In Biack Cell? Yot
Chemicals Unit’ Contract Max Non-Routine 4 Notes
Lanch No lswch Leach Ho Lwach
Atuminum | 1iEMn 1.10E+01
P 4.51E+L0 SOZE+00
o 5.38E400 5.88E400
o 2.60E-01 BS7E-O1
o | amew2 4B4EWR
o 2ABE+0) 277EM1
¥ 1.80E+0) 1.08E+01
9.58E400 1.06E+01
@ 147603 eNED
o’ 3.38g+01 SAIEA0!
wi% .
#
¢
NiA Noled
r Note 2
Nets 4
e

Notes:
1, Conceniraiars ks than 1x 10 o do not need 1o be reporied; Sat veluss to hag aignificant gt nae.
2. Baeem Ia e for anaier. Tha brasipat is nonally eriply ard st smbhlent lamparsiure Mosl of the Tine,
CNPYBL-D0003; T nomal cperation T7 “F (sluats siream) ko $40 °F CHAI0-PTF-A5GC-CNP00001, ftev 0)
[3. Compasition £ vavy and 13 racelved on W continpency hasis,
The veazel fevelvas Cx Elusis 81 kv pH of mpprox., 0.3 or mars, vwith low vals of O, F, ei¢, aise e Cy Bvap O niraie tht has besh

nwutraized to pH approw. 14 wih high lovels of CL I, eic. Wivamum pi et on 0.50 nliric acit
4. Nots CXP11 hag the samt composton w3 CXP21 but CAP21 doss N6t appear in the muxs belance becwuas i s a contingent streant 1o the versel.

IAssum ptions:
[This wattad 8 conlingency vesssl I unier Nonmal operslions contale & hasl only. I is svailebie to Tecwive Cx Concantrate and Cx Bils,
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411  CsEvaporator Breakpot (CNP-BREYT-00001)

Rowtine Opersfions .
This vessel is Eﬁ@gﬂnsﬂsigsgggigsgn—ag
and Cs chute, which driins to the eluate contingenoy storage vessel ((NP-VSL-00003).

Noo-Rextine Operations that Conld Affect Carrostow/Erosion

Repovered scid flows by gravity from the bottom of the O3 evaporstor nitric acid rectifier (CNP-DISTC-
00001) to the Cs cvaporator recovered nitric acid vesse] (CNP-VSL-00004). CNP-VSL-00004 hus
envugh eluaant to complete one elution of & pormal bed of SuperLig $44 resin. If the acid neods
Tepoocasing, as cvideaced by am activity abave allowsblo lovels, it s recycled through the nitric acid.

a
10 the E%gg.ﬂgﬂg? is sent back o lngng

‘breakpet (CNP.BREKPT-00002) st the beginning of the rystem. 1f the scid fs acceptabls (low gama and
cotveot HINO, consentration), it is transferred directly into the cluant stream feeding the IX colomns.
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CNP-VSL-00001, (PTF )
Cs Evaporator Elnate Late Pot ISOUED BY
s  Design Tenperature {°F) Gnax/min): 237/40 RPRWIP PDC

®  Design Pressure (peig) (internal/external); 40/Atm I
®  Location: incell

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 the stated pH at the normal operating temperstre.
¢ The condition of high terperature due to self-boiling of Cs concentrate is assumed 10 be infrequent and of short duration,

Materials Considered:
Material Ralative Acceptable Uasceeptuble
. {UNS No.) Cost Material Materisi
Carbon Steel 023 — X
3041 (530403) 00 X
161 (331603 18 X
6% Mo (NDB3GT/N0B926) 64 X
Alloy 22 ) i4 X
T2 (RS0400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
*  Develop procedure for periodic flushing with water.

Fleast note that source, special nuclesr and byproduct matecials, oy
defined in the Atomic Fnergy Act of 1954 (AR, are regulated at the
U.S. Department of Energy (DOE) facilities exclusively by DOE
acting pursuent to its ABA authority. DO asserts, thet pursusnt to
the AEA, it hus sule snd exclusive responsibility and suthority to

(PR ez ]

regulate source, special nuclear, sod byproduct muterials sr DOE- ‘ 5‘;{04
owned nuclesr facilities. Information contained herein on
adionuclides is provided for process description purposes only. This bound docurnent containg & total of 6 shects.
.
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Corrosion Considerations:
This lute pot receives eluate from the IX colwmms.
a Genersl Corrosion .
In the proposed pH opemting renge, fittle specific information was found for the general/aniform corrosion of stainless steels or other
Tomtesial in the given wasic, This lcl of dats is not exitical because the alloys needed for the systemn typically fail by pitting, erevice
cormosion, or cracking. Onﬂﬁshﬁs,acmmnﬂomcehuBulenmmgﬂmshnnmnﬁnlvduoism.
Davis (1994) states the coerosion rate for 3041 and 3161 will be less than about 0.1 myry at thess temperatures.

Conclusion:
304L and 3161 are both expected to be sufficiently resistant 1o the waste solution with a probable genezal corrosion rate of less than 1 mpy.

b Pitting Cerroslon
With the stated conditions, 304L would be marginal but 3161 is secomumended. With thorpugh flughing with water, 3041 is acceptable.

Conclusion:
The data from the flowsheets suggess there are sufficient halides to canse pitting in 304L unless thoroughly flushed.

¢ End Grala Cerrosion

Not believed to be applicable to this system.

Conelusion:

Not apphicable to this system.

d Streas Cerrosion Cracking :

The exact amount of chioride required #o stress corrosion crack stainless steel is unknown. In part this is because the amount varies with
temperature, metal sensitization, and the environment. But it isalso unimown because chioride tends to concentrate under heat transfer
conditions, by evaporation, and ¢lectrochemically during a corrosion process. Hence, even #s litthe as a few ppmcan Jead to cracking under
some conditions. Generally, ws seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually oo below shout
140°F, Further, the use of "L grade stainless reduces the opportumity for sensitization.

Conclusion:

The use of 316L is recommended for the stated conditions. Though with flushing, 3041 is scceptable.

¢ Creviee Corrosion

See Pitting.

Conczlusion:
See Pitting

f Corrosion at Welds )
Corrosion st welds is not & probiem in the propoied covironment,

Conclusion:
Weld corrosion is a not expecied to be a concern.

g Microblelogically Induced Corrosion (MIC) : ‘
The proposesd operating conditions are generally acceplable for MIC. However, MIC is not normatly observed in operating systerns
Conclusion: )

MIC is not considered o problem.

h Fatigue/Corrosion Fatigoe
Cotrogion fatigue is not expected to be a concemn

Conclusions
Not 3 concem.

i Vapor Phase Corrosion
‘Notexpected to be a concem.

Conclusion:
Vapor phase corrosion is not expected.
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§ Eroslea

} There are no solids and the velocities are expected] 1o be Jow. Ercsion allowance of 0,004 inch for components with low solids content

(< 2 w1%) at low velocitics is based on 24590-WTP-RPT-M-04-0008.

Conclusion:
Not s concem.

k Galllug of Moving Surfaces
Not spplicable.

Conclusion:
Not applicable.

I Fretting/Wear
Na contacting surfaces expected,

Conclusion:
Not applicable.

m Galvanie Corrosion
No dissimilar metals zre present.

Conclusion:
Not applicable.

a Cavitation
None expested.

Conclusion:
Not belicved 10 be of concern.

o Creep
The kmperatures arc oo low tobe a concern.

Conclusion:
. Notupplicable.

p Inndvertent Nitric Acid Additloa
Vesse] routincly operates &t low pH.

Conclusion:
Not applicshle,
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PROCESS CORROSION DATA SHEET

Component(s) (NamefiD /) Cs concenirate breakpot (CNP-BRKPT-00002)
_Cs evaporator sluate lute pot (CNP-VSL-D000Y,

Facility PIE
in Black Cali? You
Chemicals Vit Contract Max _ Non-Routine > Notes
Loach No lewch Losch T
U i e ZHEDT
loride ;m AMELD 1.06E-01
ot | tossot 1.28€-01
lron g | 102 | 180602
Nitrate w $.84E601 S81E+00 4 48E-04 446504
itrite '] ABE.01 5.89E.01
[ ] 3850 413601
ulfate o 1.88E-01 224501
Mercury o SATED 1AZED4
ol | esseot 7.24E
ndissoived solids | wi%
r fald ﬂ
A
. L3 fworption t ]
Temperature X Note 2

1. Concantrations lses than 1 10 91 do not nesd 10 be reportad; Sut vaiune &) two sigrificant dighs e,

2 Breakpot Steam ks used for ranslor. The breaigot s pormally emply and st ambient tempemiure maost of the tims.
Vesaet: Thorma! operating range 77 *F {slasie} o 140 F (24500-PTR-MEC-CNA.00001, Rev 0)

ﬂa. Nitric ncid cherge (CNPOT)

sumptions:
1, Sirgam CXP12 post elution e pH eppeoic 0.5, CXP1 1 siution stream pH appeos. 0.3 or mors.
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412 CsConeentrate Breskpot (CNP-BRECPT-00002), Cs Evaporatos Elnste Lute Pot
(CNP-VEL-00001)
Reutine Operations

Under ormel operations, the elnant from the IX columes goes directly to the Cs concestrato bresiqot,
CNP-BRKPT-00002. Eiuade is then grirvity-fid through » lnte pot, CNE-VEL-00001, futo the sepaestor
vessel, CNB-EVAP-00001. nﬁ_&nhﬁ.bog vented to ?ggﬁggii

rings and porge wir.

Non-Routine Operstians that Coold Affect Corresion/Eresion
Nous idestifiod.
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CNP-HX-00004 (PTF ) m&ﬁl‘a@lﬂﬁ“‘
Cs Evaporator After-Condenser

o Design Temperature ("F)max/min): Shell side: 378/40: Tube side: 125/40
¢ Design Pressure (psig) (max/min): Shel) side: 100/FV; Tube side: 100/FV
¢  Location: outeell

Design temperature and pressure information is considered bounding and to be confirmed by Vendor.

ISSUED BY
RPRWTP 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

Materials Considered:

Materinl Relative Acteptable Unacceptable
{UNS No.) Cost Materinl Moaterisl

Carbon Steel 0.23 T X

304L (330403) 1.06 X

T18L (531603) 118 X

6% Mo (N0B361/NORI2E) 7.64 X

" Alioy 22 (NO6022) 114 X
Ti2 (RE0400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
s None

Please nott that source, special nuclesr and byproduct matesialy, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at the
1).S. Department of Energy (DOE) facilities exciusively by DOE
acting pursuant to its AEA suthority. DOE asserts, that pursuant to
the AEA, it has sole and exclusive responsibility and authority to
regulste source, special nuclear, and byproduct mmaterials at DOE-
owned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only.

EXPIRES: 12/07/ ¢

‘This bound document contzing & total of 6 sheets.

1 5’/:-/ ﬁ,‘ Issued for Permitting Use @v W W, ,é(
0| o/a/04 Tssued for Permitting Use DLA JRD APR_
REV | DATE | REASON FOR REVISION PREPARER CHECKER APPROVER
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Corrosion Considerations:

Exhaust vapors from the Cs evaporator separator vessel are condensed in CNP-HX-00004 prior to venting to the
ventilation system scrubbing equipment. The condensate from the condensers has a minimat amount of HNO;
making it slightly acidic. .

a General Corrosion

In normal eperation, the vessel will contain either treated process water (slightly acidic) or DIW. Based on Uhlig (1948),
fittle umiform corrosion is expected at these conditions. The uniform corrosion rate of the 300 series stainless steels in DIW
at temperatures up to about boiling are generally considered small, <1 mpy. Harmmer {1981) lists a corrosion rate for 304 -
(and 304L) in purc water of less than 2 mpy (his smallest unit of measurement).

Conclusion: .
304L or 316L are acceptable for this systern with a probable general corrosion rate of less than 1 mpy.

b Pitting Corresion
With the proposed temperatures, 304Lis aceptable under the stated no-chloride conditions.

Conclusion:
The data from the flowsheets suggest there arc no halides to cause pitting; 304L is recommended.

¢ End Grain Corrosion
. Not believed to be applicable to this systenL

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking

The exact amount of chloride required to siress corrosion crack stainless steel 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, cven
as little as a few ppm can lead to cracking under some conditions. Generally, as seen in Sedriks {1996) and Davis (1987),
stress corrosion cracking does not usually oecur below about 140°F. Further, the use of "L” grade stainless reduces the
opportunity for sensitization.

Conclusion:
The use of 3041 is expected to be acceptable for the stated no-chloride conditions.

¢ Crevice Corrosion
See Pitting.

Conclusion:
See Pitting.

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

Conclusion:
Weld corrosion is not considered a problern for this system,

¢ Microbiologically Induced Corrosion (MIC)
The proposed operating conditions are suitable for MIC if infected. However, infection is considered unlikely.

Conclusion:
MIC is not considered a problem.
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b Fatigae/Corrosion Fatigue
Corrosion fatigue is a not expected to be & concern.

Conclusions
Not applicable.

i Yapor Phase Corrosion
Not applicable to this system.

Conclusion:

Vapor phase corrosion is not expected.

j Ercsion _
Velocities within the condenser arz expected to be tow. Erosion allowance of 0.004 inch for compenents with low solids
content (< 2 wit%} at low. velocities is based on 24590-WTP-RPT-M-04-0008.

Conclusion:
Not expected to be a concern.

k Galling of Moving Surfares
Not applicable.

Conclusiom:
Not applicable.

1 Fretting/Wear .
No contacting surfaces expected.

Conclusion:
Not applicable.

m Galvanic Corrusien
No digsimilar metals are present.

Conclusion:
Mot applicable,

n Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep
The temperatures are (00 low 1o be 2 concem.

Conclusion:
Not applicable.

p Insdvertent Nitrle Acld Addition
The contents of the condenser art essentially water with no reportable halides. The lowering of the pH by the inadvertent
addition of nitric acid would be of no concem.

Conclusion:
The recommended materials will be able to withstand a plausible inadvertent addition of nitric acid, -

CNP-HX-00004: Sheet:3 of §
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PROCESS CORROSION DATA SHEET
Component{s) (Name/ID #) Cs evaporator primary, inter- and efter- condenser (CNP-HX-00002,3,4)

Facility PTE
In Black Cell? Mo
Chemicsis Unit! ontract Max Non-Routine Notes
Laach Ne No Lasth

(A uminum gm’ ) e _—

Chloride gim’
[Fiuoride gim’

ron o

Nitrate g’

Nitrite g’

Phosphate om’
|sulitate oim’
IMercury ghn

Carbonate gm®
|Und|uomd solids it
[Other (NaMnO4, Ph,..) | om
lOl!nr pm’ -
WA Assumption 1 j

Tamparature e Aseumption 2

List of Organic Species:

A0 PTFIYD-CNP-D0001, Rav T .
3 M Caloiation 24NNV PVMC-VI 11-00008, Faw

PFD: 24560-FTF MSV1TT-PO0TA, Row 1
[lechnios! Reports: NA

otes: :
H Concentrations foss then 1x 10 gim® do ot aved S0 b reporied; Sl valuse ko wo signiicant dighs max,

A ssumptions:
[t. The overheads from the athation cokimn ane expectes 10 be tontals primanly wter with pH neer of at 7.0,
?‘ same ns T notmal operation for the hot, 172 °F w 212 °F {p of opetation for lest cond L] heric)
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4.15  Cs Evaporator Primary Condenser (CNP-HX-00002), Cs Evaporator
Inter-Condenser (CNP-HX-00003), and Cs Evzporator After-Condenser
(CNP-BX-00004)

Routine Operations

The Cs evaporator primary condenser, CNP-HX-00002, is a water-cooled, U-tube unit with condensation
taking place on the shell side, The condenser shell incorporates a condensate sump, which contains a weir
arrangement to control the flow split between the reflux and the overhead product flows. The overhead
product flow includes excess water from the pre-elution and post-elution rinses sent to the Cs evaporator
separator vesse] from the cesium jon exchange cohmmns,

To reduce the boiling temperature of the liquids in the Cs evaporator separator vessel, the system is run
under vacuom. This is achieved using a two-stage steam ejector system. Exhaust vapors from the ejectors
are condensed in Cs evaporator inter-condenser, CNP-HX-00003, and afier-condenser, CNP-HX-00004,
prior to venting 10 the ventilation system scrubbing equipment. Process condensate from the Cs

~ evaporator primary condenser and Cs evaporator secondary condenser drains to the acidic/alkaline effluent
vessels, PWD-VSL-00015 and PWD-VSL-00016, located in the PWD system.

The condensate from the condensers has a minimal amount of HNO;, making it slightly acidic but not
acidic enough to warrant neutralization; thus, it will be considered and referred to as process condensate.

Non-Routine Operations that Could Affect Corrosion/Erosion
None identified.

CNP-HX-00004: Sheet:6 of 6
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CXP-VSL-00001 (PTF)
Cs Ion Exchange ¥eed Vessel

*  Design Temperature (CF)(mux/min); 132/30

+  Design Pressure (psig) (internal/external): 15/10
s  Location: incel} !

seueoan AR e

-1 R10687872

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Maintenance will notbe performed on this vessel for the forty years design hife

Operating Modes Considered:
& The vease! is filled with LAW.
*  The vessel is fitled with demincralized water.

Materials Considered:

Material Relative Acceptable Umaceepiable
{LINS Neo.) Cost Materia} Materinl

Carbon Steel 023 X

3041 (530403) 1.00 X

3161 (S31603) 1.1 X

5% Mo (NCB367/NOB926) T.604 X

[CAloy 22 (NDG022) 114 X
Ti-2 (R50400) 16 ‘ X

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

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

Process & Operations Limitations:
s Deveiop ringing/flushing procedure for acid and water.

Please note that sovree, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 {ABA), are regulated a1 the
US. Department of Energy (DOE) facilities exclusively by DOE
acting pursusnt fo its AEA suthunly. DOE usscrty, that pursuant 1o
the AEA, it has sole and cxclusive responsibility and autharity to
regulate souree, special nuclear, and byproduct materials at DOE-
owned nuckear facilities. Information contained herein on
radionuctides is provided for process description purposes only,

This bound document contains a total of § sheats.
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Corrosion Considerations:

This vessel normally receives filtered LAW from one of the ultrafilter permeate vessels (UFP-VSL-G00062A/B/C), as well
as batches of pre-clution displaced LAW from the jon exchange column, and provides feed buffer capacity to allow
continuous operation of the 1X system.

a Genernd Corrosfon

Hamner (1981) lists a cormosion rate for 304 (and 304L) in NaOH of less than 20 mpy {500 pm/y) at 77°F and over 20 mpy at 122°F, He
shows 316 (and J16L) has a rate of less than 2 mpy up to 122°F and 50% NaOH. Dillon (2000} and Sudriks {1996) both stare that the 300
series alloys are aceeptable in up w 50% NaOH at temperatures up to about 122°F or slightly shove. Davis (1994) states the comosion rate
for 304L in pure NaQH will be jess than about 0.1 mipy up to abowt 212°F though Sedriks states the data beyond about 122°F are incomect.

In this system, the notmsl hydroside concenirations snd temperatures are such that either 3041 or 3161 stainless stee] will be acecptable,

Conclusion:
At temperatares Jess than about 140°F, 3041 and 3161 ar expected to be sufficiently resistant to the waste solution with a probable generst

commosion rate of less than ] mpy.

b Plitiag Corrosion

Chloride is known to causc pitting in acid and neutral solutions. Dillon (2000} is of the opinion thet in alkaline solutions, pH>12, chlorides
arc likely to promote pitting only in tight crevices. Dilion and Koch (1995) are both of the opinion Ut flucride will have little effect in an

alkaline media. If the chloride concentrations 2re low ot the Jow pH and high st the high pH, then even the low pH conditions are expected
to he benig towards 3041

Normally the vessel is to operate between 77 and 110 °F. At the normal temperature, based on the work of Zapp (1998) and others, 3041.
stainteas stec? would be acceptable in the proposed alkaline conditions.

1t the vesse) were rinsed with acid ot filled with process water and left stagnant, there would be a lmdmcy topit. The time to initiate would '
depend on the amount of residual chiorides. The moze pitting-resistant 216L iy revommended.

Conclusion:
Locslized corrosion, such 23 pitting, iy not 2 concrm. M is expacted that 3161 will be 2 better choice than 3041

¢ Erd Graln Corraslon
End yrain corusion only occurs in metal with exposed end graing and in highly oxidizing a¢id conditions.

Conclusion:
Not Ykely in this system.

d Seress Corroslon Crackiag

- The exsct amount of chloride required 10 cause siress comrusion cracking is unknown. In part this is because the amount varies with
temperature, metal sensitization, &d the environtent. But it is also unknown because chloride tends to concentrate under heat transfer
conditions, by evaporulion, and tlectrochemically during & corrosion process, llence, even as litlle as a few ppm can lead 1o eracking under
some condifions., Generally, =y seen in Scdriks {1996} and Davia (1987), chloride stress corrosion ¢racking does not usually occir below
about 140°F. During the normol operations, either 304L or 316L. arc expreted to be satisfactory.

Neither 2041, nor 316L are susceptible to maustic cracking st the proposed conditions.

Conciusion:
At the norma! operating environment, cither 3041 or 3 16L, is recommended.

e Crevice Corvosion
See Pirting.

Conclusion:
See Pitting

f Corrorlon at Welds
Corrosion at welds is ot considered a problem in the proposed environment,

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

CXP-VSL-0000!: Sheet:2 of 6
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g Microbiologicalty Induced Corrosion (MIC) ‘
The proposed operating conditions sre not conducive to microbial growth if mi

1 " ]

were inl

Conclusion:

MIC iz not considered a problem.
h l‘nﬂgnd(‘.nrmsioﬁ Fatigue

Not expected to be s concem,

Conclusions
Nol # concern.

i Vapor Phase Corrosion

The vapor phase portion of the vessel is expected 10 be contacted with particles of waste from splashing. It is unknown whether this will be
sufficiently washed or whether residual acids or solids will be present. Due to the posstbiity that deposits may remain, 316L ig the
minimum recommended.

Conclusion:
Not expeciad 10 be a concern with 316L.

] Erosion
Erosion of vesse] should be minimal with the very low undissolved solids content anticipated. Erosion allowanee of 0.004 inch for
tomponents with low solids content (< 2 wi%) at Jow velocities is based on 24590-WTP-RPT-M-04-0008.

Conclusion:
Not exposted 1o be a concern.

k Gatling of Moving Surfaees
There are no moving surfaces within the vessch.

Conclusion.
Nol applicable.

i Frettiog/Wear
No contecting surfaces expected.

Conclusion:
Not applicable.

m Galvanic Corrosion
No dissimilar metais are present.

Conclusion:
Not applicable,

r Cavitation
None expected,

Conclusion:
Not believed 1 be of concern.

o Creep
‘The temperatures are 100 low to be 2 concemn.

Conclusion:
Not applicebie,

p Inadvertent Nitric Acid Addition

Higher chioride contents and higher 1emperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice cormosion
of stainless alioys. Furthermore, titric acid passivates these alloys; therefore, lower pH values brought about by incresses in the nitric acid
content of process fluid will not couse higher corrosion rates for these slloys. The upset condition that was most likely 1o oceur is lowering
of the pH of the vesael content by inadvertent addition of 0.5 M nitric avid. Lowcering of plf may make a chloridecomtaining solution more
likely to cause pitting of stainfcss slloys, Incrowsing Ehe nitric acid content of the proceas fluid adds more of the pitting-dnhibiting nitrace jon
tn the process fluid, in addition, adding the nitric acid salotion to the stream will dilute the chloride content of the process floid.

Conclusion: .
The recommended materials will be able to withstand & plausible inadvertent addition of 0.5 Mnitric acid for a limited period.

CXP-VSL-00001: Sheet:3 of §
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24530-WTP-RPT-PR-04-0001, Rev.. B

‘WTP Process Corrosion Data
PROCESS CORROSION DATA
Component({s) {Name/1D #) Cs jon eachange feed vessel {CXP-VSL-00001}
Facility PIF
In Black Coli? Yos
Chemicals Unit' Contract Max Non-Routine Notes
Leach No eech Leach No Leach
a 3.15E+04 317E+01 )
1. 2B 1.45E01
gt 1 A4E+01 1.73E+01
ol 2.3E+D0 2.50E+00
o 223E+02 2.50E+02
ot B.89E+01 8.01E+03
gl 4.83E+01 5.88E+04
pit 2.57E+0% 3.08E+01
il 7ATE02 1.94E02
on 9 (AEO1 9.93E+01
d e
Other [NaMnOM, Pb,...)
[Other P
NA Hoted
Temperatura *» Notws 2
ILIst of Organic Species:

otes:
1. Concontrations Iz then 1 10754 80 nok need ts b Fported I vARES TS twe TOificant diits max.
7 operabon 77 F 10 113 *F {24580-PTR-MVC-CXP-00001, Raw )
PH apprainaisly 12 {DuEsd ORAY{OR) preciptation) b 14, CXRG, UFP33 are ughly bagic, contsin 0,268 NatH.

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

433 CslomExcha wmi<§aAnﬁ.ﬁrssuv_

Routine Operations

?n-ﬁ%gghggés ia designed to receive LAW from the o EEEE
procen system (UFP) mud provide feed buffer eapacity to allow continuous operation of the IX system.
The vessel normully receives filkered LAW from one of the Dree ultmafilter permeste vesscls (UFR-VSL-
00D62-A, -B, ot -C), as well as hatches uf pre-clution displaced LAW from the ion cxchange columns. Rt
can reooive (utermittenily) LAW thet bypasscs the ultrafilters (from UFP-VSL-00001-A or -B) and
n%ﬂ%mﬂuﬁogggigg ‘The total betch volume of the Co-IX
feed vessel in 30,000 galions.

z‘gsﬂsgol?ga

This vessel is also weod as u E&%mﬁﬁnnghgpggﬂ is found %o be out of
specifieation for “Cy comtont, ‘This vessel overflows $o PWD-VSL-00033. For corrosion evalmtion, the
recycle swresn is bounded by the feod stream.
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CXP-VSL-00004 (PTF) 3 ;’fF%EUED B\ m"Lo‘fliJ!!!mm
Cs IX Canstic Rinse Collection Vessel PPWIPPDC G EFSPRING ITEMS
e Design Temperature F)irnaximin}: 13840 CXP-VSL00006 — CXP-VSI -H0009
e Design Pressure (psig} (mamin): 15/FV: _ CXP-PIM-00001, CXP-RFD-00004A/B
e Location: ncel . CXP-RFD-00005 - CXP-RFD-50006
¢ )M Discharge Velocity {fps): 40
o DriveCycle: 57% (st 40 ps) : [

Conteats 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 caustic rinsc water.

¢ The vesscl is filled with process condensate or demineralized water.
«  Noacid is present.

Materials Considered: : _

Material Relative Acceptable Unsecceptable
(UNS No.} Cost Material Materisl

Carbon Steel 0.23 X

304L (530403) 1.00 X

316L (S31603) 1.18 X

6% Mo (NO8367/ND8926) 7.64 X

Alloy 22 (NO5022) 1.4 X

Ti-2 (R50400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
+  TNone

Peasc note that sourre, special nuclear and byproduct materials, as
defined in the Atomic Encrgy Act of 1954 {AEA), are regulated at the
1.8, Department of Encrgy (DOE) facilitics cxclusively 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 DOF-
owned nuclesr fucitiies. Information contained herein on

vadionuclides is provided for provess deseription purposes only. This bound document contains a total of 7 sheets, |
- e
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Corrosion Considerations:

This vessel allows recycle and reuse of the originally nominal 0.25 M N2OH soltion from the Cs IX{ column.
The solntion exits the column with 2 nominal caustic concentration of about 0.1 M NaOH. This vessel can also
receive fiesh nominal 0,25 M NaOH solution as well as process condensate from one of the process condensate
vessels.

a General Corrosion
The caustic rinse collection vesscl eollects rinse water from the YX colurms during the wash eycle. The rinse solution is

made up of diluted caustic solution with process condensate and/or demineralized water

Hamner (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 am/y) at 77°F and over 20 mpy
 122°F. He shows 316 (and 316L) hus a rate of less than 2 mpy up to 122°F and 50% NeOH. Dillon (2000) and Sedriks
{1996) both state that the 300 series afloys are acceptable in up to 50% NaOH at temperatures up to about 122°F or slightly
above. Davis {1994) states the corrosion rate for 304L in pure NaOH will be less than about 0.1 mpy up to sbout 212°F
though Sedriks states the data beyond about 122°F are incorrect.

In this system, the normal hydroxide concentrations and temperatures are such that 304L stainless steel will be accepiable.

Conclusion: .
At the given temperatires, 3041 and 316L are cxpected to be sufficiently resistant to the waste solution with a probable

general corrosion rate of iess than 1 mpy.

b Pitting Corrosion

Chloride is known lo cause pitting in acid and neutral solutions. Dillon {2000} is of the epinion that in alkaline solutions,
pH>12, chlorides are likely 10 promote pitting only in tight crevices. Dillon and Koch (1995) are both of the opinion that
fluoride will have tittle effect in an alkaline media. 1fthe chioride concentrations are low at the Jow pH and high at the high
pHB, then even the low pH conditions ore expected to be benign fowards 304L. Revie (2000} and Uhlig (1948) note nitrate
inhibits chlaride pitting. .

Normally the vessel is to operate ot 77 to 113 °F. At the normal temperature, based on the work of Zapp (1998) and others,
3041 stainless steel would be acceptable in the proposed alkaline conditions.

If the vesse] were filled with process water and lefi stagnant, there would be a tendency to pit. The time to initiate would
depend on the amount of residual chlorides.

Conclusion:
Localized corrosion, such as pitting, is not expected. At the stated operating conditions3D4L will he suitable,

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

Conclusion;
Not likely in this system.

d Stress Corrosion Cracking '

The exact amount of chicride required to cause stress corrosion cracking is unknown. 1n 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, snd clectrochemnically during a corrosion precess. Hence, even
us little a5 a few ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (3996) and Davis (1987),
chloride stress corrosion cracking does not usually oceur below about 140°F. During the normul operations, either 3041 or
316L arc expected to be satisfactory.

Neither 304L nor 316L are susceptible 10 canstic cracking at the proposed conditions.

Conclusion:
At the normal operating enviromment, the alloy recommended is 304L.
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¢ Crevice Corrosion
See Pitting.

Conclusion:
Sec Pitting '

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

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

g Microblolegically Induced Corrosion (MIC)
The proposed operating conditions are not conducive to microbial growth if microbes were introduced.

. Conclusion:
MIC is not considered a problem.

h Fatigue/Corrosion Fatigne
Not expected to be a concern.

Conclusions
Not a concemn.

| Vapor Phase Corrosion

The vapor phasc portion of the vessel is expected to be contacted with particles of waste from splashing. It is unknown
whether this will be sufficiently washed or whether residual acids or solids will be present. Under the stated conditions,
with wash ring present in the vesse), this is not expected to be a concemn ,

Conciusion:

Nol a coneemn,

j Erosion

Based on pust experiments by Smith & Elmere (1992), the solids are soft and crosion js not expeeted to be a conecmn for the
vessel wall. Based on 24590-WTP-RPT-M-04-0008, a gencral crosion allowance of 0.004 inch is adequate for companents
with solids content less than 2 wi%. No localized protection is necessury for the applicable portions of the botiom head to
accomymodate PIM discharge velocitics of up 1o 12 m/s for a usage of 100 % dperation as documented in 24560-WTP.MOC-
50-00004.

The PIM nozzle requires no additional psotection as documented in 24590-WTP-M0OC-50-00004,

Conclusion:
The recommended corrosion ellowance provides sufficient protection for crosion of the vesscl.

k Galling of Moving Surfaces
Not gpplicable.

Conclusion:
Naot applicable.

1 Fretting/Weur
No contacting surfaces expected.

Conclusion:
Not applicable.
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m Gslvanic Corrosion .
No dissimilar metals are present.

Conclusion:
Not applicable.

n Cavitation
None expecied.

Conclusion:
Wot believed 1o be of concemn.

o Creep
The temperaheres arc too low to be a concemn.

Conciusion:
Not applicable.

p Inadvertent Nitric Acid Addition

Higher chieride contents and higher temperaturcs usually sequire higher alloy materials. Nitrate ions inhibit the pitting and
creviee corrosion of stainless alloys. Furthermore, nitric acid passivates these alloys; therefore, lower pH values brought
shout by increascs in the nitric acid content of process fluid will not cause higher corrosion rates for these alloys. The upset
condition thet was most likely to occur is lowering of the pH of the vesse] content by inadvertens addition of 0.5 M aitric

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 mere of the pitting-inhibiting nitrate ion to the process fluid. In addition, adding
the mitric acid solution fo the stream will dilute the chlaride content of the process fluid, :

Conclusion:

The recommended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitic acid for a limited
period.
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PROCESS CORROSION DATA SHEET
Campanent{s) (NameAD #) Cs IX caustic rinse collection vessal (CXP-VS1-00004)

Facllity PIE

In Black Cell?

Coniract Max Non-Routine Notes

Chemiculs L3 ut
Loach No lngch Loach No Laach

Alurninum
{Chloride
Fluoride
fron
Nitrate
Nitrite
Phosphate

Sulfate

Mercury

[Carbonate
Undissolved solids

sr (NaMnOMd, Pb....}

[Cther

fe

Temperature

8.70F.04 1.01E-03
130504 155604
435604 1.585-04

2.53E-08 278604

fssumption 1
Note 2

. 3
agsshgggasssssa glP

Il.id of Organic Species:

oles:
1. Concentrations laax than 1x 17 g4 co not need T be mpored, st values to two signifcart Ao mex.
2, Toormal opetalion 77 °F 1 113 *F (24590 PTE-MVC-CXP-O0004, Rev D)

JAssumptions:
1. Process concensebe s pH 7, stream €X0P13 has pH 13 (C.1M NaCH)
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43.4 Cs-IX Canstic Rinse Coilection Vessel (CXP-VSL-00804)

Routine Operations

The Cs-IX caustic rinse collection vessel (CHP-VSL-00004) allows recycle and reuse of the
originally nominal 0.25 M NaOH selution. The Cs-IX canstic rinse collection vessel is designed to
Teceive spent caustic regeneration solution that has been discharged from a Cs IX colurmn (CXP-IXC-
00001, -00002, -00003, or -00004) during the regeneration sequence.

The spent regeneration solution, which originates as a fresh 9,25 M NaOH solution before
introduction into the column, exits the column with a nominal caustic concentration of about 0.1 M
NaOH. This solution is then collected in the Cs-IX caustic rinse collection vessel for use in the LAW
displacement sequence. During the column regeneration, 2500 gallons of frcsh 0.25 M NaOH
solution are fed to a colunm. A significant portion of the initial NaOH that is fed to the colurmmn reacts
with the resin and, as a result, the initial solution exiting the column is depleted in NaOH. Only about
half of the volume of the total batch of regeneration solution is captured for use in the LAW
displaccrnent sequence; since the later half has a higher strength in NaOH, it is captured. This is
accomplished by valving the first portion of the exiting regeneration solution to one of the
acidic/alkaline effluent vessels (PWD-VSL-00015 or -00016), and valving the second portion to the
Cs-TX caustic rinse collection vessel.

For startup and makeup purposes, the Cs-IX caustic rinse collection vessel can receive fresh nominal
0.25 M NaOH solution from an outecll tank (SHR-TK-00005). It can also receive (as a source of
water) process condensate from one of the process condensate tanks (RLD-TK-00006-A or -B) via a
header. Some adjustment of the NaOH concentration can be made using these two sources, The
solutions made in the Cs-IX caustic rinse collection vessel can also be used to cool Cs IX colurnns
(through the use of flow-through cooling) in abnormal situations. Alternatively, the Cs-IX caustic
rinse collection vessel can be used to receive batches of cooling solution that have passed through a
colurm.

Non-Routine Operations that Could Affect Corrosion/Erosion
None identified.
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CXP-VSL-00005 - (PTF) M\‘QM‘;‘M
Cs IX Reagent Vessel
*  Design Temperature (*F)}{(max/min): 138/40
e Dcsign Pressurc {peig} {max/min): 15/FY
*  Location: incell

ISBUED BY
APPWIYP PDC

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:

s The vesacl is filicd with caustic,

s The vessel is filled with demincralized water.

¢ The vessel is filled with nitrie acid (standby condition).

Materials Counsidered:
Material Relative Accepiable Unacceptable
{UNS No.} Coxt Material Material
Carben Stecl 0.23 X
3041, (530403) 1.00 X
3161 ¢531603) 118 X
% Mo (NOB36T/NO3S26) 1.64 X
Alloy 22 (NO6022) 4 X
Ti-2 (RS0400) 0.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
*  Develop rinsing/flushing procedure for acid and water (rinse prior to sdding ncid after receiving solids from CXP-VSL-00004). |

Please note that source, special nuclear and byproduct materisls, as
defined in the Atomic Energy Act of 1954 (AEA), wre regulaied ui the
U.S, Department of Energy {DOE) facilitics exclusively by DOE
acting pursuant to its AEA authority. DOE ssserts, that purgusnt (o
the AEA, it has sol and cxclusive responsibility and authority to
regulate soutce, special nuclear, and hypeoduct materials at D)~
owned nuclear facilities. information contained herein on
radionuclides is provided for process description purposes only.

‘This bound document contains a total of 7 sheets.
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Corroesion Considerations:

This vesscl is expected 1o receive demineralized water, nominal 0.25 M NaOH solution, nominal 0.1 M NaOH solution,
standby nitric acid, and recycled spent regeneration eaustic solution from CXP-VSL-00004.

2 General Corrosion !

Hamner {1981) lists & corrasion rate for 304 (and 304L) in NoOH of less than 20 mpy {500 unvy) at 77°F and over 20 mpy sl 122°F. He
shows 316 (and 316L) has » rate of less than 2 mpy up 0 122°F and 50% NaOH. Dillon (2000) and Sedriks (1996) both state that the 300 |
series alloys are acceptable in up 10 50% NoOH at temperstures up to about 122°F or slightly above, Davis (1994) states the cormogion rate

for 304L in pure NaUOll will be jess than about 0.1 mpy up to about 212°F though Sedriks states the data beyond about 122°F are incorvect.

In this system, the normal hydroxide concentrations and temperatures ure such that 304L or o higher alloy stainless steed will be acceptablc,
The addition or presence of 0.5 M HNO; is nut a concern for the given concentrations,

Conclusion: .
At temperatures less than about 140°F, J04L or better is expecied to be sullivicnily resistant to the sclution with a prabable general
corrosion rate of less than | mpy.

b Pitting Corrosion
The nitric acid dacs not contain chloride or fuoride. The NaOH may contzin chloride impurities. The two possible opportunities for pitting
are gither acidifying high chloride waste or leaving the vessel foll of DIW with residual chioride,

Chigride is known 1 cause pitting in acid and neutral solwlivns. Dillon (2000} #s of the opinion that in atkakine solutions, pH>12, chicrides
are bikely to promote pitting only in tight crevices. Dillon and Koch (1995} arc both of the opinion that Aluoride will have little effect in an

alkaline media. If the chloride concentrations are low at the low pll and high at the high pH, then even the tow pH conditions are expected
W bt benign towards 304L. Revie (2000) and Unlig {1948) note nivate inkibits chloride pitting.

Normally the vessel s to operate with a fluid temperature 77°F. At this temperature, based on the work of Zapp (1998) and others, 3041
stainless stee! would be acceptable in the proposed alialine conditions.

The small quantity of halides will not be harmful even iFthe solution is neutralized or modified with HNG,.

If the vessel were filled with process water and left siagnare, there would be 8 tendency w pit. The time to initiste would depend on the
amount of residual chlorides.

Conclusion:
Localized currosion, such as pitting, iv not expected. 1t is expected that 3041 will he satisfactory.

« End Graln Corrosion
End grain corragion only nccurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conelusion:
Not expected in this system.

d Stresy Corrosion Cracking

The exrct amount of chloride roquired to cause smess enrrosion eracking is unknown. In part this is because the amount varies with
terperalure, metal senaitization, and the environment. Dut it is also unknown becanse chloride 1ends to concentrate under heat transfer
conditions, by cvaporation, and electrchemically during a corrosion process. Hence, even a5 little as 2 few ppmcan kad o cracking under
some conditions. Genevally, as seen in Sedriks (1996) and Davis (1987). chloride stress corvosion eracking does ol ususlly oceur below
abuul 140°F. During the normal operstions, tither 3041 or 3161 are cxpectad 1o be saticfactory.

Becouse of the potential for caustic cracking, 3041 and 316L arc gencrally not recommended for use above 140°F. However, based on the
proposed temperatures, vither iy aceeplable,

Conclusion: .
At the normal operating environment, the alloy recommended is 304L stainless.

¢ Crevice Corrosion
See Pitting.

Conclusion:
Sece Pitting
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f Corveslon at Welds
{lorrosion at welds is not considered s problem in the proposed environment.

Conelusion:
Weld corrosion is not considered 2 problem for this system.

# Microblologically Induced Corrosion (MIC)
‘The proposed operating conditions are conducive 10 raicrubial growth if microbes were introduced. The use of DIW as process water
should minimize the possibility of mtruduction of microhes.

Conclusion:
MIC is not considered 2 problem.

h Fatigue/Corrosion Fatigue
Not expected 10 be a concer.

Llonclusions
Nat a concern.

t Vapor Phase Corrosion
The vapor phsse portion of the vesacl is expected to be contacted with particles of wasic from splashing. Wash rings within vesset should
provide sulficient rinsing to minimizz presence of dejosits.

Conclusion.
Not believed 10 be of concern.

J Erostan
Velocities within the vessel are expocted 10 be low. Erosion allowance of 0.004 inch for components with low solids conlent (< 2 wi%) at
low velocities is based on 24590-W IR 1" |-M-U4-0008.

Conclusion.
Not belicved to be of concern.

k Galling of Moving Surfaces
Not applicable.

Conclusivn:
Not upplicable.

1 Frettl Wur
No contacting surfaces expecied.

Concherion:
Not applicable.

m Galvagic Corrosion
No dissimilsr metals are present,

Conclusion:
Not applicable.

o Cavitatlon
Nooc expecled.

Conclusion:
Not believed to be of concem.

o Creep
The temperatures are too low to be & concem.

Conclusion:
Not applicabie.
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p Inadvertent Nitric Acid Addition

Higher chioride cuntents and higher termperatures vsually require higher alloy materinls. Nitmic jons inhibit the pitling and crevice corrosion
of stinkess sloys. Furthermore, nitric acid passivates these alloys; therefore, Tower pH values brought about by increases in the nitric acid
content of process fluid wilk not cause higher corvosion rates far these alloys. The upset condition that was most likely to ncour is lowering
of the pH of the vessel content by inadvertent addition of 0.5 M nitric ugid. Lowering of pH may make a chioride-containing solution mere
likety to cayse pitting of stainless alloys. Increasing the nitric scid vonlent of the process fluid adds more of the pitting-inhibiting nitrate ion
10 the process fluid. In addition, adding the nitric acid solution W the stream will dilute the chloride content of the process fluid.

Conclusion:
The recommended materials will be able to withytund 4 plausible inadvertent addition of 0.5 M nitric acid for a limited period.
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PROCESS CORROSION DATA SHEET

Component(s) (NamaAD) #) Cs IX reagent vessel (CXP-VSLE-00005)
Facillty PTF
In Black Cell? Yos
Chemicals Unit* Contract Max Non-Routine Notes
Lg_aﬂ E_Inch " Lwwch Na Leach
Aluminum o 4
{Chioride gt
uoride o
ron [
Nhirate gl 8.3 1,03E-03
itrite ] 1L32EM 1,57E-04
Phosphate gl 1.37E-04 1.61E04
Suifate @
|Mercury o
[carbonate - ot 256E-04 2.67E04
ndissolved solids wit%e
NaMnO4, Pb,...) ]
hey ol
WA 130 120 Nots 2
Temperaturs *F . Assumption §
List of Organic Species:
References =~~~
Gor: JA%G0-FTT. 3YDCAPD000Y, Ry O
o Baante Document ZIWIC‘—VHTW Rev A
Tingast trgam #: CGXE0A
Stream # (s m i INGA
o3
; ZAS0-PTF-MSVI7T POD12 Raw O
achnical Reports NiA
Notes:

1. Concentrations leas than §x 145/ do not need 1o be mpomad, liot values to two oignificarnt tigits max.
Normally pH it spproximately 3. Thin vassel 210 receves 0. 1M NaOH, 0.250M NeOH, and 0.8 M nitric ocid for chemicn! sdimtmen,

Assumptions:

1. Thormal cperaion is 77 °F, Tmax 113 *F (24590-PTF-MVD-LXPPODIS, Rev )
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435 G- IX Reagent Vessel (CXP-VSL-80005)
The CS-IX reagent vessel (CXP-VSL-00005) provides reagents for the Cs ion exchangs columns.

Routine Opacations

mwmngeuluduzamdmremvedunhmhwd water, norainal 0.25 M NaOH solution,
nominal 0.3 M NaOH solution, and standlry nitric acid fram outoell soarces as fregh roagents. s sddition,
the Cs-IX rengent vesse] receives recycled spant regenerstion caustic solution from the CsIX eangtic
rinse collection vessel (CXP-VSL-00004).

The Cs-IX roagent veesel functions like s breakpot, feeding liquids to the suction of the Cs-IX feed pumps
and preventing backilow of contamineted fhaids to cloan systems, UnHke » true breakpot, however, there
are valves on the bottom draining discharpe lins of the Cs-IX rengent voswe] bocsuse the discharge st
serve two pumps o separate occasions. The Co-IX reagent vesee] also serves as a source for ventilstion
of the Cs IX colmmns, The Cs-IX reagent vessel g a demister (with pres

sure-drop-messirement
incinded in the top portion of this vessel) #2 ensble deminting of any potentially entrained Nquid with the
vented column gasses.

The Ca-IX reagent veasel normally receives the following:
# Demineralined water from outcell taak. DIW-TK-00001 during the pro-shation rinse and post-clution
rime_lequmou '

s  Nominal 025 M NaOH solution from the balance of facilities (BOF) header during the regeneration
soquence

Non-Routine Operatians that Counld Affect Corrosion/Erosion
In abnormal sitnrations, the Cs-IX resgent vessel cam receive the following:
» Nominal 0.1 M NaQH colution as tecycled spent regeneration solntion from the CeIX caustic rinse
collection vessel (CXP-VSL-00004). This solution is nscd in the LAW displacement sequence. The
vessel can also receive fresh nominal 0.1 M N2OH solution for emergency cooling from outcell txnk
SHR-TK-00001.
*  Standby (0.5 M) nitric acid from outoell tank NAR-TK-00007.

This veasel also overflows o PWD-VSL-00033,

CXP.VSL-00005: Sheet:7 of 7
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FEP-VSL-00005 (PTF) IR
Waste Feed Evaporator Condensite Vessel 1SSURD BY R10864180
»  Design Temperature (*F){max/min): 15049 APRWTR PDC

& Design Pressure (psig) (intemnal): 15
¢ Location: out cel} I

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 023 X
(_304L (530403) 1.00 X
316L (S31603) 118 X
6% Mo (NOBI6T/NOBIZE) | 7.64 X
Alioy 22 y 14 X
Ti-2 (R0400) 10.] X

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

Recommended Corrosion Allowance: 0,040 inch (includes 0.024 inch corresion allowance and
S 0.004 inch erosion allowance)

Pracess & Operations Limitations:
¢ Develop rinsing/flushing procedure for acid and water

Please node that source, special nuclear and byproduct materials, as
defined in the Atomic Enesgy Act of 1954 {AEA), are regulsted at the
us. DepmmofEnAuEiy (DOE) m;)ugg exdunvﬂﬂtyby DOE
acting pursuant to its authority. asserts, that pursuant to
the AEA, it has salc and exclusive responsibitity snd authority to EXPIRES; 12/07/ 87 |

regulate source, special nuclear, and byproduct wmterials at DOE- :

owned nuclesr facilities. Information contained herein on

adionuclides is provided for process description purposes only. This bound document contains & total of 6 sheets. |

N I MR
)
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_Corrosion Considerations:

The vessel receives condensate from the primaty condenser

a General Corrosion

In the proposed pH operating range, no information was found for the geneval/oniform cotrosion of stainless steels or other
material. Typically, the austenitic and higher alloy stecls are expected to have corrosion rates of Jess than about 1 mpy.
“This Iack of data i not critical because the alloys needed forthe:ymmlypimﬂyfmibypnmg.meeeommor
cracking. On this basis, a corvosion allowance has littte meaning though 2 nominal value is given.

Conclusion:
Both 3041 and 316L ar¢ expected to have title uniform corroaion under the stated conditions and either would be
acceptable. A nominal corrosion allowance is give even though it has minimal significance.

b Pittiag Corrosion

Chloride is known to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, at
pH greater than approxinately 12, chlorides are likely to promote pitting only in tight crevices. Dillon and Koch (1995) are
of the opinion that fluoride will have little effect. Further, Revie (2000) and Uhlig {1948) note that nitrate inhibits chloride
pitting.

The vessel has aboot 0,001 M nitrate and approximately 24 ppm chloride. Nominally, the temperature will be between 111
and 122 °F which, with 24 ppm chloride, is acceptable for 3161 stainless steel.

Conclusion:
Localized corrosion, such as pitting, is common but can be mitigated by alloys with higher nickel and molybdenum
concentrations. Based on the expected operating conditions the vessel should be 316L stainless steel.

¢ End Grain Corresion
End grain corrosion only occurs in metal with cxposed end grains and i highly oxidizing acid conditions.

Conclusion:
Not applicable to this system.

¢ 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 sensitizatior, and the environment. But it is zlso unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically durmg 4 corrosion process. Hence, even
as little as 10 ppm can lead to cracking under some conditions. Generally, ac seen in Sedriks (1996) and Davis (1987),
siress corrosion cracking docs not usuzlly occur below about 140°F.

Given the environment and the lack of heat transfer into the process stream, caustic cracking is not anticipated to be a
problem.

Conelusion:
Based on the normal operating environment, the minirmem alloy recommended is a 3161 stainless steel.

¢ Crevice Corrosion
See Pitting.

Conclusion:
See Pitting

f Corrosion at Welds
Conrosion 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 on the process side are generally too warm for microbe growth. Further, becanse the
source of the fluid is from the evaporstion of a process fluid, no microbes are expected to be present.

Conclusion:
MIC s not considered a problem.

FEP-VSL-00003: Sheet:2 of 6
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b Fatigue/Corrosion Fatigue
Corvosion fatigue is not anticipated to be a problem.

Conclusions
Not expected to be a concem.

i Vapor Phase Cerrosion
The vapor phase portion of the shell will be: continually washed with condensing vapors.,

Conclusion:
No vapor phase corrosion is enticipated.

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-RFT-M-04-0008. '

Conclusion: :
Not expected to be a concemn.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

1 Fretting/Wear
Not applicable.

Conclusion:
Not applicable.

m Galvanic Corresion
For the environment and the proposed alloys, there is not believed to be a concern.

Conclusion:
Mot expected to be a concem.

n Cavitation
None expected.

Conclusion:
Not expected to be a concern.

o Creep
‘The temperatures are too low to be 2 concemn.

Conclusion:
Not applicable.

p Inadvertent Nitric Acld Addition

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 ritric 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 vessel content by inadvertent addition of 0.5 M nitric
a¢id. Lowering of pH may make & chloride-containing solution more tikely to canse pitting of stainless alloys. Increasing the
nitric acid content of the process fluid adds mote 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 0.5 M nitric acid for a limited

FEP-VSL-00005: Sheet:3 of 6
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24590-WTIP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data
PROCESS CORROSION DATA SHEET

Component{s) (Name/)D #) Waste fead evaporator condensate vessel (FEP-VSL-D0005)
Facility il

In Black Cell? No
Chemicals Unit! Contract Max Non-Routine Notes
Leach o leach Leach Na Leach
luminum " 180802 1.80E02
hioride | gt | 217E® 248602
uoride | SE0EDE £36E-04
ron g 218608 230603
Hrate W 284501 4D1E0
Nitrite 4] ATEQZ 253E07
ate »n AAHE-02 4.99E-02
¢ 180602 108E02
Mercury m
thonate @ TBHE02 842602
ndissolved solids wik
=)] @
NA Nots 3
Termperature v Note 2

otes:

1. Corcentrations leas thin Tx 1079/ do not nood 1 be sported; et vakies b wo significant digrs ma.
Trormal oparaiion 111 *Fio 122 4F R500-HTF-MEC-FERD0001, Rev B)
PH nppeox 1010 11
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24550-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Dats

443 Waste Feed Evaporator Condensate Vessel (FEP-VSL-00005)

Routine Operations

The condensate draining from the primary condenser is monitored for radioactivity. The area radiation
monitor is Incated close to the condenser outlet to allow a timne lag before the comdensate can reach the
condensate vessel (FEP-VSL-00005). This is to minimize the possibility that contaminated condensate
cin be transferred to the sadioactive liquid waste disposal system (RLD). As the condensate vesse! fills,
the waste feed cvaporator condensate pump (FEP-PMP-00006A/B) recizculates condensate continuously
back to the vessel with a portion recycled to the SEP vessel for spraying the demister pads.

Noxn-Routine Operstions that Conld Affect Corrosion/Erosion
None identified.
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HLP-VSL-00022 (PTF)

HLW Feed Receipt Vessel Related Plant Items

»  Design Temperstire (°F) (maxfmin): 21540 HLP-PIM-00056 - HIP-F)M-00057
o Design Pressure (psig) (max/min): 15/4.5 HLP-PIM-00024 — HLP-PIM-00003
= Location: incell

*  PIM Discharge Velocity (fps): 26

Drive Cycle: 33 % (a1 26 fp3)
Contents of this document are Dangerous Waste Permit affecting
- Operating conditions are as stated on sheets 6 and 7

Operating Modes Considered:
«  Normal operating conditions

«  The vesscl will be tleancd using prucess eondensate, 2M NaOH or 2 M HNO, with.residusl chiorides and fluorides at 113 °F, The
condifion of high terrperature wnd acid is nok examined,

ISSUED BY
ARPINTP PDC

Rev,1

L

813

Materials Congidered:
Materisl Relative Acceptable Unaceeptable
{UNS Nou) Coxt Material Material ]
| Carbon Steel 0.23 X

3041 (530403) 00 X

316L {531603) 18 X

5% Mo (NOB367/N0BI26) 7.64 X

Alloy 22 (NOG022) 114 X

Ti2 (R50400) 10.1 X

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

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance;
localized protection is required as discussed in section j)

Process & Operations Limitations:
s Develop rinaing/flushing procedure for acid and water

Please note that source, speciafl noclear and byproduct traterials, as
defined in the Atonsic Energy Actof 1954 (AEA), are reguluted st
the U.S. Department of Energy {DOE) facilitics exclusively by DOE
acting pursuant to #ts AEA authority. DOE asserts, that pursuan? to
the ABA, it bas sole imd exclusive reaponsibility and suthority to
regulate source, special nuciear, snd byprodurt materials at DOE-
owned nuciear facilities. hformation contzined herein on
radionuclides is provided for process description purpases only.

This bound document containg & 10} of 7 sheets,
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Corrosion Considerations:

This vesse! receives Tank Farm waste haviag a temperature or solids content sbove aceeptable levels for the waste feed

receipt vessels (FRP-VSL-OOOOZA/BICID) ‘The vesse] is equipped with a cocling jacket to keep the temperature at ! [39F
or below,

a General Corroslon

Hummner (1981} lists a corrosion rate for 304 (and 304L) in NaOQH of less than 20 mpy (500 pmiy) at 77°F and over 20 mpy at [22°F. He

states 316 (and 316L) has & rete of Less than 2 rpy in 50% NaOH at temperatures up to 122°F, Dillon (2000} and Sedriks {1996) bathstate |
that the 300 series are accepiable in up to 50% NaOH at temnperstures of about 122°F. Davis (1994) states the corrosion rate for 31041 in

pure NaCOH will be less than sbout 1 mpy up to about 212°F thowgh Sedriks states the daw beyond sbout 122°F ars invorreet. Danielson &
Pitman (2000}, based on short term studies, suggest & corrosion rate of about 0.5 mpy for 316L in simulated waste rt boiling, >2(2°F,

Studics have shown tht in kimalated waste at 1409F, 3041, with & corrosion tate < 1 mpy, performed slightly betier than 3161~ possibly |
due to the presenes of nitrate. kn this system, the hydroxide concentrations snd temperatures are such thal 204L stainless steel wilt be
acceptable. 3 the slkaline waste reaches boiling, otter work suggeats that 3041 would be xeceptable, probably due to the preatnee of |
nitrate, Notmally  high nickel alloy such ss Inconet 600 would be required for kot caustic,

Wilding and Paige {1976) have shown that in 5% nitric acid with 1000 ppm fiuoride at 25%0°F, the corrosion rate of 3041, can be kept as low
as 5 mpy by the use of AT, Additionally, Scdriks (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. Therefore, there is a concern about excessive corrosion rates during acid cleanmg unless the
fluoride is well inhibited. Keeping the veasel as cool as pouibl:,'below 100", would reduce the extent of attack by chloride (pitting and
crevice corosion) snd, and with the addition of A, generst corrosion due 1o fiuoride. 3041 will be suitsble if properly protected by

ternperature and fluoride compiexants such Bs AP, The less control of the acid conditions, the more consideration that will have to be
given o more comosion resistant alloys.

Conclusion:

At temperaturcs icss than sbout 140°F, 3041, is expacted 1o be sufficiently resistant to the wasie sofution with s probable general corrasion

rate of Yess than 1 mpy. Even considering acid cleaning, 316L will be acceptable if rinsing proccdure it developed 1o reduce the effecs of |
fiuoride during acid eonditions )

b Pltting Corresien

Chlorids is known to cause pitting of stainless steel and related alloys in acid and neutrsl aolutions. Dillon (2000) is of the opinion that n
slkaline solutions, pH>12, chlorides are likely to pramate pitting oaly in tight crevices, Dillon and Koch (1995} are both of the opinion that
fAuoride will have little effect in an aliculine media. Jenking (2000) has stated that localized corrosion can ocour under the waste deposits on
heut ransfer surfaces, probgbly due to the chlorides. Purtiver, Revie (2000) and Uhlig (1948) note nitrate inhibits ¢htoride pitting.

" Norraily the vesse] is 10 opezate &t 113%F, At the normal temperature, based on the werk of Zapp (1998) md others, 3041 stainless steel

would be acceptable in the proposed atkaline conditions at the upper pH values, The condition of solids and deposits pmcn! during
pasaible acid cleaning means that 3161 i3 the lowesi alloy to be used. Even then, flushing wm be mqulmd

If the vesse| were filled with pmcas water and jeft stagnent, there would be s tendency to pit. The time to initiate would depend on ﬁwc
source of the water, being shorter for filtered river water, which.tends to be dirtier, and longer for DIW. Pitting has been observed in both
cases, and is Tkely beeause residual chiorides are likely 1o remain and to concetitrate.

Conciusion:
- Baged on the expecied operating conditions, 3165, 18 expectad to be sansi‘mnry arthe stated operating temperatere xnd if the pH is newr)
or higher and if the duration and extent of possible low pH offnorma conditions and azid nlmunmg are controlled.
¢ End Grain Corrsion .
End gmin comosion only occurs in metal with expased end grains and in highly oxidizing scld conditdans.

Conciusion:
Not believed tikely in this systern.

i Stress Corrosion Cracking

The cxact amaunt of chioride required to cause saess cerrosion cracking is unknown. In part this is because the amount varies with
temperature, metzl seasiifzation, and the mviroament, but also because chloride tonds o concentrate under heat wansfer conditions, by
evapomtion, and elestrochemically during 4 corrosion process. Hence, even as litthe ax 10 ppmo can lead 10 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 stated |
low operating temperature and alialine conditions, J04L is expeeied 1 be satistactory. However, because of the possibility of acid

cleaning, 316 L will be the minimum acceptable alloy,

Conelusion:

The ménimum alloy recorumended is 2 3160 stainiess steel,
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e Crevice Corrosion
See Pitting,

Conclusion:
See Pitting

f Corrosion st Welds
Corrosion at weids is pot considered a problem in the proposed environment.

Conclusion:
Weld corrosion ia not considered 2 problem for this system.

¢ Microbiologically Induced Corrosion (MLC)
The proposed operating conditions &re not condysive to microbial growth — the temperature is approximately correst but the pH is generally
100 alkatine, The use of yutreated process water may be & concern. The use of DIW is recommended.

Conclusion:
MIC is nat considered a problem,

u Fatigue/Carrasion Fatigue
Carrosion fatigue is & not expected to be 1 problem.

Conclusions
Typicatly not a problem.

i Vagor Piase Corroslon

The vapor phase portion of the vease! is cxpected 1o be conwcied with particles of waste from splashing. It is unknown whether the vessel,

end particularty the iid, wilt be sufficiently washed or whether residual acids or solids will be present. In the formey case, 3041 would be
satisfactory. If solids or acids and solids ate present, a 3151 or better is preferrsd,

Conclusion:
1161 is recommended.

j Eresion .

Based on past experiments by Smith & Eimore {1992), the sclids are soft und exosion is aot sxpectcd 10 be & concern for the vessel wall.
Based on 24550-WTP-RPT-M-04-0008, 1 general erasion allowance of 0,016 inch is sdequate for components with maximam solids
comeEnt up to 27.3 Wit Additionat 3161 sainless steed should be provided a5 localized protection for the applicable portions of the botlom
head to accommodate PIM discharge velocities of up to 8 mis with solids concentrations of 26.46 wi% for o usage of 100 % operation as
docurmented in 24590-WTP-MOE-50-00003. HLP-VSL-00022 requires at least £.398-inch additionsl protection. The 26.46 w4 is

considered 10 be conservative und is based on the WTF Pritee Contract roaximmum. During nortnal operation, the solids content of HLP.
VSL-D0022 is expected to be well below the anticipated maximum

The wear of the PIM nezzles can cotur frora flow for both the discharge and refload cysies of operation. At least 0.357-imch of additional
3161, stainiess steel should be provided on the inner surface of the PIM nozzle to accommodate wesr due to PIM discharge and suction
velocities with solids concentrations of 26,46 wi% for usage of 100 % operation as documented in 24590-WTP-MOE-50-00003,

Conclusion:

The reconmmended corrosion allowance provides sufficient protection for ercsion of the vessel wall. Additional Jocalized protection for the
battom head witl accommodate PIM dischurgs velocities and fiar the PRV nozzles will accotomodats PIM discharge and reflood velacitics.

k Galling of Moviag Surfaess

No moving surfaces within the vessel.
Concluzion:

Not spplicahle.

1 Fretiing/ Wear
No contacung surfaces expected,

Conciusion:
Non applicable.

m Galvaaic Corrosion

‘No disstrilzr metals are present.

Conciusion:
Kot applicable.
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o Cevitation
Nome expected.

Cuaclusion:
Not believed to be of concemn.

o Crezp
The temperatures re oo Jow to be 3 concem.

Conclusion:
Not applicsble.

p Inudvertent Nitrie Acid Addition

Higher chlorids contents and higher temperatures usually requite higher alloy materials. Nitraie tons inhibit the pitting and crevice corrasion
of stainicss 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 caise higher corrosion rates for these alloys. The upset condition that was most likely w0 occur is lowering
of the pH of the vessel comtent by inndvertent addition of 0.5 M nitric ucid. Lowering of pH may make a chloride-contsiting solution more
tikely to cause pitting of mainless alloys. Increasing the nitric acid conlent of the process fluid adds more of the pitting-inhibiting nitrate ion
to the process fluid. In addition, adding the nitric acid solution 1o the stream will dilute the chloride content of the process fluid,

Conclusion;
The recommmended materials will be able to withutand & plausible inadvertent addition of 0.5 M nitric acid for a limited period.
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WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET
Component{s) HamoAd #) HLW fesd receipt vesssl (H| PVSL-00022)

Facility PTF
in Biack Culi? Yer
Chermicals Unit' Gontract Max Nor-Rautine Notes
Lesch No lagch _Leach No Lesch
Juminum 2.RTE+01 3,016+
&gﬂﬁo @ 7BE01 ¥ B4E.D1
voride . ZAZEDY 212601
g 5.F2E401 5.79€+01
9 714E401 744401
" 80500 B.09E 00
gl 3516400 8.51E+00
o 2426400 2.126+00
gh 1,97EA1 1,875-0
P SHBE DY 9088401
7T Y YT
Wi%
o
A Note 3
T Note 2
List of Organic Spacies:
Refsrences

RORGHT 2ASB P17 -3V LoHLP D000 . R 1

L2 3 2 4CV AT
) H x
O Normal inmut Stream # (n.g . ovirifiow from

ey A

r vesimts ) N'A

RO M 500 PE-ME.Y [T 1-POL07, Fev 6
sthries] Repoits

INotes:

3. pH spprparmaely 13 to 34

JASSUmMptions:

1. Goncentranong iese than 1 10 9/ du ot nead 15 he renortan; it values to two SgniRcacs Sgis fot.
2. T pperion mode 11 113 °F o 180°F, T operaon ooe 2: 88 *F 1 8 *F {20590-MVEHLP.D0001 , R )
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4.6,2 HLW Feed Receipt Vessel (HLP-VSL-00022)
Routine Operations

High-leve] waste feed from the Tank Farmos is received into the HLW feed receipt vessel (HLP-VSL-
00022). Tank Farm waste that has & termperature or salids content above the criteria for vesseis
FRP-VSL-00002A/B/C/D, which receive LAW waste from tank farms, can be sent 1o vessel
HLP-VSL-00022. Once receipt is complete, sampling for confirmation of waste acceptance will
begin. Sampling for criticality is required for HLW feed receipt. The HLW feed is sampled for
waste concentration. The waste concentrations must be below the acceptable criticality imits. The
vessels are equipped with cooling juckets to maintain the temperature at or below 113 °F. During this
staging period, PIMs will operate to provide sufficient mixing within the vessels, and the
rectrculation pupp will run to maintain a flooded suction line. When required, HLW feed will be
wansferred for processing. HLW feed may be fed to one of three systems for processing: 1) the waste
feed evaporation process system (FEP), 2) the ultrafiltration process system (UFP), or 3) the waste
feed seccipt process system (FRP), for evaporation, filtration, or blending, respectively, This will be

determined by the cuorent plant status and will be evaluated on a case-by-case basis during plant
operations, '

Non-Routine Operations that Could Affect Corrosion/Eresion
This vessel overflows to PWD-VSL-00033,

There is also the option to retumn HLW feed from the HLW feed receipt vessel back to the Tank
Farms via the waste feed return pump, FRP-PMP-00001, in systerm FRP. This is the case when the

HLW feed does not meet the requirements of the specification for HLW feed. However, thisis
considered an infrequent event.
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Vessel Vent Caustic Scrubber ISSUED By

s Design Temperature (*F)(max/min): 150/-20 . RPP-WTP POG
»  Design Pressure (psig) (max/min); (5.5
*  [ocation: incell

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets 5 and 6

Equiprrent will ot be maintained.

_Options Considered:

*  Normal operating conditions
¢ Derineralized water or xci¢ wash

Materials Considered:
Materini Relative Acceptable Material Unaccepiable
([UNE No.} Cont Materisl
Carbon Steel 023 X
304L, (530403) 1.00 X
316L {811603) t.18 X (eolumn)
5% Mo (NUB3ST) 7.64 b
Alloy 22 (ND60D22Y 1.4 X
Ti-2 {R50400) 10.1 X

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

(0.049 inch corrosior allowance includes 0.024 inch corrosion
alloveance and 0.004 inch erosion allowance)
Column packing: UNS N08367 (0.0 inch corrosion allowance)

Demister packing: UNS N08367 (0.0 inch corrosion aliowance)

Process & Operations Limitations:
+  Develop rinsing/flushing procedure for acid and water

Please note that source, special nuclear and byproduct materials, as
defined in the Atornjc Energy Act of 1954 (ABAY, are regulated at
the .8, Devertment of Energy (DOE) fagilities extlusively by DOE
actng pursuant to its ABA authority. DOE asserts, that pursusnt to
the AE4, it has sale and exclusive respansibility ang authority to
regutate source, special nuclear, and byproduct materials 2t DOE-
owned nuclear facilities, Information contaimed hersin on
redionuctides is provided for process description purposes only.

EXPIRES: 12007/

This bound documen: contains a wai of 6 shuets.
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Corrosion Considerations:

The scrubber treats the vent off-gas stream collected fram the process vassels in the Pretreatment facility. Pant of the
NOy/azid gases present in the stream reacts with the caustic in the serubber to form sodium nityate. Fresh 5M caustic
solution is added to controf the pH of the recirculating scrubbing liquid. 1t is expected that dilute nitric acid will probably be

used to dissolve solids build-up in the column.
a General Carrosion

Hanmer (1981) lists a corrosion rate for 304 (and 3041} in NaOH of iess than 20 mpy (500 enfy) at 77°F and over 20 mpy at 122°F, He
shows 316-¢and 316L) has 2 rate of tess than 2 mpy up to 122°F and 50% NaOH. Dillon (2000) and Sedriks (1996) both state that the 300
series stainless steels are acceptabie in up to 50% NaOH 2t tyoperutures up to about 122°F or slightly sbove. Davis (1994) states the
corrosion rate for 304L in pure NeOH will be less than zbout 0.1 mpy up to sbout 212°F though S=driks states the dats bayond ghout 122°F
are incorrect. In this system, the normal hydroxide concentrations and temyperatures are such that 304L stainless steel will be acceptable,

Dilue acid is nol expectsd 10 be 2 concern even in diasolving deposits.

The comosion Tates of the 6% Mo slloys is expectsd 10 be the same of [ess thar that of the 300 serious stainicss stecs.

Conclusion:

Al the stated temporatures, 3041, 316L or a 6% Ma are expected 1o de sulficiently resistant to the waste solution with a probable general
corrosion rate of Jess than } mpy snd during norenal opergtion < 0.1 mpy.

b Pitting Corroslon

Cliloride is known to cause pitting in acid and neutral solutions. Under the stated conditions, 316 stzinless stec] or betier will be required.
I the system is alweys operating. 3161 will be satisfaciory. However if extended periods of stagnation are likely, 8 more resistant alloy

will be needed, 6% Mo alloys are more resistant fo pitting fan 3161
Condlusior:
316L is recommended for he main vessel. 6% Mo is alsp gcceptable.

¢ End Grain Corrosion

End grain sorrosion only occurs in yetw] with exposcd #6d grains and in highly oxidizing acid conditions.
Concipsion.

Nat applicable.

d Stress Corrssion Cracking

The txatt umount of chioride reguined 10 cause 3iress comosion ttatking is unimown, In past this is beesuse the amomt varies with
terrperaturs, metal sengitization, and the envirenment. !t is also unknown because chloride tends to concentrats under heat transfer
conditions, by tvaporation, and electochemically during o comosion process. Hence, sven as little as 10 ppm can lead to eoscking under
som conditions, Generally, as seen in Sedriks (1996) sut Davis (1987), chloride stress comosion cracking does not useally ocour below

about 104°F and 3041 is expeciced © be satisfaciory, Becanse of the posinility of ehonde concentration, 3161 would be the mimimum
choice.

Conclusion:

At the nonmal optrating environment, the minitmm alloy recommended for norma] operation is & 31601 swinless although 6% Mo is
acceptable.

e Creviee Corrosion

Creviee eaTasion accuts at lower temperatuses than does piting. The presence of packing in contact with itself snd the wall of the vessel
can lead to crevice attzck. The demister pad is a7 risk where strands contact one another. ALGXN is mors registant than 3360

Conclesion: )
316L i3 sarisfactory for vessel if crevices are Minimized, Paciing should bt ALyD, ot 3161 arbetter, Demister pads should be 6% M.

F Corrosion ut Welds
Corrosion at welds 15 not considersd a problem in the proposes environment,

Conclusian:
Weld corrosion is not eomaidered 2 problem for this svatem under notosl operating condivions.

¢ Microbiologicatly Induced Carrosion (MI1C)
The proposed opemting conditions are genenilly not ideat for MIC.

Conclusion:
. MIC s not congidercd a problerm,
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tr Fatipue/Corrosion Fatigue
Currosion fatigue does not apper 10 be 2 coocen.

Conclusions
Not 2 expected (o be o concem.

i Vapar Phase Carresion

Vapor phege cornosion will be a function of the degree of agitation, solution chemistry, and temperature. Nonetheless, it is not desmed a
problem in this vessel,

Conclusion:

Mot likety to be a concern,

j Eroslon
Velocities ere expected to be low. Erasion allowenee of 0.004 inch for components with low solids content (< 2 wit) at low velocides is
hased on 24590 WTP-RPT-M-04-D008, ) o

Conelusion:
Not expected 1o be a concem.

k Galltng of Moviop Sarfaees
‘Not applicable.

Conchusion:
Not applicable.

1 Fretting/Wear
No conmeting surfaces expected.

Conclusion:
Not applicable.

m Guivanic Corrosion
No significantly dissimiiat metals are present.

Conclusion.
Not expeered o be a concermn.

n Cavitation
Nonc cxpecled.

Conclusion:
Not believed o be of concern,

o Creep
‘The lemperanies are ka low @ be a concer,

Contlusipn:
Not 2ppiicable.

p Insdvertent Nitric Ackd Addition

Higher chioride contents end higher temperziures usuzlly require higher alloy materiats. Nitraic ions inhibit the pitdng and erevice cormosion
of steinless alloys. Furthermore, nitric acid passiveiss these alioys; therefors, jower pH values braught shout by inererses in the nitric acid
comtent of progess finid will not cuuse hightt comrosion rates for these afloys. The upset condition that wes most likely to ocour is lowering
of the pH of the vessel conteat by tadvertent addition of 0.5 M nitric acid. Lowermg of pH may rake 5 chiotide-comsining solasion meore
likedy to sause pitting of stainiess alioys. Increasing the nitric acid comtent of the process flvid adds taore of thie pitting-mbibiting nitrawe ion
1o the process fluid, In addivion, adding the nitic seid solution 1o the stream will dilute the chioride content of the process fiuid,

Conclusion:
The recommended materials will be able to withstand a plagsible madvertent addition of 0.5 M nitric acid.
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PROCESS CORROSION DATA SHEET
Componunt{s) (Nam«JiD &) Vessel vent caustic serubber (PYR.SCE-00002)

Fachivy . FIF
in Bizck Cell? Yes
Chemicals Unit' Contract Max Non-Routine Notas
Laath Noloash - Loagh Nu Losch
g | 423cm 319607
wn 1 173Em 200502
gn 1 asiEg2 2.M4E.02
g 217503 348503
L) 1 A7E01 4,661
ot 4 S0E07 5.0BE-02
L] B.EIEBD2 7.B1E-02
gl 2402 40802
i
il
wihe
it
g
(1Y Mot 3
* Not 2

zSﬁ
fﬁgﬁw Jussthar +x 10" gt da rok need to be nogoried: fist vekuas 10 bno siyridcent dghs max.
T operatien 245800 TFMVE P00 2, Rev A

3. pH sporcoi medely 7

Ay sum ptions:
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433  Vessel Vent Canstic Serabber (PVP-SCR-00002)
Routine Oparations

The vease] vent caustic sorubber trests the vent affigas siream coliected from the procars vessels in fhe PT
facility, primarily shsorbe fhe WO,/acid guses s remeves larps pacticulstss from the guses. The vexsel
vent canstic strubbes ehso removes zadioaotive aczosals md reduces tadioactive partiogists Ioading an the
vessal vent HEMEg located downstream of the castic scrubber. The vent offpases flow upwards in the
scubber through v paciad bed filled with Ruackig ings or similar packing, and contut with slkaline
sormbbing liquid fowing dowmward in the paoked bed. Chilllod witer is civculated in s coaling jacket that
surrounds the lower “sutp™ portion df the vexsel to remove boat genemted from the reastions of NO, and

oiher gares with the ceustic proscut i1 the senibivng Haquid. The outist pases from the scrubber flow 1o
the vessel vent EEMEs.

Part of the NO/acid gases in the vent gas stream reacts with the caustic m the scrobbing Yigquid to form
sodivmn mitrste, The: scrubbing liguicl solution is collectzd i the sump postion of the vessel beiow the
pecked bed section of the scrubber. Resiroulating pumps recireulaty scrubling liquid sohution to the top
of the packed bed section of the scrubber sud part of the sehetion direstly t© the sumyp pertion o provide

, adequate miting. Fresh 5 M canetic solntion supplied by the metaring pump fitn the sodivem hydroxide

reagent system is added 1o the scrubber sunp vessel to control the pH of the meirculating sabbing
i

Now-Routtar Operations that Cenld Affect Corroslon/Eresion
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PVP-VSL-00001 (PTF)

BEME Drain Collection Vessel

T ssmer
temal H

: lpu?m incelt RPPWIP PDO

Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheet
Options Considered:

®  Vessel receives wash draing from PVP HEMEs
s Wash s acidic

Materials Considered:

Material Relative Acteprable Unncceptable
(UNS No.) Cost Materlsl Msterial

Carbon Steel 023 N X

3041 (530403 1.00 X

315L (S31603) 118 X

6% Mo (NOB367/NOBY26) 7.64 X

Alloy 22 (N0G022) 114 X

T2 (R50400) 19.1 ‘ X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
¢ Develop rinsing/flushing procedure for acid and water

Flease note that source, specizl nuclear and byproduct materials, as
defined m 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 suthority to
regulate source, speciad nuciear, and byproduct matenals st DOE-
owned nuclear facilities. Information conteined herein on

radionnclides is provided for process description purposcs only. “This bound document contains a total of 6 sheets,
)
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Corrosion Considerations:
This vesse] will be used to store HEME drain before transfer to the PWD system.

8 Geperal Corrosion
In this system, the normmal pH conditions and temperatures are such that 3041 stainless steel would be acceptable under the low chlonde
conditions.

It is anticipated that the contents of this vessel are genenally alkaline; bowever, the possibility of acidic conditions due to acidic wash of the |
HEME elements exists, Hamner (1981) lists both 304L and 316L corrosion rates as <2 mpy st terperatures up to 150°F. Based on

esumates from Cole (1974), corosion mtes for 304L for all of the concentrations <4 M and at temperatures to boiling are expected to be

less that 1 mpy. In about 6 M acid at 145°F, the comosion rate is approximately 2 mpy.

Concluzion.
304L and 316L are expected to be sufficiently resistant with a probable general corrosion rate of Jess than | mpy under norrnal operating
conditions.

b Pittlng Cerroston
Pitbng should not be a concem for 3041, or 3161t the stated low-chlonde coniditvons and stated temperature.

Conclusion
Under normal conditions, 304L 18 cxpected 1o be satisfactory.

¢ End Grain Corrosion
End grain corrosion only occurs in metal with exposed end gramns and in nghly oxidizmg acid conditions.

Conclusion: )
Not applicoble to this system.

@ 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 clectrochemically during a comosion process. Hence, even us little as 2 few ppmican Jesd to cracking under
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), chlonde stress corrosion cracking does not usually occur below
about 140°F. During the normel operations, either 3041 or 316L are expected to be satisfaciory,

)

Conclusion:
At the normal, stated, operating environment, 3041 is recommended.

¢ Crevice Corroslon
Sec Prtting.
Conclusion:

See Pittmg

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

Conclusion:
Weld corrosion is not congidered 3 problem for this system.

g Microblelogically Induced Corresion (MIC)

The pmposed operating termperatures sre acceplabile for microbial growth but there appears 1o be little chance of the introduction of
mrucrobes,

Conclusion:
MIC 15 not expested 1o be 2 problem.

» Fatigue/Corrosion Fatigue
Corrasion fatigue 1s not expected to be a problem in this vessel,

Conclusions
Not considered to be a problem.

PVP-VSL-0000!: Sheet:2 of &
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iVap.r Phase Corrusion
Not considered to be nmmmﬂnwessel

Concluvion.
Not s concem.

{ Erosion
Velocities within the vesse] are expected 1o be Jow. Eroaion allowance of 0.004 inch for corsponenty with low sotids content {< 2 wid)at
Jow velocities is based on 24590-WTP-RPT-M-04-0008.

Conclusion:
Not expected to be a concem.

k Galllog of Meving Surfaces
Not applicable,

Conclusion:
Not applicuble.

| Fretting/Wear
No contacting surfaces expected,

Concluston:
Not applicabie.

 Galvanic Corroslon
No dissimilar metals are present.

Conelusion:
Not apphcable.

u Cavitation
Cavitstion is usually encountered in high velocity fluids and not normally expected in vaseis.

Conclusion:
Not applicable.

o Creep
The temperatures are oo low to be 2 concern.

Conclusionm:
Not applicable.

p Inadvertent Nitric Ackd Addition

Higher chloride contents and higher temperatures usually require higher alloy materials, Nitrate ions mhibit the pmmgand crevice cormrosion
of stainless alloys. Furthermore, nitric scid pmi\ma these alioys; therefore, lower pH values brought about by tncreases in the nitric acid
content of proceas fluid will not cause higher corrosion rates for these alloys. The upset condition that was most likely to oteur is lowering
of the pH of the vessel content by madvertent addition of 0.5 M nitric acid. Lowering of pH may make a chloride-containing solution more
fikely to cnuse pitting of stainless altoys, Increasing the miric acid content of the process fiuid sdds more of the pitting-inbibitng nitate 10n
10 the process fluid. In addition, addéng the nitric acid sofution to the stream will dilute the chlonde content of the process fhud.

Conclusion:
The recommended materials will be able to withstand a plavsible madvertent addivon of 0.5 M nitnic acid,

PVP-VSL-00001: Sheet:3 of 6
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PROCESS CORROSION DATA SHEET
Component{s) (Name/ID #)  PVP HEME (PVP-HEME-OD001 A/B/C); PVP HEME drains (FVP-VSL-00001)

Faclitty pIF
In Black Cali? yos PVPVEL-D0001 oni}
Chemicals Unit' Contract Max Non-Routine Notes
Leach_ Nolesch Laach No Leach
Aluminum gt | SosE0d 5 00E-03
hloride o 2 06E08 238603
uvoride g 2 40603 2'79E-03
3 T9E-04 4 13E.04
Hrale N B 0BE-072 912602
itrile i 242602 | 279ELZ
o 791E B 9EE-03
ulfite | _of 42508 4 67E03
Mercury N
rbonats ATEDY 5602
Undissolved solids | wi%
o R o
| 4]
NA Note 3
E:_n_memu@ 4 : Note 2

Il.lsl of Organic Species:

Tectmucal Reports NA.

otes:

. Corcantabons loss then Tx 10794 do not ieed to be sepertad, et valuss 1o two sgniicant cigls max
T nommal operibion 50 °F 10 113 *F, nomansl 77 *F (24550 PTF-UVG-PVP.00010, Rev 0)

pH approameisly 104 13

IAssumptions:
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rﬁqﬁacﬁgggggo&ﬁlﬁﬁ
| (PVP-VEL-0000T)

Routias Operstions

?%gﬁaggégg?ﬂ&%gﬁaﬁg
ayist efiminators (REMES) foc removal of mist. There will be three HEMEs. ‘Two of these HEMEs are in
scrvice and one is available a3 an offiine standbdy,

HEMEs e cormmonly used 10 remove fins acrosols and can exkibit high efficicocics even for submicron
scroscls. They are passive devices with Jow meintenance requirements and high relisbility. ‘The HEMEs
will protect the high-cfficiency particulate air (HEPA) filters, located downstresm of the HEMEs, in the
PVV system from excessive Joading and activity buildup,

Each HEME is a vertical cylindrical vesse] in which the fiker cartridge elements ave saranged ioa st of

scgrmental vertical filter condles, which are spported at the top inside the vessel. There will be four filter
cartridge clements installed for each candle. The vent stream will flow from the outside face of the filler -
cartridgs clements to the inside. There will be » contimous atemizing spray of demineralized wader sk the
inlet nozzle for each HEME o cnstre the inlet gas siresm is ssturated. This will also help in drainingof
the sohid particulates from the filter surface. An sdditional arrangement for intermittent washing of the
filter lements will also be provided intide the HEME vemc], which will genenlly be used during the

offline mode.

. Various fibers and other construction materials for the HEME clement can be selacted for their resistance

to gas constitnents, It is 1ccly that 2 fiberglass cartridge element will be used for Gis applieation. Due to
some yacertainties in scicotion of the: best avaibible cartridge material, possible degradation over time,

.+ and thelong @ﬁ:ﬁmﬁﬁngﬁ.gﬁg%mﬂﬁﬂﬁ%gﬁ

HEMEs is provided.

The drain from each HEME will flow into the HEME deain collsction vessel, PVP-VSL-00001, vis the
dip ecal. The drain collection vessel will be used to store HEME drains before their tranafer
spproximately twice & week, or on bigh level, to the PWD system. The HEME drain trsnsfer pumps,
PVE-PMP-00002A/B {one wixking md ooe standby), will be utilized foc the recireulstion and tranafer of
fhe HEME drsin efffucut to PWD vessel, PWD-VSL-00044,
Non-Routiae Operations (hat Conld Affact Corrosion/Erusion

Nonoe identified.
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Plant Wash Vessel APRNTP BD0 Offspring items
o Design Temperatwre (CFXmax/min): 237/40 PWD-VSL-00121 - PWD-VSL00125 i
+  Design Pressure (psig) (rawimin): 153 : PWD-PIM-0002) ~ PWD-PIM-00028,
s Location: incell PWD-RFD-00121 — PWD-RFD-0012S
e PIM Discharge Velocity (fPﬁ) 40
o DriveCycle: 17% (st 40 fps)

Contents of this docament are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Operating Modes Considered:

e Norma! operating conditions

Materials Considered:

Material Relative Acceptable Unaceeptable
_(tINS No.) Cost Material Materin)

Carbon Steel 023 X
J0AL (S30403) L X
316L!§31603! 1.18 X
6% Mo (NOB3&7/NOBSZ6) 754 X
Alloy 22 (N0G022) 114 X
Ti-2 (RSO400) 101 X

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

Recommended Corrosion Allowance: 6.040 inch (ipcindes 0.024 inch corrosion
allowance smd 0,016 inch general erosion allowance; additionat
localized protection required and discussed in section j)

Process & Operations Limitations:
s Develop rinsing/tlushing procedure for acid and water.

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 pursoant to its AEA authority. DOE asserts, that pursuant to TR .

the AEA, it has sole and exclusive responsibility and authority 1o EXPIRES J2N/0T |
regulate source, specis] nuclesr, and byproduct nuterials at DOE-

owned nuclear facilities. Information contained herein on

mhm\tdﬂuprwudedf@rmducnpﬁmp\mmly This bound document contains a total of 7sheets. |
I
1 ;/g/oL Issued for Permitting Use ﬂ ! 2 A{-” K W <
0 2/19/04 Issued for Permitting Use DLA JRD APR
REV | DATE REASON FOR REVISION PREPARER CHECKER APPROVER
Sheet: 1of7
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Corrosion Considerations:

PWD-VSL-00044 routinely receives recycle materials from the PYP, PIV, RLD and PWD systems es well as lahoratory
wastes. During non-routine operation, the vesscl can receive plant wash solution through the PWD breakpots. Vessel is
equipped with wash rings. 19 M sodium hydroxide reagent header is available to adjust excess acidic effluent to pH > 12.

2 General Corruosion
The normal opersting termperature is between 59 and 111 °F. Periodically, steam can heat incoming streams to 212 °F (with |
a design temperature of 237 °F). The high temperature is anticipated to be localized and of short duration.

In this vessel, the temperatures normally will be sufficiently low that uniform cotrosion will not be a concem.

Hammer {1981} lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 pm/y) at 77°F and over 20 mpy

at 122°F. He shows 316 (and 316L) bas 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 alloys are accepiable in up to 50% NaCH =t temperatures up to about 122°F or slightly
above. Divine's work (1986) with simulated-radwaste evaporators, six months at 140°F, showed 304L was slightly more
resistant to corroesion (<0.2 mpy) than was 316L (<0.6 mpy); Ni 200, pure nickel, was much less resistant (=7 mpy) probably
due to the complexants. Zapp (1998) notes that the Savannah River evaporator vessels, operating at about 266°F, are made

of 304L and no failures arc known: to have occurred, Failures have oceurred in the 304L heat transfer surfaces, Gray's

review of the Savannah River evaporators {1994), confirms that all failures experienced since the system start-up in 1960 ]
have been from failed tube bundles, not the evaporator vessels. Ohl & Carlos (1994), in their review of the 242-A

Evaporator, found in waste similar 1o that expected in LAW, the corrosion of 304L after about two years of operation at |
140°F was legs than the accepted variabilily of the plate. Because of uncertaintics in the starting thickness of the metal, a
review of the raw data was inconclusive.

Davis (1994) states the corrosion rate for 304L in pure NaOH will be less than about 0.11 rapy up to about 2E2°F though
Sedriks (1996) states the data beyond about 122°F are low due to oxidizing agents. Danielson & Pitman (2000), based on
short term studies, suggest a comrosion rate of sboat 0.5 mpy for 3161 in simulated wastc at boiling, >212°F.

Conclusion:

At the stated operating conditions and in zn alkaline environment, both 304L and 316L have very fow corrosioo vates and
either is acceptable. However, 316L is considered somewhat better suited to the possibie cleaning conditions and is
recommended.

b Pitting Corrosion

Chioride is known to cause pitting in acid and peutral solutions. Dillon (2000) is of the opinion that in alkaline solutions,

pH>12, chlorides are likely to promote pisting only in tight crevices. Ditlon and Koch (1995) are of the opinion that flucride
wilt have little effect. Further, Revic (2000} and Uhlig (1948) note that nitrates inhibit chloride pitting. Wilding and Paige

(1976) note that nitric acid inhibits chioride attack though their data are at higher temperatures and concentrations.

Conclusion:
Under normual conditions, 316L is expected to be satisfactory.

¢ End Graln Corrosion
End grain corrosion only cccurs in metal with exposed end grains 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 corrogion cracking is unknown. In part this is because the amount

varics with temperature, metal sensitization, and the environment. But it is also unknown because chicride tends to
concentrate under heat transfer conditions, by evaporation, and electrochemically during 2 comrosion process. Henee, even

as little as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),

stress corrosion eracking does not usually occur below about 140°F, If the concentrations are as stated, stress corrosion
cracking will be minimized, Although caustic cracking is possible above 140°F, it is not expected under these conditions |
due to the presence of oxidizing species such as nitrate.

Conclusion:
Because of the normal operating environment, 3161 stainless stetl is expected to be acceptable. |
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¢ Crevice Corrosion
The pitting discussion covers this-area

Conclusion:
See Pitting

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

Canclusion: ‘
Weld corrosion is not considered a problent for this system.

g Microbiologically Induced Corrosion (MIC)
The proposed operating temperatures are suitable for microbial growth but, additionally, the location of the systém in the
process suggests little chance of the introduction of microbes.

Conclusion:
MIC is not cxpected to be & problem.

h Fatigue/Corrosion Fatigue
At the operating pH, corrosion fatigue is not expected to be a problem in a proper designed vessel,

Conclusions
Nat considered to be a problem.

i Vapor Phase Corrosion
The vapor phase portion of the vessel will be spattered with solution end pitting or erevice cortosion may be a concern. The
presence of wash tings within the vessels will allow this area o be rinsed.

Conclusion:
Not a concern.

Erosion
]Based on past experiments by Smith & Elmore (1992], the solids are soft and erosion is not expeeted to be s concem for the
vessel wall, Based on 24590-WTP-RPT-M-04-0008, a general erosion allowsnce of 0.016 inch is adequate for components
with maximnm solids content up to 27.3 wi% at velocities less than 4 my's. Additional 3161 stainless steel should be
provided as localized protection for the applicable portions of the bottom head to accommodate PJM discharge velacities of
up to 12 mv/s with solids concentrations of 13.5 wt% for a usage of 43 % operntion as documented in 24590-WTP-MOC-50-
00004, PWD-VSL-00044 requires at feast 0,067-inch additional protection. The 13.5 wi% is considered to be conservative
and is based on the WTP Prime Contract maximum, The fraction of the time that the solids concentration is expected to be
ot maximum is 10 %. During normal operation, the solids content of PWD-VSL-00044 is expected to be well below the
anticipated maximum.

The wear of the PIM nozzles can ocour from flow for both the discharge and reflood cycles of operation. At least 0.046-
inch of additional 316K staintess steel should be provided on the inner surfuce of the PIM nozzle to accommodate wear due
to PIM discharge and suction velocities with solids concentrations of 13.5 wt% for usage of 43 % operation as documented
in 24590-WTP-MOC-50-00004.

Conclusion:

The recommended corrosion allowance provides sufficient protection for trosion of the vessel wall. Additional localized
protection for the bottom head will acconmmodsate PIM discharge velocities and for the PJM nozzles will accommodate PIM
discharge and reflood velocities.

k Galling of Moving Surfaces
Not applicable.

Conduxian:
Not applicable.
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I Fretting/Wear

- Fretting/wear is not anticipated due to the lack of moving parts.

Conclusion:
Not a concem.

m Galvanic Corrosion
In the proposed environment and with the lack of dissimilar alloys, there are no potential differences. Therefore, no
galvanic corrosion is expected.

Conclusion:
Not a2 concem.

u Cavitation ' -
None expected.

Conclusion:
Not believed to be of concern.

o Creep .
The temperatures are too Jow to be a concem.

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition

Higher chioride 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 broaght
about by increases in the nitric acid content of process fluid will not cause higher cotrosion rates for these alloys. The upset
condition that was most likely to oceur is lowering of the pH of the vessel content by inadvertent addition of 0.5 M nitric
acid. Lowering of pH may make a chlaride-containing solution more likely to cause pitting of stainless alloys. Incrensing the
nitric acid content of the process fluid adds more of the pitting-inhibiting mitrate 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 0.5 M nitric acid for a limited
period. '

PWD-VSL-00044: Sheet:4 of 7




14

245%0-PTF-N1D-PWD-P0O001
Rev.1
PLANT ITEM MATERIAL SELECTION DATA SHEET '

References:

24590-WTP-MOC-50-00004, Rev. DWear Allowance for WIP Waste Slurry Systems "

24590-WTP-RPT-M-04-0008, Rev. 2, Evaluadon Of Stainless Stee! Wear Ratex In WIP Waste Streams At Low Vdodtm

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

CCN 130172, Divine, JR, 1986, Leticr to A.J, Diliberto, Reports of Experimentation, Battelle, Pacific Northwest Laboratcries,

Richland, WA 99352

CCN 130173, Dillon, TP (Nickel Deveiopment institute), Personal Commmmication to ) R Divine (ChemMet, Ltd., PC), 3 Feb 2000.

Danicison, MJ & SG Pitman, 2000, Corrosion Tests of 3161 and Hostelloy C-22 in Simulated Tank Waste Solutions, PNWD-3015

{BNFL-RPT-019, Rev 0), Pacific Northwest Laboratory, Richland WA,

7.  Davis, JR (Ed), 1987, Corrozion, Fol 13, In "Metais Handbook”, ASM International, Metals Park, OH 44073

8. Davis, JR (Ed), 1994, Stainless Steels, iIn ASM Metals Handbook, ASM International, Metals Park, OH 44073

9. Gy, PL, (1994), Summary of Evaporator Failures in F & H Tank Farms (1), WSRC-TR-94-0571, Westinghouse Savannah River
Company, Aiken, SC 29802

10. Hanmer, NE, 1981, Corrosion Data Surwy, Mctals Section, 5th Ed, NACE International, Houston, TX

1). Koch, GH, 1995, Localized Corrosion in Halides Other Than Chlorides, MTI Pub No. 41, Materials Technology Institute of the

~ Chemical Process Industries, Inc, St Louis, MO 63141

12. Ohl, PC & WC Carlos, 1994, Hanford Righ-Leve! Evaporutor/Crystallizer Corrosion Evaluation, Presented at Corrosion 94, NACE
Intermational, Houston TX 77218

13, Revie, WW, 2000, Uhlig’s Corrosion Handbook, 2nd Edition, Wiley-Interscience, New York, NY 10158

14. Sedriks, AJ, 1996, Corrosion of Stainless Sieels, John Wiiey & Sons, Inc., New York, NY 10158

15, Smith, H. D. and M. K. Elmore, 1992, Corrosion Studies of Carbon Stee under Impinging Jets of Simulated Slurries of Neutralized
Current Acid Waste (NCAW) and Nevtralized Cladding Removal Waste (NCRW), PNL-7816, Pecific Northwest Eaboratery,
Richiand, Washington.

16. Uhlig, HH, 1548, Corrasion Handbook, John Wiley & Sons, New York, NY 10158

17. Wilding, MW & BE Paige, 1976, Survey on Corrasion of Metals and Ailoys in Solutions Containing Nitrie Acid, ICP-1107, ldsho
National Engineering Laboratosy, Idabo Falls, 1D,

18. Zapp, PE, 1998, Preliminary Assessment of Evaporator Maserials of Construction, BNF-—003-98-0029, Rev 0, Westinghouse
Savamak River Co., Ing for BNFL Inc.

P

;in

-MWth

CCN 138170, Blackburn, LD to PG Johnson, Intemal Memo, Westinghouse Hanford Co, Evaluation of 240-AR Chloride Limit,
August 15, 1991,

2. CCN l301.71 , Ohl, PC to PG Jolmson, Internal Memo, Westinghouse Hanford Co, Technical Bases for CI' and pH Limits for Liquid
Waste Yenk Cors, MA: PCO:90/01, Jamanry 16, 1990.

3. Agsrwal, DC, Nickel and Nickel Afloys, tn: Revie, WW, 2000. Ublig’s Corrosion Hamdbook, 2nd Edition, Wiley-Interscience, New
York, NY 10158

4,  Jenkins, CF, 1998, Performance of Evaporators in High Leve! Radioactive Chemical Waste Service, Presented at Corrosion 98, NACE
International, Houston TX 77084

5. Jones, RH (Ed), 1992, Stress-Corrovion Cracking, ASM International, Metals Park, OH 44073

6. Phull, BS, WL Mathay, & RW Ruoes, 2000, Corrosicn Resistance of Duplex and 4-6% Mo-Containing Stainlexs Steels i FGD
Scrubber Absorber Siurry Environments, Presenicd at Corrasion 2000, Orlando, FL, March 26-31, 2000, NACE Internationat,
Houston TX 77218,

7. Van Delinder, LS (Ed), 1984, Corrosion Basics, NACE International, Houston, TX 77084

PWD-VSL-00044: Sheet:5 of 7




24590-PTF-N1D-PWD-P0001
_ Rev. 1
PLANT ITEM MATERIAL SELECTION DATA SHEET

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

PROCESS CORROSION DATA SHEET
Component{s) (NameNiD#)  Piant wash vessel (PWD-VSL-00044)

Faciiity BIF
in Black Cell? You
Chemicals unit' | Contract Maximum Nen-Routine Notes
__Loech Mo leech’ Loach Nolsech
[Aluminum ? 43E-02 SE-02 2.M0E-01 2.M501
IR 14E0 8.85E02 1.08601
TIE02 S5 196501 128504
P 32ED1 2BE-M 180602 1.806-02
ol 1.6E401 18840 1.54E401 8,81 E+00
8 44602 BAE-02 A.B0E.01 543601
o 8AED2 TSE02 ASSE0t 413601
P ALED2 41502 1.98E-01 2. 4501
40801 80601 SATEO4 1426804
o 47602 EAE2 S5E01 124604
W, Nots 4
.-
-]
WA Nots 3
w» Nots 2
List of Organic Species:
Refarences o
[Sygtein Dnacriptn WO-FTE-QYD-NO-G0001, Ry
Fotmat irpid Ssam & The Icoming 20 :

Pas, 56491 g0

Nates:
gmummt‘uanumuhmmuuummmwmum
T notmel operelion 88 °F {111 " GHASEL-PTRMVCPWO-0002, Rev Dy

piH sppraximataly ¥ lo 11
. Overfiow s dikded Jo Newlonien Mid with waber 23 50on as normal oparstion Iy ackieved. Expecied miimusy diution ralis 8.

Assumptions:
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4.9.13 Plant Wash Vessel (PWD-V5L-00044)

Routine Operations

PWD-VSL-00044 is located on the ground level in a black cell. 1t has a batch volume of 60,000 gallons. The
vessel is sized to receive washes from the larpest potential wash and still be 2ble to handle routine transfers
from other sources.

An air in-bleed and forced purge gir are provided to dilute hydrogen generated in vessel PWD-VSL-00044.
Pulse jet mixcrs are used 1o provide a uniform mixture during neutralization within vessel PWD-VSL-00044.
An RFD supplies a representative sample of the vessel contents, which will be analyzed for pH in the
laboratory. Excess acidic effluent is adjusted (to pH>12) with 19 M sodium hydroxide supplied from a reagent
header.

An R¥D supplies a representative sample of the contents of vessel PWD-VSL-00044 to the lab for analysis,
Normally, the contents of vessel PWD-VSL-00044 are blended with those of vessels PWD-VSL-00015 and
PWD-VSL-00016 within vesse] FEP-VSL-00017A or B to maintain a consistent evaporator feed.

Vessel PWD-VSL-00044 vents to the vessel vent caustic scrubber (PVP-SCB-0002) via the vessel vent
header,

During normal operations, vessel PWD-VSL-00044 receives recycle material from the following sourges:

s  HEME drains via vesse] PVP-VSL-00001 and demister drains via PYV-VSL-00002

¢  Spent scrub solution from BVP-SCB-00002 '
o Contaminated effiuent from RLD-VSL-00003 (LAW vitrification facility)

s Waste from PWD-VSL-00043

o  Active material from PWD-VSL-00033

o  Laboratory wastes

Overflows from non-Newtonian vessels (marked with *) will be diluted with water as soon as normal operation
is achieved/recovered. A minimum dilution ratio (water/fluid) of 8 to 1 is expected.

Non-Routine Operations that Could Affect Corrosion/Erosion
o Vessel PWD-VSL-00044 overflows to PWD-VSL-00¢33.

»  Wash rings are used for vessel and breakpot washing. A vessel-cmptying cjector, installed from the UFP
system end, is used for non-routine fransfers to the acidic/atkaline effluent vesse] (PWD-VSL-00616).

¢  During non-routine operations, vessel FWD-VSL-00044 receives plant wash from the following sources:
—  Plant wash solution from interior sutfaces of pretreatment vessels via vessel-emptying ejectors

discharging to plant wash/sump breakpots PWD-BRKPT-00007 through 10 and PWD-BRKPT-00017
and 19 '

~  Plant wash solution from preireatment cell walls, equipment exterior surfaces, and cell cladding via
sump-emptying ejectors discharging to breakpots PWD-BRKPT-00007 through 10 and PWD-BRKPT-
00017 and 19

¢  Condensate drain from pretreatment vessel vent header
e Active condensate from the high- and low-pressure steam condensate headers
s  Active material from the closed loop chilled water
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‘ I
PWD-VSL-00015 & PWD-VSL-00016 (PTF) RFRWTE DG
Acidic/Alkaline Efffuent Vesscl Ofispring items
o Dusign Temgperature (*F)manmin): 2370 PWD-VSL-00015-
s Design Pressurc (psig) (max/min): 15/-10 PWD-VSL-00101 - PWD-VSL-00105
+  Location: incelt PWD-PIM-00001 — *WD-PIM-00008
o PIM Discharys Velocity (fé): 40 FWD-RFD-00101 - PWD-RFD-00103
s Drive Cyole: 17 % (ut 40 fps) PWD-VSLA0016-
PWD-VSL-00111 - PWD-VSL-0015
PWD-PIM-0001 1 — PWD-PIM-00018,
PWIXRFD-O0111 - PWD-RFD-00115
Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheets
Options Considered:
e Norma! pperating conditiony.
Materials Considered:
Msterial Relative Acceptable Unaceeptable
(UNS No Cost Materin} Material
Carbon Steel 0.23 X
304L (530403} 1.00 X
316L {831603) 118 X
6% Mo (NOB367/NOS926Y 764 X
Alloy 22 (N0G022) 14 X .
Ti-Z (R50400) 0.1 X

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

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrvosion allowance
and 0.016 inch general erosion allowance; localized protection
will be provided as necessary as discussed in section §)

Process & Operations Limitations:
¢ Develop rinving/flushing procedure for acid operation or cnsure a sufficient atkaline bec] cxists during acid addition.

Please note that source, special nuclear and byprodict malorials, as
defined in the Atomic Energy Act of 1954 (AEA), are negolated at
the U.S. Popartment of tnergy (DOE) facilitie exclusively by DOL
acting pursuant i its ATA authority. DOE esserty, that pursuant fo
the AEA, it has gole and cxclusive responaibility and authority to
regulate source, specinl nuclesr, end byproduct materials at DOE-
owned nuclear facilities. Information contafned herein on
radionuclides is provided for process description purposes only.

EXPIRES: 12079 |
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Corrosion Considerations:

These vessels receive acidic/alkaline cleaning effluent and solutions from equipment in the CNP, CXP and UFP
systoms, as well as non-routine transfers from other PWD system vessels,

a General Corrosion
The normal operating temperature is 80 to 100 °F. Periodically, steam can heat incoming streams to 212 °F (with a desiyn
temperature of 237 °F). The high teruperature is anticipated to be localized and of short duration.

In Hammner's data (1981), 304 (und 3041.) lists & corrosion ratc in NaOH of less than 20 mpy (500 pmy'y) at 77 °F and over 20 mpy

at 122 °F. He shows 316 (and 316L) has 2 rate of less than 2 mpy up to 122 °F and 50 % NaOH. Dillon (2000) and Sedriks

{1996) both state that the 300 sevies alloys are acceptable in up to 50 % NaOH at temperatures up to about 122 °F or slightly .
abave. Davis (1994) states the corrosion rate for 304L in pure NeOH will be less than about 0.1 mpy up to sbout 212 °F though
Sedriks {19965} states the data beyond about 122 °F are low because of the presence of oxidizing agents - similar to nitrates and
nitrites. Danielson & Pitman (2000, based on short term studics, suggest & corrosion rate of about 0.5 mpy for 316L in simulated
wastc at boiling, >212 °F. Divine's work (1986) with simulnted-radwaste evaporators showed that 3041. was slightly more l
resistant to corrogion {<0.2 mpy) than was 3161 (<0.6 mpy). - Zapp (1958) notes that the Savannsh River evaporator vessels,
operating st sbout 300 °F, are made of 304L and have suffered no failures in about 30 years; 304L heat transfer surfaces have

failed however aficr about 10 years.

The amount of fluoride is expected to be small although ultrafilter washing with nitric acid might result in a high acidic fluoride
congentration. Wilding and Psige (1976) have shown that in 5 % nitric acid with 1000 ppm fluoride at 200 °F, the corrosion ratc of |
304L cun be as high as 5 mpy. it is assumed that the corrosion ratc is roughly proportionel to the fluoride concentration, even at
high temperatores, normal conditions will result in low rates ~ the unknown is the acid wash conditions. If'acid is added from
another souvee, the vesse] should cither be flushed prior to pddition of acid or retain a sufficient alkaline heel,

If the solutions vary between strongly oxidizing (permanganate), atkaline, and acidic, then the conditions are similar to those in .
nuclear rexctor systerns during decontamination and enhanced corrosion shoulkd be expected.

Conclusion: '
304L or 316L will be sufficiently resistant to the waste solution at the cxpocted temperatures with a probable general corrosion
rate of Jow than t mpy, Based on the Savannah River experience with Hanford-like waste at higher temperatures, 304L is
expected to be satisfctory in hot waste. Rinsing procedure should remove as much waste as possible followed by a water rinse
priot to acid cleaning to prevent acid cleaning in the presence of excessive fluvride.

b Pitting Corrosion

Chiloride is known to cause pitting in acid 2nd neutral solutions with 316L more resistant than 304L. Dillon (2000) is of the

opinion that in alkaline solutions, pH=>12, chlorides are likely to promote pitting only in tight erevices even with 304L. Dilion and
Koch {1995} arc of the opinion that fluoride will have little effect. Jenkins (2000) has stated that localized corrosion ean occur

wnder the depovits on tubes, probably due to the chiorides. Further, Revic (2000) and Uhlig (1948) notc that nitrates inhibit ‘
chioride pitting. Wilding and Paige {1976) note that nitric acid inhibits chloride attack though their dats arc gt higher temperatures |
and coneentrations.

The vesscly are shown to have substantia) conceatrations of chlorides and fluorides under normal cperation. Ne indication of how
tmuch can be present from ultrafilter washing, At the stated levels of halides and under alkaline conditions, 304L is expected to be
satisfactory even at 237 °F. 1f the pH drope below 12, the halides must be removed. Pulsc jet mixers provide sufficient agitation
to prevent deposits. '

Conclusion:

Under normal conditions with agitation, JU4L may be acceptuble. However, becausc of non-routine low pH conditions, the more
pitting resistant 316L. is recormmended for conszrvatism.

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

Conclusion:
Not eppliceblc to this system.
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4 Stress Corrosion Cracking ]

The cxzet amount of chloride required to canse stress corrosion cracking is unknown. In part this is because the amount varies
with temperature, metal sensitizetion, and the covironment but also becausc chioride tends to concentrate under heat transfer
conditions, by evaporation, and electrochemically during  corrosion process. Hence, even as littie as 10 ppm can leéd to cracking
under some conditions. Generally, 23 seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur
below about 140 °F. The "L" grades of both 304 and 316 arc also more resistant to cracking than the higher carbon verzions,
Further, the presence of nitrate is expected to inhibit cracking, If the concentrations are a5 stated, stress corrosion eracking will be
minimized. Becausc of the high chioride concentrations, the likelthood of residual halides is high. Therefore 2 minimum of 3161
is recommended

Conclusion: ‘ -
With the normul opetating environment, 316L atainless stee] is expected to be ucceptable.

¢ Crevice Corresion
The pitting dircussion covers this ares.

Conclusion:
See Pitting

f Corrosion at Welds
Corroslon at welds is not considered & problem in the proposed environment,

Conclusion:

~ Weld corrogion is not considered 2 problem for this system.

£ Microbiologically Induced Corvosion (MiC)

The proposed operating temperatures are slightly high for microbial growih but, additionally, the location of the system in the
process suggests little chance of the introduction of microbes. Further, the alternation between acidic and slksline conditions is
not conducive to their growth.

Conclusion:
MIC is not expected to be a problem

h Fatigue/Corrusion Fatigue
At the operating pH, corrosion fatigue is not expected to be a problem in a proper degigned vessel.

Conclusions
Not considered to be 2 problem.

1 Vapor Phase Corrosion
‘The vapor phase portion of the vessel will be spastered with solution. The presence of wash rings within the vesscls will allow this
area to be rinzed. :

Conclusion: .
Not considered to be a problem.

] Erosion

Based on past experiments by Smith & Elmore (1992), ihe solids are soft and erosion is not expected to be a concern for the vessel
wail. Based on 24500-WTP-RPT-M-04-0008, a gencral erosion allowance of 0.016 inch is adequate for componcnts with
maximum solids content up to 273 wite. Additional 316L stainless steel should be provided as localized protection for the
applicable portlons of the bottom head to accornmodate PIM discharge velocities of up to 12 m/fs with solids concentrations of 2.0
wt% for a usage of 65 % (FPWD-VSL-00015) or 54 % (PWD-VSL-00016) opcration as documented in 24390-WTP-MOB-50-
00003, PWD-VSL-XI015 requires at least 0.093-inch additional protection snd PWD-VSL-00016 requires af least 0.077 inch
additional protection. The 2.0 wt% is considered to be conservative and is based on the WTP Prime Contract maximum. During
normal operation, the solids content of the PWID-VSL-00015/16 vessels is expected to be well below the anticipated maximum.
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The wear of the PJM nozzles can eccur from fiow for both the discharge and reflood cycles of operation. Al leust 0.065 inch, for
PWD-VSL-000135, and 0.054 inch, for PWD-VSL-00016, of additionel 3 16L stuinless steel should be provided on the inner

surface of the PIM nozzle to accommodate wear due to PJM discherge snd suction velocities with solids concentrations of 2.0

wi% for 65 % (PWD-VSL-00015) or 54 % (FWD-VSL-00016) operation as documented i 24590-WTP-MOE-50-00003. i

Conclusion:

The recommended corrosion allowance provides sufficient protection for crosion of the vessel wall, Additionul localized
protection for the botbom head will accommodate PIM discharge velorities and for the PIM nozzies will accommodate PIM
dischurge and reflood velocitics.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

1 Fretting/Wear
Frettingfwear is not anticiputed due to the lack of moving parts.

Conciusion.
Not 2 concern.

m Galvank Corrosion
Tn the proposed environment and with the lack of dissimilar alloys, there are no potential differences. Therefore, no gatvonic
corrosion is expected,

Conclusion:
Not a concern.

n Cavitation ‘
Nonc expected. . .

Conclusion:
Not helieved to be of concern.

o Creep
Thcmmmmmolowtobcaconm

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition

Higher chloride contents and higher temperatures usually require higher afloy materials. Nitrate ions inhibit the pmmg and crevice
corrosion of stainless alloys. Furthermore, nitric acid passivates these alloys; therefore, lower pH valuea brought about by increases -
in the nitric acid content of process fluid will not cause higher corresion rates for these alloys. The upset condition that was rost
1kcly to oceer is lowering of the pH of the vesse! content by inadvertent addifion of 2 M nitric acid. Lowering of pH may make a
thluride-containing solution more likely lo cause pitting of stainless alloys. Increasing the nitric acid content of the process fluid
sdds more of the pitting-inhibiting nitrate jon to the progess fluid, In addition, adding the nitric acid solution fo the stream will
dilute the chloride content of the proccss fluid,

Conclusion:
The recormnended materials will be able to withstand a plausible inadvertent addition of 2 M nitric acid fora Hmited per:od
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WTP Process

PROCESS CORROSION DATA SHEET

Corrosion Data

Component(s} (Name/ID#  Acidic/stkaline effluent vessels (PWD-VSL-00015,16)
Facility PTF
In Black Cali? Yes
Chemicals Unit' | Contract Maxinwum Non-Routine Notes
Leagh No leach Lwach Nolsach
gh | 208 1456401
o 4.28E+00 474E+00
91 | A475E:00 5326400
ol | TI4EM00 EA1E+00
gl 1.23E+02 1235402
o 2.205+01 2A5E+01
) 1.826+01 1.785+01
g 8545400 £.50E+00
gn 779502 7.84E02
| 5.66EHN E48E4D01
Undissolved solids wite 1.3% 1.4%
ther (NaMnO4, Pb,...} | o
Jother ol
[eH_ NiA Nota 3
Temperature r Note 2
. _Now4
Ist of Orgaric Species;

T norme! operetion 83 °F 1o 100 *F {24560-FTF-MVC.-PVD-00031, Rev D)
PH 14 but could receive 2M niirc acid (pH -0.3) from UF cleaning, on non-rouling batis,
4. 190 NaOH can be addad to these veaguls.

Notes:
kmmwmu 107 A do not need 9 o reported; Fat values to tyo significant diges mex,

IAssumptions:
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499 Acidic/Alkaline EMMuent Vessel (PWD-VSL-00015)

Routine Operations

The vessel is sized to accommodate one wash/cleaning cycle from ultrafiliration with allowances for the
other small streams that are received along with enough space to neutralize material.

During normal operations, vessel PWD-VSL-00015 receives acidic/alkaline effluent from the following
BOUTGES:

¢ Alkaline cleaning efflucnt via breakpot PWD-BREKFPT-00015 from ultrafiliration feed vessels (UFP-
VSL-00002A/B)

s Caustic rinse from cesium ion exchange columns (CXP-IXC-00001, CXP-IXC-00002, CXP-IXC-
00003, and CXP-IXC-00004)
Process condensate from cesium nitric acid recovery (CNP-HX-00002, 3, and 4)

Nitric acid, dernmem]med water, and sodium hydroxide drains from reagent bulge UFP-BULGE-
00001

Non-Routine Operations that Could Affect Corrosion/Erosion

During non-routine operations, vessel PW'D—VSL»-OOOIS receives acidic/alkaline e fluent from the
following sources:

e  Caustic rinse from cesium ion exchange via eaustic rinsc collection tank {CXP-VSL-00004)

¢  Acidic clcaning effluent via breakpot PWD-BRKPT-00015 from ultrafiltration feed vessels (UFP-
VSL-00002A/B)

¢ Caustic rinses from solids washing/leaching (UFP-VSL-00062A/B/C) .
s During abnormal operations, vessel PWD-VSL-00015 reccives effluent from the following source:
*  Overflow from PWD-VSL-00016

& An air in-bleed is provided to dilute hydrogen generated in vessel PWD-VSL-00015. The leve] and
tomperature in vessel PWD-VSL-00015, as well as the temperature in the acidic/alkaline cffluent
breskpot, are monitored in the main control room. Pulse jet mixers are used to provide a uniform
mixture during neutralization within vesscl PWD-VSL-00015. An RFD supplies a representative
sample of the vessel contents, which will be analyzed for pH in the laboratory. Excess acidic effluent
is neutralized with 19 M sodium hiydroxide supplicd from a reagent header. Wash rings are used for
vessel and breakpot washing. A vcssel-cmptymg ejector is used for non-routine transfers to the plant
wash vessel (FWD-VSL-00044).

s An RFD supplies 2 representative sanmple of the contents of vessel PWD-VSL-00015 for analysis, If
the pH is confirmed to be 12 or above, RFDs transfer the high- active effluent from vessel PWD-VSL-
00018 to the waste feed evaporator feed vessels (FEP-VSL-00017A or B) for recycle.

s  Vessel PWD-VSL-00015 vents to the vessel vent caustic scrubber (PVP-S8CB-00002) via the vessel
vent header, overflows to the acidic/alkaline effluent vesscl (PWD-VSL-00016), and ultimately
overflows to vessel PWD-VSL-00033, Breakpot PWD-BRKPT-00015 vents to scrubber PYP-SCB-
00002 via the vesscl vent header and overflows to vessel PWD-VSL-00015.
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4.9.10 Acidic/Alkaline Effluent Vessel (PWD-VSL-00016)

Routine Operations

The vessel is sized to accommodate one washfclmng cycle from ultrafiltration with allmmes for the

other small streams that are received along with enough space to ncutralize material,

During normal operations, vessel PWD-VSL-00016 receives acidic/alkaline effluent from the followmg

Sources:

¢ Alkaline Acidic cleaning effluent via brcakpot PWD-BRKPT-00016 from ultrafiliration feed vessels

(UFP-VSL-00002A/B)

e  Caustic leach solutions (UFP-VSL-00062A/B/C)

¢ Ultafiltration solides wash (UFP-VSL-00062A/B/C)

s Niu-éc acid, demincralized water, and sodium hydroxide drains from reagent bulge UFP-BULGE-
00002

Nou-Routine Operations that Could Affect Corrosion/Erosion

» During non-routine operations, vesscl PWD-VSL-00016 receives acidid/aikalinc cffluent from the

following sources:

— Caustic rinse from cesium ion exchange via caustic rinse collection tank (CXP-VSL-OOO(M)
- Caustic rinse from cesium ion exchange columns (CXP-IX-00001/2/3/4).

— Process condensate from cesium nifric acid recovery (CNP-HX-00002, 3 and 4).

~  Alkline cleaning ef{Tuent via breakpot PWD-BRKPT-00016 from Ultrafiltration Feed Vessels
(UFP-VSL-0I002A/B).

— Plant wash from PWD-VSL-00044,
- Dverflow from PWD-VSL-00015
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Offspring items R10867002
PWD-VSL-00131, PWD-VSL-00132 |

PWD-VSL-00033, (PTF )
Ultimate Overflow Vessel .
«  Design Temperatme (°F)(mex/min): 22540

o Design Pressure (psig) (max/in): 1SFV APEWIEPDG  PWD-PIM-00031- PWD-PIM-00038,
o Location: out cell ‘ PWD-RFD-00131, PWD-RFD-00122
e PIM Discharge Velocity (fps): 40
*  DriveCych: 17% (atdD fhs)
Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheet
Operating Modes Considered:

o Normai operating conditions which can range from acidic to alkaline

o Alkalinc conditions at clevated temperature _ i

s Acid conditions with elevated halides and temperatures, such as would occur if the tank contained a volume of alkaline
waste and two or three volumes of 5 N nitric acid were added,

Materials Considered:

Material Relative Acceptable - Umscceptable
(UNS Ne) _ Cost Maderial Material

Carbon Stoel 0.23 o X

3041, (S30403) 00 X

316, (S31603) A8 X

6% Mo (NOB367/NOEY26) 7.4 X

Allay 22 (06022} 114 X ‘

Ti-2 {R50400) 10.1 X

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

Recommended Corrosion Allowance:0.040 inch (includes 0.024 inch corrosion
allowance and 8.016 inch genera! erosion allowance;
localized protection required as discussed in section j)

Process & Operations Limitations:

s Develop rinsing/flushing procedure for acid and water,
¢ Develop e recovery procedure for non-routine vessel overflows.

Please note that source, special nuclear and byproduet soaterials, as
definedd in the Atorrie Energy Act of 1954 (AEA), sre regulated at the
U.S. Department of Encrgy {DOE) fatilities exclusively by DOE
acting pursuant to its AEA suthority. BXOE asserts, that pursuant to
the AEA, it has sole and exchusive responsibility and suthority 1o
regulate source, special nuclesr, and byproduct materials st DOE-
pwned maclear facilities. nformation contwined hevein on
radiomxlides is provided for process description purposes only.

[EXPIRES: 12007167 }

This bound document contains 3 total of 8 sheets,
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Corrosion Considerations:

PWD-VSL-00033 receives material from various sources including drains and flushes from waste feed and
transfer lines, drains in the C5/R5 cells and bulges, and plant wash from RLD-VSL-00008. During non-routine
operations, this vessel could receive overflow material from most systems within Pretreatment.

a General Corrosion

Under norwial operation, the concentrations of most chemicals will be sufficiently fow that 3041 will be satisfactory.
Further, in this vessel, the temperatures normally will be sufficiently low that uniform corrosion will not be a concem, the
main exceptions being non-routine operations or from ultrafilter cleaning. The amount of Auoride is cxpected to be small
although ulrafilter washing with aitric ecid might result in a high acidic fluoride concentration. Wilding and Paige (1976)
Lave shown that in 5% nitric acid with 1000 ppm fluoride at 200°F, the corrosion rate of 3041 can be us high as § mpy.

Hamner (1981) lists a torrosion rate for 304 (and 304L) in N2OH of less than 20 mpy (500 pm/y) at 77°F and over 20 mpy
at 122°F. He shows 316 (and 316L) has a rate of less than 2 mpy up to 122°F and 50% NaOH. Dillon (2000) and Sodriks
(1996) both state that the 300 series zre acceptable in up to 50% NaOH at temperatures up to about 122°F or slightly above.
Divine's work with simulated-radwaste cvaporators, six months at 140°F, showed 304L was slightly more resistant fo
corosion (<0.2 mpy) than wes 3161 (0.6 mpy); Ni 200, pure nickel, was nmuch less resistent (%7 mpy) probably due to the
complexants. Zapp notes that the Savannah River evaporator vesscls, operating at about 300°F, are made of 3041 and have
suffered no failures in about 30 years; 304L heat transfer surfaces have failed however after about 10 years, Ohl & Carlos,
in their review of the 242-A Evaporator, found in waste similar to that expected, the corrosion of 304L aficr about two years
of operation at 140°F was less than the accepted variability of the plate.

Davis (1987) states the corrosion rate for 3044 in pure NaOH will be less than about 0.11 mpy up to sbout 212°F though
Scdriks {1996) states the data beyond about 122°F are Jow due to oxidizing agents, Denicison & Pitman (2000), based on
shart term studics, suggest a corrosion rate of about 0.5 mpy for 3161 in simulated waste at boiling, >212°F.

Conchuwion:
If the temperature were to remain in the stated operating conditions und the envirenment were alkaline, 3041 would be
marginally setisfuctory with 316L better. :

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 (1993) are of the opinion that fluoride
will have little cffect. Jenkins (1998} has stated that localized corrosion can oceur under the deposits on wubes, probably due
10 the chlorides. Further, Revic (2000) and Uhiig (1948) note that nitrates inhibit chloride pitting. Wilding mnd Paige
{1976y note that nitric acid inhibits chloride attack though the dats arc at higher temperatures and concentrations,

Conclusion:

Localized corrosion, such as pitting, is common and would be a concern in waste with the expected maximum halide |
levels. However, the presence of nitrate will mitigate their effects. Under normal conditions with agitation, 3161 is

expecied to be satisfactory. )

¢ End Grain Corrosion
End grain corrosion only occurs in metal with expesed end grains 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 comosion cracking is unknown, In part this is beeause the amount
varies with lemmperature, metal sensitization, and the environment. But it is aiso unknown because chlaride tends to
concentrate under heat transfer conditions, by evaporation, and tlectrochemically during & corrosion process. Hence, even
as little as 10 ppm can lead fo cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress corrosion cracking does not usually occur below about 140°F. If the concentrations are as stated, stress corrpsion
cracking will be minimized. Although caustic cracking is possible above 140°F, it is not expected under these conditions,
probably due to the presence of oxidizing specivs such as nitrate.

Conclusion:
Because of the normal operating environmen, 316L stainless stecl is expected to be acceptable.
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¢ Crevice Corrasion
For the most pert, the pitting discussion covers this area. Should acid cleaning be used, the presence of excessive heat tint
(darker than 2 Jight or straw yellow) could lead to crovise corrosion.

Conclusion:
See Pitting

{ Corrosion at Welds
Corrpsion at welds is not considerced a problem in the proposed environmen.

Conclusion:
Weld corrosion is not oons\dercd a problem for this system.

g Microbiologically Inguced Corroston (MIT)

The proposed operating temperatures are suitable for microbial growth, but the location of the syster in the process
suggests little chance of the introduction of microbes. Further, the alternation between acidic and alkaline conditions is not
conducive to their growth.

Conclusion:
MIC is not expecied to be » problem.

1 Fatigue/Corrosion Faiipne
Corrosion fatiguc i3 not expected to be a problem in this vessel.

Conclusions
Not considered to be 8 problem

i Vaper Phase Corrosion
The vapor phase portion of the vessel will be spanered with solution and pitting or crevice corrosion may be a concern,

Conclusion:
Pitting is a possible concern but is covered by the pitting chscusslon

j Erosion

Bascd on pust experiments by Smith & Elmore (1992), the solids are soft and crosion is not expected to be a concern for the
vessel wall. Based on 24590-WTP-RPT-M-04-0008, a general erosion llowsnce of 0.016 inch is adequate for components
with maximurn solids content up to 27.3 wi%. Additional 3161 staintess stee! should be provided s localized protection for
the applicablc portions of the bottom head to accommodate PIM dischasge velocities of up 10 12 mfs with solids
concentrations of 26.7 wt% for a usage of 19 % operation as docomented in 24590-WTP-MOC-50-00004. PWD-VSL.-
00033 requircs 2t Jeast 0.083-inch additionsl protection. The 26.7 wt% is considered to be conservative and is bascd on the
WTP Prime Contract maximum. During norma) operation, the solids content of PWD-VSL-00033 is expested to be well
below the anticipated maxinum.

The wear of the PIM nozzles can occur from flow for both the discharge and reflood cycles of operation. At least 0.053~
inch of additional 3!6Lstaml¢sssteeishouldbepmv;dadm the inner surface of the PIM nozzle to accommodate wear due
1o PJM discharge and suction velocities with solids concentrations of 26,7 wi% for usage of 13 % eperation as documented
in 24590-WTP-MOC-50-00004.

Conclusion:

‘The recormmended corrosion allowanee provides sufficient protection for erosion of the vessel wall. Additional localized
protection for the bottom head will accommodate PJM discharge velocities and for the PIM nozzles will accommodate PIM
discharge and reflood velocities.

k Galling of Moving Surfaces
Not applicable.

Conciusion:
Not applicable.

! Fretting/Wear
Not expected to be applicable.

Conclusion:
Not a concem.
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PWD-VSL-00046 (PTF) - 0l II |Iﬂ
€3 Floor Drain Collection Vessel R10668
- ‘max/mi ):225'20 ;
e B o Caaainy Y - 904 dibidan

¢  Location: outcel}
Contents of this document are Dangerous Waste Permit affecting [

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Opﬁons Considered:
»  Normal operating conditions ] -
e Assumption: water provided by BOF will be treated i

Materials Considered:
Materinl Ralative Acceptable Uracceptable
{UNS No,) Cost Materia) Material

Carbon Steel 0.23 X
304L (530403) 1.00 X
316L(S31603) 18 X
6% Mo (NOBI67/NOBI26) 7.64 X

["Alloy 22 (NOSOZ3) 14 X
Ti-2 (RID400) 0.1 X

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

Recommended Corrosion Allowance: 0.040 inch (includes 0,024 inch corrosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
«  Develop rinsing/flushing procedure for acid and water

Please note that source, special nuclear and byproduct matcrials, 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 pursusnt to its AEA suthority. wahmhty mﬂﬁmmmumm :
the AEA, it has sole and exciusive responsibili ity to
regulate source, specis] nuclear, and byproduct materials ot DOE EXEIRES: 12007/97_|
owned nuclear facilitics. Information contained herein on

radionuclides is provided for process description purposes only, This bound docurnent contains a tota] of 6 sheets,
- R
2 / /‘ /0‘ Issued for Permitting Use @’ % M
i &/25/04 Issued for Permitting Use IRD MWH
0 5/24/02 Issued for Permitting Use DLA JRD MWH
REV DATE REASON FOR REVISION PREPARER CHECKER APPROVER

Sheet: lof6



24590-PT¥-N1D-PWD-PO006

Rev.2
PLANT ITEM MATERIAL SELECTION DATA SHEET
Corrosion Considerations: _ -
PWD-VSL-00046 normally receives floor drains from all C3 areas in the PT facility generated from normal

cleanup activities or small leaks as well as any material in the pit sump. During abnormal operations, the vesse!
could receive sprivkler water discharge from the C3 area sprinkler system. Additionally, solids could be
introduced through the floor drains.

a General Corrasion )
In normal operation, the vessel will essentially contain water. Based on Uhlig (1948), little uniform corrosion is expected at |
these conditions. The steted solutions are compatible with the 30@ series stainless steel,

Conclusion:
304L or 316L is expected to be sufficiently resistant to the waste solution with a probable general comrosion rate of less than

1 mpy.

b Pitting Corroesion

Normually the vessel is to operate between 50 and 77°F at neutral pH. At this temperature and with the stated waste, 3041,
has the potential of pitting, particularly if the liquid is stagnant, Becanse of the water sources, it is likely that the water will
contain dirt and other solids. Additionally, any sand tracked into the building will end up i the drain tanl. Consequently,
the likelihood of pitting will be higher. The time to initiate would depend on the concentration of the residual chiorides, the
cleanliness, and the ternperature. Depending on expected conditions, at least 3041 and probably more pitting resistant atloys
will be needed. )

Conclusion: .

Localized corrosion, such as pitting, is common but can be mitigated, if caused by chlorides, by alloys with higher
molybdenum comtents. Based on the expected operating conditions, and the possibility of the presence of solids, the more
pittmg-resistant 316L. is recommended.

¢ End Grain Corrosion ‘

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

Conelusion:
Not applicable.

d Stress Corrosion Cracking

‘The exact amount of chioride required to canse stress corrosion cracking is unknown. In part this is because the amount
varies with temperature, metal sensitization, and the environment. But it is also unknows becsuse chloride tends to
cancentrate under heat transfer conditions, by cvaporation, and electrochemically during & corrosion process, Hence, ¢ven
as Jittle a5 10 ppm can lead to cracking under some conditions. Generally, 2s seen in Sedriks (1996) and Davis (1987),
chloride stress corrosion cracking does not usually ocour below about 140°F and 304L is expected to be satisfactory. A
bettet long-term choice would be 316L.

Conclusion:
At the normal operating enviroument and due to anticipated abnormal conditions, the minimum alloy recommended is a i
3161 stainless.

e Crevice Corrosion
At the proposed operating temperature, if deposits or other crevices are present, 304L is not scceptable, The applicability of
316L for this waste is accepted if no significant depesits are present.  In addition, see Pitting.

Conchesion:
It is assumed that no deposits form and the no other crevices are present. Therefore, 316L is acceptable.

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. |

FWD-VSL-00046: Shect:2 of 6
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g Microbiclogically Induced Corrosion {MIC)
The normal operating conditions are ideal for microbial growth if the system is infected. However, the most likely source of
infection is process water so the use of treated water makes infection unlikely.

Conclusion:
Not expected to be a concem.

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

Conclusions
Not expected to be a concern.

1 Vapor Phase Coryasion
Vapor phase corrosion will be a function the degree of agitation, solution chemnistry, and tesperature. Nonetheless, it is pot
deemed a problem in this tank.

Conclusion:
Not likely to be a concern.

] Erosion _
Veiocities are expected to be low. Brosion 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.

| Fretting/Wear

No contacting surfaces expected.
‘Conclusion:

Not applicable.

m Galvanic Cerrosion
No significantly diasimilar metals are present.

Conclusion:
Not expected to be a concen.

n Cavitation
None expected.

Conclusion:
Not believed 1o be of concern.

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

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition

The upset condition that was most likely to occur is lowering of the pH of the vesscl content by inadvertent addition of .S M
nitric acid. Nitric acid pessivates these alloys; therefere, lower pH values brought about by increases in the nitri¢ acid content
of process fluid will not cause high corrosion rates for these alloys.

Conclusion:
‘The recommended materials will be able to withstand 2 plausible inadvertent addition of .5 M nitric acid.
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2459-FTF-N1D-PWD-F0008

Rev. 1
PLANT ITEM MATERIAL SELECTION DATA SHEET
- - WL B
PWD-BRKPT-00015 & PWD-BRKPT-00016 (PTF) plSBUEDBY R10672005

Acidic/Alkaline Effluent Breakpots

»  Design Temperaturs (CF)rax/min): 36R/40

¢ Design Pressure (psig) (internulexternal): [SFV ]
s Location: incell

Contents of this docnment are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet | i

Options Considered:
s  Drezkpot will tranefor acidic wash,
+  Breakpot will transfer atkaline wash.

Materials Considered:
Material Relntive Acceptable Unaceeptable
(UNS No,) Cent Material Material
Carboo Stee} .23 X
304L (530403) 1.00 X
3161 (S31603) 118 X
6% Mo (NOB3S7/NDA%IS) 1.64 X
Allay 22 (NOGD22) 114 X
Ti-2 (RSN400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
¢ Develop rinsing/flushing procedurs for acid or water,

Please note that source, special nuclear and hyproduct materials, as
defined in the Atomic Bnergy Act of 1954 (ARA), are regulated at
1he US. Deperiment of Energy (DOE) facilities exclusively by DOE
acting pursuant to its AEA sutbority. DOE usserty, that pursuant 1o
the AEA, it hay sole xnd exclugive responsibility and authority to

regulate source, special nuclear, and byproduct mmterialy a3 DOE-
owned nuclear facilities. Infarmation contsined herein on

radionuclides is provided for process description purposes only. ‘This braund docummient contains 3 total of 7 shocts. i

1 4 //J /4', Jssued for Permilting Use @\ M M
0 2117/04 | _ lssued for Permitting Use "DLA JRD APR
REY DATE REASON FOR REVISION PREPARER CHECKER APPROVER
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PLANT ITEM MATERIAL SELECTION DATA SHEET
Corrosion Considerations:

PWD-BRKPT-00015 routinely receives atkaline cleaning effluent from UFP-VSL-00002A/B and non-rontinely
may reeeive acidic cleaning effluent from UFP-VSL-00002A/8. PWD-BRKPT-00016 routinely receives acidic
cleaning effluent from UFP-VSL-00002A/B and non-routinely may receive alkaline cleaning effluent from
UFP-VSL-00002A/B or plant wash from PWD-VSL-00044,

a General Corrosion _

Hamner's data (1981), 304 (and 304L) lisls & corresion rate in NaOH of less than 20 mpy (500 pv'y) at 77°F end over

20 mpy at 122°F, He shows 316 (snd 316L) hes a rate of less than 2 mpy up to 122°F and 50% NaOH. Dilfon {2000) and
Sedriks (1996) both statc that the 300 seties are acceptable in up to 50% NaOH at temperatures up to sbout 122°F or stightly
above. Divine's work (1986) with simulnted-radwaste evaporators, six months at 140°F, showed 3041, was slightly more
resistant to corrosion (<{:2 mpy) than was 3161 (<0.6 mpy). Zupp (1998) notes that the Savannah River evaporator vessels,
operiting at about 300°F, are made of 3041 and have suffered no failures in about 30 years; 304L heat ransfer surfaces have
fatled however after about 10 years.

Because the solution is expected to be <2M HNOy, 304L, stain]css steel is an excellent choice for the material of
construction. Corrosion rates of €1 mpy are sxpected.

Conclusion;
At the stated operating conditions, 304L is expected to be sufficiently resiscant with a probable general corrosion rate of e

than 1 mpy.
b Pitting Corrosion

The vessels anc shown to bave no chlorides or fluorides under normal operation. Under the stated no-halide conditions,
304L is expected to be satisfactory. It is assumed, hpwcvcr, that the fluids will not be stagnant nor will there be deposits.

Concltision
At these temperatures and conceatrations, pitting is not anticipated and 304L is acceptable,

¢ End Grain Corrosion
~ End grein corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not applicablc to this system.

d Stress Corrosion Cracking
1f the vesscl ia halide free, 3041, will be setisfactory.

Coneilusion:
Thc usc of 3041 is expected to be acceptable for chloride firee conditions.

e Crevice Corrosion
Sce Pitting.

Concluxion:
See Pitting

f Corroslon 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.

£ Microblotogically Induced Corrosion (MIC) .
The proposed operating temperatures are generally acceptable for MiC but the Jocation of the system in the process suppests
little chance of the introduction of microbes. .

Conclusion:
MIC is not expected to be a problem.
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h Fatigue/Corrosion Fatigue
Corrosion fatigue is & not expected to be a problem.

Conclusions
Not expected to be a concern,

1 Yapor Phase Corrosion
Not considered to be a concern.

Conclusion:
Not a problem.

j Erosion
Velocities are expected to be low, Erasion sllowsnce of 0.004 inch for oompouents with low solids content (< 2 wi%) at

low velocities is based on 24590-WTP-RPT-M-04-0008.

. Lonclusion:
Not considered to be a concern.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

1 Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable,

m Galvanic Corrosion
No disgimilar metals are present.

Conclusion:
Not applicable.

n Cavitation
None expected.

Conclusion:
Not believed to be of concem,

o Creep
The tempemures are too Jow to be a concern.

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition

ngher chloride contents and higher temperatures usunﬂy Tequire hlghcr alloy materials. Nitrate ions inhibit the pitting and
crevice corrosion of stainless alloys, Furthermore, nitric scid passivales theze ulloys; 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 1ikely to occur is lowering of the pH of the vessel content by inadvertent addition of 0.5 M nitric
acid. Lowering of pH may make & chloride-containing sclution more likely to cause pitting of stainless alloys. Increasing the
nitric acid content of the process flnid adds more of the pitting-inhibiting nitrate jon to the process fluid. In addition, edding
the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Conclusion:
The recommended materials will be able 1o wilhstand! a plausible inadvertent addition of 0.5 M nitric acid for  limited
period.
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET
Gomponent(s) (NameAD#)  Acidic/Alkafine effluent brealgot (PWD-BRKPT-00015)

Faclity FTE
In Black Cell? Yeos
Chewnicals Unit' | Contract Maximum Non.Routine Notes
Leach No lasch Lanch Na Leach
lurminum o
hloride U
Fluoride gn
kron ¢
Nitrate t
Nitrite g
{Phosphate W
|Suifate o
IMercury wt
Carbonate 4]
ndissolved solids Ly
f (NaMnD4, Pb...) | o
ther -1
WA
[Tempsarature 4 Note 2
st of Organic Specles:

Notes:
1. Eoncenirations Iy than tx 10708 to rot need T be reported: ket valusd to two significant dighs max.
Bleam s used ky lrarofer. The brewkpot is normuly ety wid wt ambient temperatuns most of the tirne,

Assumptions:

PWD-BRKPT-00015 & PWD-BRKPT-00016: Sheet:5 of 7
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24550-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET
COmponamts) {NamenD #) Acidic/alvafine effluent brea_lg:_;ot {PWD-BRKPT-D0Q16)

Facility PTF
In Black Celf? You
Chemicals Unit' |  Contract Maximum Non-Routine Notes
Leach No leach Lesch Mo Laach
Il_uuminum o
Chloride o
[Ternperature o Note 2

F of Organic Species:

oles:
1.<:mmmnum1x1u‘mmmmmmmwm:uvﬂuuhmmmmm
Swam Is used for transler. The breakpot s sormally smipty and at ambeent iemperature most of the time,

IAssumptions:
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24590-WTP-RPT-PR-04-0001, Rev. B
‘WIP Process Corrosion Data

455  Acidic/Alkaline Effluent Breakpot{PWD-BRKPT-00015)

Routiae Operxiions |

Recxives alkaling cloading efffuent from UFR-VSL-H0002A/8, Tiix breakpot secves a5 a moisture
acparator for cjeoted plant wash from PT vesscls. The breakpot doca not secumulats xoy Buid,
Nex-Rautine Operstions that Conld Affect Corroden/Erosion

Receives aoldia aleaning efluent from UFP-VSL-00002A/B,

496  Acidlc /AlKalinc Efttnent lmnkpu {PWD—MMIG)

Reutias Operations
Receives acidho cloming sfffuent from UFP-VSL-000024/D.

This broakpat serves as 2 mpistare scparator for cjootod plant wash from PT vessels, The breskpot does
not sovurmlnie sy thid,

Nex-Rowttne Operafisas that Coald Affsst Corrosisn/Ervsisn

Reoviven slknitne cleaning effluecnt from UPP-VRL-00002A/8. Recelves plast wash from PWD-VEL-
00044, -
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PLANT ITEM MATERIAL SELECTION DATA SHEET

RDP-VSL-00002A/B/C (PTF)
Spent Resin Slurry Vessels

s Design Temperature (*F)max/min): 138730
Design Pressure (peig) (max/min): 15/FV
Location: incelf

PIM Discharge Velocity (fpa): 40

Tirive Cycle: 17% (at 40 £ps)

(SSUED b
HPPWTP PDC Associated Items

RDP-PIM-00001 -~ RDP-PIM-00012

LN B AR J

Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheets |

Options Considered:

s« Norma! operations include receipt, storage and iransfer of spent IX media

»  Slumy reccived conteing approximately 20 volume?% solids {not considered norrmal aperating condition)

o Off-normal conditions include the receipt of fresh resin overflow fiom system CRP and the receipt of un-eluted or off-spec Ca resin
to be retume for further elution

Materials Considered:
Material Relative Asteptable Unaceeptable
{UNS No.) Coat Material Materia!
Carbon Steel 023 . X
3041 (S30403) 00 X
3161 (531603) 18 X
6% Mo (N02367/N08928) 7.64 X
[ Alloy 32 (N0G022) 14 X
Th-2 {RS0400) 0.1 X

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

Recommended Corrosion Altowance: 0.040 inch (includes 0.024 inch corrosion allowance
and 0,016 inch general erosion allowance; localized protection
will be provided as necessary as discussed in section j)

Process & Operations Limitations:
o Develop fushing/rinsing procedure

Please note that source, special nuclear and byproduct mazesials, as
defined in the Atornic Energy Act of 1954 (AEA), are reguiated st the
U.S. Department of Encegy (DOE) facilities exclusively by DOE
acting punsuant to its AEA authority. DOE asserts, that pursuant to
the AEA, it bas sole and exclusive respomsibility srd authority o
regulate source, special nuclear, and byproduet puierials wt DOE-
owned nuclear facilities. Information contained herein on
radionuelides is provided for process description purposes only.
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Corrosion Considerations:

 RDP-VSL-00002A/B/C collect and transfer spent resin. ‘These vessels receive both transport liquid and spent resin slurry
streams. Normally the vessels operate at 100°F with a maximurm fluid temperature of | 13°F,

1 General Corrosion
Hamner (1981) lists a corroeion rate for 304 (and J4L) in 2 M HNO, of less than 2 mpy. Ms(lﬁ)smmdnmmmfw!ﬁhn
12% HNO, will be less than about T mmyy up to nbout 212°F.

In this system, the conditions are such that 304L stainless steel will be acceptable,

Conclusion:

Under normal conditions either 304 or 316L will be satisfactory.
b Pitting Corresion T "
While chloride is known to cause pitting in acid and neutral solutions, with no chloride present in repoctable concentrations, both 304L and
316L stainless steel arc acceptable.

The use of J04L or 3161 is acoeptable.

¢ End Grain Corrosior
End grain comosion only occurs in metal with exposed end graing and in highly exidizing scid conditions.

Conciusion:
Not expected in this system.

d Stress Corrosion Cracking

The exact smount of chloride required 10 cause siress corrosion cracking is unknown. In part this is because the smount varies with
temperature, motal sensitization, and the environment. But it {s also unknown because chloride tends to concentrate tmder heat ttansfer
conditions, by evaparation, and electrochemically during a carmosion process. Hence, even as little 83 & few ppm can lesd (o eracking under
some conditions, Generally, as seen in Sedriks (| 996) and Duvis {1987), chloride stress corrosion cracking does not usually occur below
sbout 140°F, During the norme! operations, either 304L or 3161 is expected to be satisfactory.

Conclusion:
At the normal operating environwnent, either 3041 or J16L is acceptable.

¢ Crevice Corrosion
Comments onder Pitting are gmenlly mphuble here. However, the one additional factor is the presence of resin beads. These will form
crevices 21 the wall could initiste crevice cormosion.

Conclusion:
The presence of resin incresses the probability of initiating crevice comosion. The more pitting resistant 316L is recommended

f Corrosion st Welds

Corrosion a2 welds is not congidered a problem in the proposed environment.
Conclusion:

Weld corrosion is not considered a problem for this system.

g Microbioclogically Indaced Carrosion (MIC)
MIC is not considered a problem in this system.

Conclusion:
‘Not a concern.

h Patigue/Corrosion Fatigne
Commation fatigue is not expecied to be a concern, The pressures encountered are 50 low and the sirength of the material is So comparatively
high thar corrosion fatigue is not » problem.

Conclusions
Not a concern.
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i Yaper Phase Corrozion
Not expected in this system.

Conclnsion:
Not considered to be a concem.

j Ercsion

Based on past experiments by Smith & Elrnore (1932), the solids are sofl snd erosion is not expected o be & concem for the vessel wail,
Based on 24590-WIP-RPT-M-04-0008, » generad erosion allowanoe of 0.016 inch is adequate for components with maxivmum solids
content up to 27.3 wi%. Additional 316L stainless sicel should be provided as localized protection for the applicable portions of the bottom
head to accommodate PIM discharge velocities of up to 12 m/s with normal raximum solids concentrations of 7.0 wi% snd maximun:
solids concentrations of 53 wi% with a usage of 19 % operation g3 documented in 24590-WTP-MOC-50-00004. Vessels RDP-VSL-
00002A/B/C require at least 0.060-inch additional protection. The 53 wt% is considered to be conservative, The fraction of time the solids
concentration is expected to be at maxinum is 1} %. During norma) operation, 90 % of the time, the solids content of RDP-VSL-
DOJ0ZA/BIC is expected 10 be 7.0 wikh. R
“The wear of the PJM nozzies can occor from flow for both the discharpe and reflood cycles of operation. At teast 0.038—inch of additional
316L stainless steel should be provided on the inne- surface of the PIM nozzle to sccommmodate wear due to PIM discharge and suction .
velocities with norma! solids concentrationa of 7.0 wi% and a maximum solids concentrations of 53 wi% with a usage of 19 % operation as
documented in 24590-WTP-MOC-50-00004,

Conclusion:
‘The recommended corroston allowance provides sufficiens protection for erosion of the vessel wall. Additional locatized protection for the
bottom head will sccommaodate PIM discharge veiceities and for the PIM nozzles will accommodste PIM discharge and reflood velocities.

K Galling of Maving Surfaces
Not applicable.

Conclusion:

Not applicable.

! Fretting/Wear

No contacting surfaces expected.

Conclusion:
Not applicable.

m Galvanic Corrnsion
No dissimilar metals are present.

Conclusion:
Not applicable.

n Cavitation
None expected.

Conclusion:
Not believed to be of concera.

o Creep
The temperstures are too low to be a concem.

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition
Vesscls normaily operats at low pH.

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

PROCESS CORROSION DATA SHEET
Gomponent(s) (NamaAD # Spent reain siurry vessel (RDP-VSL-00002 A/B/C) |

Spent resin dewsatering moisture separation vessel (RDP-VSL-00004)
Facliity PTE

In Black Cali? Yas (ROP-VSL-DO002A/B/C only) I
Chemicals Unit' | Contract Maximum Non-Routine (note 3} Notes
Lench No lsach Leach Ho Limah
uminam
hiorids o
luoride 2
g
le @ 465604 A85E04
_
Mate o
ury g
rbonate oM
ncissolved solids Wik
%MO«' P} | o
r a
%H _NIA 3
re 'F Note 2

List of Grganic Species:

obes:

1, Concertrations ks than 1x 107 do not nead 1 b spcitect fot values to two significant dijty mue.
100 *F to 113 *F [24560-PTR-MVC-RDP-0000t, Rev 0)

[3. pH approdmately 1

Assumptions:
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245%0-WTP-RPT-PR-04-0001, Rev. B
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4.10.1 Spent Resin Slurry Vessel (RDP-VSL-00002A/B/C)

Routine Qperations

“The spent resin slurry vessels (RDP-VSL-00002-A/B/C) are designed to collect and transfer a batch
of spent resin every week. The sysiem is capable of processing alternate batch types. After
commissioning, the time between spent resin batch transfers and the type of transfer will be
determined by operational expetience. The spent resin shurry vessels (RDP-VSL-00002-A/B/C) are

" 12,0 ft in dismeter and 19.8 ft in total height with 2 working volume of 7500 gal.

The spent resin slurry vessels (RDP-VSL-00002-A/B/C) receive both liquid and sharry streams.

These vessels, with associated piping and controls, serve as both the source of transport liquid and the
receipt vessels for spent resin slurry. Each vessel is designed to contain one full batch of ion
exchange resin pus the transport liquid associated with transferring the resin bed out of an IX
columm. The total working volume required for removing the spent resin from an IX colurmn is 7500
gallons per vessel (6900 gallons of transport fluid and 600 gallons of resin). During normal
operation, the vessels will contain approximately 8 % vol/vol solids, The solids content is greater
during the first few minutes of displacement when the incoming shurry line could be very high in
solids, but the high solids content is gradually diluted to 8 % vol/vol solids as the clear column
sequence is completed and the full batch of transport fluid is transferred. Nozzles will be included as

required for process feed streams, overflow lines, reagent addition, ventilation, and recycle return
lines,

Non-Routine Operations that Could Affect Carrosion/Erosion
None identified.
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RLD-VSL-00017-A/B (FTF)
Alkaline Effluent Vessels ISSUED BY
s Design Temperatore (°F)Xmax/min). 1B0/40 RPPWTP PDC

o Design Pressure (psig) (max/min): 157V
*  Location: out cell ]

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Operating Modes Considered:
«  Normal operating conditions ‘

Materials Considered:
Materiad Relative Acceptable Unaceeptable
(UNS No.) Cost Material Materis)
Carbon Steel 023 X
304L, (530403) 1.00 X
3161 (531603) LIE X
£% Mo (NDN36T/N0BG26) 64 X
Alloy 22 (NO6022) 1.4 X
Ti-2 {R50400) 10,10 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.08 inch (inciudes 0.024 inch corrosion
allowance and 0,004 inch erosion allowance)

Process & Operations Limitations:
s Develop rinsing/flushing procedure for acid or water.

Plegse note that source, special nuclesr end byproduct materials, as
defined ins the Atornic Energy Act of 1954 (AEA), arc regulated ax the
(.8, Department of Energy (DOE) facilities exclusively by DOE

[EXPIRESE 1207/07 |

acting parsuant to fis AEA authority. DOL asgerts, that pursuant ta
the ALA, ithas sole and exchusive responsibility and authority to
regulme source, special sutlear, and byproduct materinls st DOE-
owned nuclear Bacilities. Information contained herein on

radionuclides is provided for process description purpusea only. This bound document comleins & total of 7 sheety, |
-
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. Corrosion Considerations:

These vessels will normally receive caustic effluent from LVP-VSL-00003, spent reagents from CRP-VSL-0000! and
potentially active material from PWD-VSL-00046.

a General Carraslon

Hamner’s dats (1981) shows 8 oonos:on rate for 304 {and 3G41) in NaOH of less than 20 mpy (500 um'y) at 77°F and over 20 mpy at

122°F. He shows 316 (and 3161) has » rate of Jess than 2 mpy up 10 122°F and 50% NaOR, Dillon (2000) end Sedriks (1996) both state

that the 300 series shioys are acceptable in up tn 30% NaOH at tempetatures up 10 about 122°F or slightly above. Divine's work (1986) with
simulied-rdwaste evaporators, six months at 140°F, showed 3041 was slightly more rosistant to coryosion (<0.2 mpy) than was Jt6L

(<0.6 mpy); Ni 200, pure mickel, was much less resistant (=7 mpy) probably due 1o the complexants. Zapp (1998) notes that the Sevaninsh |
River evaporator vessels, operating 2t about 300°F, are made of 3041, and have suffered no filures in abous 30 vears: 3041 heat transfer
surfaces have failed however after about 10 years.

Davis (1994) states the corrasion rate for 3041 in pure NaOH will be icss than about 0.1 mpy op tn ahout 212°F though Sedriks {1996)
states the data beyond sbout 122°F are incomrect. Danielson and Pitman {2000), based on short term studies, suggest s corrosion ratg of
abyut 0.5 mpy for 316L in simulated waste at boiling, >212°F.

Ohl and Carlos {1994}, ity their review of the 242-A Evaporator, found in waste similar to that expected in LAW, the corrosion of 304L after |
about two years of operution at 140°F was kess than the sccepled variubility of the plate. Bocause of uncertainties in the starting thickness
of the metal, 8 review of the mw dats was inconclusive.

Uhlig (1948) has ahown that pure nickel is resistant to corragion by NaQH. However, a8 Divine (1 §86) pointed oul, the prosence of |
complexing agents may reverse the trend. Agarwal (2000) states that the higher nickel alioys, such as €-22, are highly corrosion resistant
though specific mention of alkaling media is not made. The geners! literature meinly discusses cracking problerms (see below) rather than
uniformn cormosion.

In these vessels, the kydroxide concontration will be significantly lower ax is the temperature; thus, the corrasion rates will be smaller.

Conclusion:

Al temperatures less thon sbuut 140°F, 3041 or 1161 are expected to be sufficiently resistant to the waste sclution with a prohable gencral
corrosion rete of less than | mpy. Based on the Savennah River expenience with Hamford-like waste at higher tomperatures, 3L is
expected tn be satisfactory to 180°F, Rinsing procedure should be developed to minimize effects of acid in the presence of fluoride. A
0.08 inch comrosica allowance is recommended 10 conmpensate for the possibility of Tigh Tuoride concentrutions in acid conditions.

b Pittiog Corroslon

Chloride i knuwn to cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alkaline solutions, pH>12, chlorides

arc likely to promote pitting only in ﬁgh! creviees. Lhllon and Xoch {1995) are of the opinion that fluoride wil] have little effect. Jenkins
(1998) has stated that Jocalized corrosion ¢an eccur ynder the deposits on tubes, probably due to the chlorides. Further, Revie (2000) and
Uhlig (1948) note that nitrates inhibit chlocide pitting. Wilding and Paige (1976) note I.hl nitric acid inhibits chloride sttuck thotgh their I
data arc at higher femperatures and concentrations.

Conclusion:
Locslized corresion, such as pitting, is not expecicd to he a concem 2t the norrnal aperating conditions. 304L is satisfactory.

¢ End Gran Corrosion
End grain corrosion only oceurs in metal with exposed end graing and in highly oxidizing acid conditions.

Conclusion: Not applicable to this system.

d Stress Corresion Cracking

The eanct mmoiunl of thivride required 1o cause stress corrosion cracking is unknown. In part this is because the amount varies with
temperuture, meta] sensitization, and the envirorment, But it is als unknown because chloride tends to concentrate under heat transfer
conditions, by evaporation, and electrochemically during a corrosion process. Hence, even as liile as 10 ppm can Jead o cracking under
sorne conditions, {renerally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually occur below about
140°F. The "L" grades are also more resistant to cracking than the higher carbon versions. If the concentrations ane ag smated, stress
corrosion cracking wall be minimized.

Conclusion:
Because of the normel operating environment 3041 stuinlesy steel is expected to be screptsble cven to 180 °F.

£ Crevies Corvoshon
For the roost part, the pitling discussion covers this arca.

Conclusion:
Scc Pitting
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{ Cosrosion at Weida
Corroeion at welds is not considcred a problem in the proposcd environment.

Canclusion:
Weld corrasion is not considered a problem for this system.

3 M:cmblolug:cally Induced Corrosion (N.llq
The proposed operating temperatuses are slightly high for microbial growth. Additionally, the location of the system in the process suggem
little chance of the introduction of micrubes.

Conclusion:
MIC: is not expected o be 2 prohiem.

b Fatigue/Corrosion Fatigne
Corrosion fatigue is nol expected to be g problem in this vessel.

Conclusions
Nat considered 1o be a problem.
i Vapor Phase (‘;orrmhn

The vapor phase portion of the vesse] will be spattered with solution and pitting or crevice corresion may be 2 concern, A rinsing procedurc
should be developed to minimize the formation of depasits.

Conclusion;
Provided deposits are nol sllowed o remain, vapur phase corresion is not a concemn,

] Erosion

Velocities are expected to be Jow. Erosion allowance of 0,004 inch for compenents with low solids content (<2 wite) sl !aw velncities is
based on 24590-WTP-RPT-M-04-0008,

Concluvion:
Not expected to be & concern.

k Galling of Moving Suriaces
Not applicahle.

Conclusion:
Not applicoble.

I Fretitng/Wear
Not expected 10 be applicable,

Conclusion:
Not a concern.

m Galvanic Corrosion
For the environment and the proposed alloys, there is not believed to be a concem.

Conclusion.
Not a concem,

» Cavhation
None expected.

Conchuion:
Not believed W be of soncem.

o Crsep
The wmperatures are too low to be & concemn.

Conclusion:
Not applicable.
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p Ieadverient Nitric Acld Additien

Higher chlaride contents and higher temperatures usually require higher alloy materisls. Nitrate ions inhibit the pitting and erevice cormsion
of stainicss alloys. Furthermore, nitrie seid passivates these alloys; therefore, Jower pH valucs brought about by increases in the nitric zcid
content of process fluid will not cause higher corrosion rates For these alloys. The upset condition that wag most likely to occur is lowering
of the pH of the vesse! content by inadvertent addition of 0.5 M nitric acid. Lowering of pH may meke a chloride-containing solution more
likely to cause pitting of stainless alloys, Ineressing the nilrke acid content of the process Ruid adds mave 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 Hluid.

Conclusion:
‘The recommended maierials will be able to withstand a plausible inadvertent addition of 0.3 M nitric acid for a limited period.
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PRCCESS CORROSION DATA SHEET
Comiponent(s} {NamelD #) Akaline efluent vessel (RLD-VSL-00017A/B)

Facility PYF
In Black Cell?

Chemicals _ Contract Maximum Non-Routine Notes

Lench No lnach Loach No Laach

Aluminum
Chioride
Flucride
fron
Nitrete
Nitrite
Phosphate
Sulfate
oot
nate

lundissolved solids

Iomer [NAMRO4, PB,...}
Othar

[eH -
[Temperaty

8.166-P1 1.7GEH0
2.006+00 4 55E+00

3.826+00 7.80E+00

Nole 3
MNote 2

-.r,ﬂg!gi{grssTs (311 310

'List of Organic Species:

Notes:

1, Coneanirabions isee than 12 107 i da Nl nesd 10 D8 repaned; it values i twn Tignlicars mighs e,

2. T nomnsl cperalion 3% °F 10 125°F, noming? H11 °F (M4590-PTR-MVC-RLD-D00D4, Rev 0); could recohve CaUEC 3endibor burge non routinely of 128 °F
3, pH approximetely 13 fo 15

ssumptions:
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4.11.2 Alkaline Effluent Vessel (RLD-VSL-00017 A/B)

Routine Operations
During normal operations, RLD-VSL-00017A will receive the following feeds:

L

Caustic effluent from caustic collection vessel LVP-VSL-00001
Caustic effluent from a future caustic collection vessel

Spent reagents from CRP-VSL-00001

Potentially active material from the C3 drain vessel PWD-VSL-00046

Non-Routine Operations that Could Affect Corrosion/Erosion
During non-routine operations, RLD-VSL-00017A/B will receive the following feeds:

Process condensate area sump RLD-SUMP-00003
PWD-VSL-60045 contents that do not meet BOF transfer criteria

Overflow from reagent vessels (from floor berms of SHR-TK-00008, DIW-TK-00001/SHR-TK-
00001, and NAR-TK-00007)

Potentially active material from non-radioactive liquid effluent tank in BOF (NLD-TK-00001)
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TCP-VSL-00001 (PTF)

Treated LAW Concentrate Storage Vessel

¢ Design Temperature (*F)(max/min): 237/40

L N B

Design Pressure (psig) (max/min): 15/8
Location: incell
PIM Discharge Velocity (fps): 40
Drive Cycle: 17 % (a1 40 fps)

0L L
R10864300

Offspring items--
TCP-PIM-00001 ~ TCP-PIM-0000%

ISSUED iy

PPDG

Contents of this document are Dangerouns Waste Permit affecting

Operating conditions are as stated on sheets 6 and 7

Operating Modes Consldered:
s Normel operating conditions

Materials Considered:
Materisl Relative Acceptable Unacceptable
{UNS No) Cont_ . Material Materis
Carbon Steel 0.23 X
3041 (530403} 1.00 X
3161 (S31603) _ 1.18 X
6% Mo (NOS36T/NORI26) 7.64 X
Alloy 22 (N06022) 11.4 X
Ti<2 {R50400) 10.1 X

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

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corresion allowance and
0.016 inch general erogion allowance; additional localized
protection is required as discussed in section J)

Process & Operations Limitations:
s ' Develop flushingirinsing procedure for acid and water

Please note that saurce, special nuclear and byproduct mrateriels, as
defined in the Atomic Energry Act of 1954 (AEA), 2re reguisted at the
US. Deparmment of Energy {DOE) fucilities excluively by DOE
ecting pursuant to its AEA authority. DOE asserts, that pursusnt 1o
the AEA, it has solc and exclusive responsibility and authority to
regulate source, special ninclear, and byproduct marerials st DOE-

owned nuclear facilities. Information contained herein on

[EXPIRES: 1oRI7/07 |

radionuclides is provided for process description purposes only. a This bound document contains a total of 7 sheets,
T o] _mrormnsve | (U | | it
[ 1/13/05 Issued for Permitting Use LA APR MWH_
0 9/25/03 Issued for Permitting Use DLA JRD APR
REY | DATE REASON FOR REVISION PREPARER CHECKER AFPROVER
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Corrosion Considerations:

This vessel receives a continuous feed from the treated LAW evaporator separator vessel. LAW concentrate is
normally received at 122°F. Vessel is equipped with a steam injection system to maintain fluid temperature
above the freezing point (77 to 100°F). TCP-VSL-00001 may also reccive treated LAW from CXP-VSL-
00026A/B/C or treated solids from UFP-VSL-00002A/B. This is expected to be an infrequent occurrence.

a Geaneral Corrosion

Based on Hamner's data (1981), 304 (and 304L) has a corrosion rate of less than 20 mpy (500 pm/y) in NaOH at 77°F and

over 20 mpy at 122°F. He shows 316 (and 3161) has a rate of less than 2 mpy in 50% NaOH at up to 122°F. 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,

Davis (1994) is more precise and stetes the: corrosion rate for 3041, in NaOH will be iess than about 0.1 mpy; Danielson &
Pitman (2000), based on short tenm studies, suggest a corrosion rate of about 0.5 mpy for 316L in simulated LAW. These

twa references therefore corroborate Dillon and Sedriks. In addition, Divine (1992) showed that 304L corroded less than |
316L in simulated complexant waste with fluorides and chlorides at 140°F, The corrosion rate of 3041 after six months of
testing was less than 0.2 mipy.

Ohl & Carlos (1994), in their review of the 242-A Evaporator, found that in waste similar to that expected in WTP, including l
the presence of radiation, the comosion, of 304L afier about 2 years of operation was Iess than the accepted variability of

the plate. The NDE data are sufficiently uncertain to prevent definite conclusions from being drawn. Hawever, a review

by Zapp (1998) of the Savannah River evaporators showed the 304L shell had not been replaced after over 30 years of |
operation despite failure of the 304L evaporatar tubes {which operate at higher temperature than the shell).

Conclusion:
At stated temperatures, 3041 and 3161, are expected to be sufficiently resistant to the waste solution with 2 probable
general corrosion rate of less than 1 mpy.

b Pitting Corrosion

Chloride is well known for causing pitting ir acid and nemml sclutions. Dillon (2000) is of the opinion that in alkaline
solutions, pH>12, chlorides are likely to promote pitting only in tight crevices. It is his opinion that 304%, would probably
be acceptable, but the use of 316L and especially a 6% Mo alioy would provide a benefit because of their better resistance to
pitting by chlorides. Davis (1994) recommends the use of 316L over 304L. Dilion and Koch (1995) are of the opinion that
fluoride will have little effect. In addition, Divine's work (1992) showed no hint of pitting after six months at 140°F under
boiling heat transfer conditions. - Revie (2000} notea that nitrate inhibits ch!onde corrosion. Therefore, the high nitrate
concentrations in the waste are expected to be beneficial.

The apparent lack of pitting in the 242-A Evaporator suggests 3ML is acceptable for the vessel. Based on Divine's
work (1992), which was conducted in boiling waste at a bulk temperature of 140°F, 304L should be acceptable. _

The vessel is equipped with wash rings cepeble of supplying water or acid. There is a possibility of neutral to agid
conditions with halides present. Therefore, 3161 is better than 304L.

Conclusion:
316L is recommended.

¢ End Grain Corrosion
End grain corrosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions. This system is
alkaline except possibly during cleaning. The temperature during cleaning must not be above 122°F,

Conclusion;
Not applicable 1o this system.

d Stresy Corvosion Cracking
Several sources of cracking are present in this system: chloride and sodium hydrexide, both of whnch causc stress corrosion
cracking of stzinless steel.

The exact amount of chloride required to stress corrosion crack stainless steel is unknown. In part this is because the

amount varies with temperature, metal sensitization, and the environment and also becanse chloride tervds to concentrate
under heat transfer conditions, by evaporation, and electrochemically during a comesion process. Hence, even as little as
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10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks {1996) and Davis (£987), stress
corrosion ¢racking does not usually occur below about 140°F. Further, the use of "L" grade stainless reduces the
opportunity for sensitization. From the above references, it also obscrved that alialine conditions reduce the probability of
the initiation of siress corrosion cracking to essentially zero. However, shoukd a pit or crevice, including a deposit, be
present inder which the environment can become acid, then the alksline environment will no ionger have an effect.

Caustic cracking, according to Jones (1992), is not expected to occur below about 140°F for stainiess steel. Zapp (1598)
suggests cracking in waste is ot a concemn below about 280°F.

Conclusion:
316L is recommended to offer greater protection against pitting and thercfore reduce the likelihood of cracking,

e Crevice Corrosion
Essentially the same comments and conclusions obtained for pitting are valid here.

Conclusion:
Same as for pitting.

{ Corrosion at Welds
Corrosion at welds is not considered a probiem in the proposed environment.

Conclusion:
Corrosion et welds in the vessel is not a concemn.

¢ Microblologically Induced Corrosion (MIC) .
MIC typically is not prevalent in high pH solutions. Barenstein (1988) states most microbes prefer a pH below 7 though
some have been grown at above 9.5. Further, microbial growth is normally not a concern in tanks.

Conclusion:
MIC is not expected to be a concern in the vessels.

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

Conclusions:
Not a concem,

i Vapor Phase Corroslon

Because of the highly alkaline conditions, no free HF or HC is expected to be present in the vapor phase and no
uniform/gencral corrosion is expected. A rinsing procedure should be developed to prevent formation of deposits. The
nitrate and hydroxide in the waste are also present in any deposits and should minimize pitting.

Conclusion:
General corrosion will not be a concern. Use of 316 is recorsmended as more pitting-resistant.

] Eroston .

Based on past experiments by Smith & Elmore (1992). the solids are soft and crosion is not expected 1o be 2 concen for the vessel wall.

Based on 24550-WTP-RPT-M-04-0008, a general erosion allowance of 0.016 inch is adequate for components with maximum sokids

content up lo 27.3 wi%. Additional 316L stainless steel should be provided as localized protection for the applicable portions of the bottom
head to accommodate PIM discharge velocities of uwp to 12 s with norms] maximum solids concentrations of 3.4 wi and maximum

solids concentrations of 20 wi% with & usage of 77 % operation a3 documented in 24590-WTP-MOC-50-00004. TCP-VSL-0000] requires |
at least 0.164-inch additional protection. The 20 wi% is considered to be conservative. The fraction of time the solids concentration is
expected 10 be at maximum is 10 %. During normal operation, 90 % of the time, the solids content of TCP-VSL-0D001 is expected to be

3.4 wi%.
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‘The wear of the PYM noxzies can occur from flow for both the discharge and reflood cycies of aperation. At leaat 0.113-inch of additional
3161 steinless steel should be provided on the inner suaface of the PIM nozzle to accommodate wear due to PIM discharge and suction
veloritics with normat solids concentrations of 3.4 wt% snd a maximurn solids concentration of 20 wi% with a.usage of 77 % operation a4
documented in 24350-WTP-MOC-30-00004.

The recammended corrosion allpwance provides sufficient protection fot erosion of the vessel wall, Additianal locatized protection for the
bottor head will accommodate PJM discharge velocities and for the PIM nozzles will accommodate PIM discharge and reflood velocities.

k Galling of Moving Surfaces
There are no imoving surfaces within the vessels,

Conclusion:
Galling is of no concem in these vessels.

1Fretting/Wear
There are a0 contacting surfaces that arc part of the vesse).

Conclusion:
Fretting end wear are not of concer.

m Galvanic Corrosion
The vessel containg no dissimilar metals.

Conclusion:
Galvanic corrogion is not a concern.

u Cavitation
None expected.

Conclusion:
Cavitation is not a concem.

o Creep
Creep is a high temperature phenomenon, eccurring at greater than sbout 932°F.

Conclusion:
Creep is of negligible concern.

p Inadvertent Nitric Acld Addition

Higher chioride contents ind higher temperatures usually require highes alloy materials. Nitrate jons inhibit the pitting and
crevice corrosion of stainless alloys. Furthermore, nitric acid passivates these atloys; therefore, lower pH vakies brought
about by increases in the nitric acid content of process fluid will not cause higher corrasion rates far these alloys, The upsct
condition that wes most likely to occur is lowering of the pH of the vessel content by inadvertent addition of 0.5 M nitric
acid. Lowering of pH may make a chloride-containing sohetion more likely to cause pitting of stainless alloys, Increasing the
nitric acid content of the process fluid adds moze of the pitting-inhibiting nitrate ion to the process fiuid. In addition, adding
the nitric acid solution to the stream will dilute the chloride content of the process fluid.

Conclusion:

‘The recommrended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited
period.
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

_ PROCESS CORROSION DATA SHEET |
Component(s) (Nm\;nb #)  Tremted LAW concenirale storage vessel (TCPA-VSL-00001)_

Facility PTF
In Black Cell? TN
Chamicals Unit' | Coniract Madmunm Non-Routine Notes
Ceach Ho lemch Lench NoLeech .
uminum 5,080 356404 -
Chioride g 186201 208401
o 1.8E01 206401
ron -] 286400 296400
e o 27E+02 296402
ltrite gt 8.2E01 8,65+01
hosphate o 5.9E+01 8.35+01
ot 11640 34E+D1
® §.02.01 3.1E02
b- 13 1.3€+02 1.1E202
ndisatived solids w%
?@Mﬂr-i "
-}
: WA Not 3
Tomporatire F Neta 2
t of Otganic Species:

1. Concentratfons trss than Tx 1091 do notneed tn be reported: tist vales to two sigrificant digies mae.
. T nonngl operstion 122 *F 1o 150 °F (24590-PTF-MVC-TCP00001, Rav 0)
. pH sy prnirmutely Y20 14

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

4.12,1 Treated LAW Concentrate Storage Vessel (TCP-VSL-00001)

Routine Operations

The treated LAW concentrate storage vessel (TCP-VSL-00001) is designed to receive a contingous .
feed from the treated LAW evaporator separator vessel (TLP-SEP-00001). The treated LAW
concentrate is then transferred in batches to the LAW vitrification facility, as required for continuous
glass production, A batch transfer (~9300 gal) will be required each time one of the concentrate
receipt vesseis (LCP-VSL-00001/2) in the LAW vitrification facility is empty. Capability is also
maintained to transfer to a future LAW vitrification facility, per WTP contract requirements (DOE
2000). The batch transfer frequency may fluctuate, as it is based on 2 design feed rate of LAW fluid
to the glass melters. The treated LAW concentrate storage vessel (TCP-VSL-00001) is designed to
provide 7 days of lag storage in the event that the PT facility is not able to provide concentrate feed.
The lag storage batch volume is based on the average treated LAW rate needed to support ILAW
glass production of 80 t/day.

The normal influent temperature of the LAW concentrate is 122 °F. TCP-VSL-00001 is equipped

with a high-pressure steam injection system (109 psig and 343 °F from the Basis of Design, 24590-
WTP-DB-ENG-01-001) to maintain fluid temperature above the freezing point (77 10 100 °F),
depending on envelope being processed. This is approximately the point st which crystallization or '
precipitation of solids occurs. Should solids form, or be transferred to TCP-VSL-00001, PIMsare . |
available to aid in the suspension of particles and homogenize the LAW concentrate for transfer,

Wash rings and a high-pressure steam ejector system are installed for cleaning or decontamination of

the vesse! and internals. TCP-VSL-00001 vents to a scrubber, PYP-SCB-00002, via a collection

header.

The PIMs in TCP-VSL-00001 will be operated to suspend solids and maintain a homogeneous
mixture, They can be active as long a3 the liguid level in the vessel is above the PTM low-level
setpoint. :

Non-Reutine Operations that Could Affect Corrosion/Erosion

TCP-VSL-00001 may also receive treated LAW from the IX treated LAW collection vessels (CXP-
V8L-00026-A/B/C), bypassing the treated LAW evaporator system. Under infrequent operating
conditions, treated solids from the ultrafiltration feed vessels (UFP-VSL-00002A/B) may also be
blended with the treated LAW concentrate in TCP-VSL-00001 if the solids meet the specifications
for LAW vitrification.

This is not expected to occur very often and requires a jumper, not normally instailed, on the provided |
transfer line.  ~
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1 L
R10684974
Offspring items
*»  Design Tempersture (“F)(mx’r_:in‘w): 192440 SSUED BY TLP-PIM.00001 — TLP-PIM-00016
Design Pv::;ucr; {psig) (max/min): 15/-8 Poc

PIM Discharge Velacity (fps): 40
Drve Cycle: 25% (at 40 fps)

TLP-VSL-00009A&B, (PT¥)
LAW SBS Condensate Receipt Vessels

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet

Operating Modes Considered:
e  Normal operating conditions at the stated temperature
Materials Considered:
Material Relative Acceptable Unacceptable
(UNS No) Cost Materia) Material
Carbon Stee] L] - X_
3041, (S30403) 0 X
316L (S31603) 18 X
6% Mo (NOEI67/NOBS26) 1.64 X
Alloy 22 (NO6022) 114 X
752 (R30400) 10.1 X

Recommended Material: UNS NOB367 or N08926

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance;
localized protection is required as discussed in section j)

Process & Operations Limitations:
s None

Pleasc note that source, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated ot the
U.S. Department of Energy (DOE) facilittes exclusively by DOE
acting pursuant to its AEA authority. DOE asserts, that pursuant to
the AEA, 11 has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct raterialy at DOE-
owned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only.

EXPIRES: 1210710

This bound document contains & total of 6 sheets,

VA :
2 ig ﬁf/‘,‘ Issued for Permitting Use w/ b M
i 1/6/05 Issued for Permitting Use ~DLA DA for JRD SWV
0 324/04 Issued for Permitting Use DLA JRD AFPR
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Corrosion Considerations:

These vessels receive LAW SBS vitrification efftuent and effluents recycles from pretreatment including streams from
RLD-VSL-00005, RLD-TK-00006A/B, RLD-VSL-00017A/B, and TCP-VSL-00001. 5 M NaOH is used to adjust the pH as
peeded. Vessels could also receive non-routinely pretreatrnent off-specification effluents. Wash rings are available,
Emptying ejectors, located external to the vessel, are available for emptying vessel heel.

2 General Cosrosion
The solution is nevtral to slightly alkaline pH. According to Hamner (1981} and others, the uniform comosion ate of 3041 and higher
alloys at the stated operating temperatures is small, <1 mpy,

Conclusion:
If the temiperature resmains in the stated operating conditions and the environment remaing allcaling, 3041 would be satisfactory.

b Pitting Corrosion
Chloride i kmown to cause pitting in acid and neutral solutions. Diflon {2000) is of the npmnon that in alkaline solutions, pH>12, chlorides
are hikely to promote pitting only in nghtlctmccs Dillon and Koch (1995) are. of the opinion that fluoride will have little effect.

Based on the data of Phuli (2000) and others, 10,000 ppm chloride at 190°F and at neutrz] pH requires at least a 6% Mo alloy,

Conclusion:

Localized corrosion, sucbaspathng.lscormnnmdwouldbenwncmfunhﬂﬂﬂsmammleumlsmthﬂncxpuﬂndhﬂldckvﬂs.
Under these conditions, 6% Mo alloy or better is required.

¢ End Graln Corrosion
End grain corrosion only occurs in metal with exposed end grains and m highly oxidizing acid conditions.

Conciusion:
Not applicable to this system.

d Stress Corrosion Cracking

The exact amount of chloride required to cause stress corrosion cracking is unknown. In part thig is because the amount varies with
temperature, mete] sensitization, and the envirorment. But it is 2lso unknown because chloride tends to concentrate under heat tranufer
conditions, bry evaporation, and electrochemically during a corrosion process. Hence, even as little as 10 ppm can lead to cracking under
some conditions. At the stated halide concentration and normal temperatures, a 6% Mo ziloy is required. .

Conclusion:
Brecausc of the normal operating environment 316L stainless steel is not expected 1o be acceptable. A 6% Mo is recommended.

¢ Crevice Corrosion
The pitting discussion covers this arca.

Conclusion:

See Pitting

f Corroston at Welds

Corrosion at weids 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 temperatures are suitable for microbial growth but, additionally, the Jocation of the system in the process suggests
Tittls chance of the introduction of microbes unless mtroduced by the plant wash system.

Conclusion:
MIC is not expecied to be a problem.

b Fatigue/Corrosion Fatigne
Cortrosion fatigue is not expected to be a problem in this vessel.

Conclusions
Not considered to be a problem.
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i Vapor Phase Corresion _
The vapor phase portion of the vessel will be spattered with solution and may not be thoroughly rinsed and pitting or crevice corrosion may
be o concern. A tore resistant 6% Mo alloy is recornmended,

Conclusion:
See Pitting.

Erosion .
anscdmpast experiments by Smith & Elmore (1992), the solids are soft and erosion is not expecied to be 4 concern for the vessel wall,
Based on 24590-WTP-RPT-M-04-0008, a geners] erosion allowance of 0.016 inch is adequate for components with maxirmum solids
content up to 27.3 wi%. Additional 6% Mo alloy should be provided as localized protection for the appliczble portions of the botiom head
to accormnodate PIM discharge velocities of up to 12 m/s with solids concentrations of 3.4 wt% for a usage of 30 % operation a5
doctmented in 24550-WTP-MOE-50-00003. The vesscls require at least 0.056-inch additional protection. The 3.4 w1 s considered 1o be
conservative and is based on the WTP Prime Contract maximum. During normal operation, the solids content of the vessels is expected to
be well below the anticipated maximann,

‘The wear of the PJM nozzles can occur from flow for both the discharge and reflood cycles of operation. At keast 0.036 inch of additional
6% Mo alloy should be provided on the inner surface of the PJM nozzle to accommodate wear due to PIM discharge and suction velocities
with solids concentrabions of 3.4 wit%% for a usage of 30 % operation as documented in 24590-WTP-MOE-50-00003.

Conclusion:
The recormmended corrosion allowance provides sufficient protection for erosion of the vessel wall. Additional Jocalized protection for the
botiom head will accommiodate PIM discharge velocities and for the PYM nozzles will accommodate PIM discharge and reflood velocities.

k Galling of Moving Surfaces
Not applicable.

- Conclusion:
Not spplicable.

1 Freteing/Wear
Not expected to be applicable.

Conclusion:
Nota concern.

m Galvaale Corroslon
For the tnvironment and the proposed alloys, this is not belicved 10 be a concemn.

‘Conr:lusiou:
Not 2 concern.

n Cavitation
None expected.

Conclusion:
Not believed to be of concern.

o Creep ’
The tempemtures are oo low to be 2 concem.

Conclusion:
Not applicable.

p Inndvertent Nitrie Acid Addition

Higher chlonde contents and higher temperatures usually require higher alloy matenals, Nitrate ions inhibit the pitting and crevice comosion
of stainjess alloys. Furthermore, nitric acid passivates these alloys; therefore, lower pH values brought about by increases in the nitrie acid
content of process flirid will not cavze higher corrosion ratzs for these alloys. The upset condition that was most likely to oceur is lowering
of the pH of the vessel content by inadvertent addition of 0.5 M nitric acid. Lowering of pH may make a chloride-containing solution more
likely to cause pitting of stainless alloys. Increasing the mitric acid content of the process fluid adds rmore of the pitting-inhibiting nitrate jon
to the process fluid. T addition, adding the nitrc at1d solution to the streamn will dilute the chioride content of the process fluid.

Conclusion:
The recommended materials will be sble to withstand a plausible inadvertent addition of 0.5 M nitric acid for a Timited period.
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PROCESS CORROSION DATA SHEET
Componantis) (NemaD#)  LAW SBS condensate receipt vesse! (T1 P-VSL-O0C0SA/B)

Facility PTF
In Black Cefl? Yes
Unit’ Cortract Maximum Non-Rottine Notes
Teoch o 1oach Loach o Leach
on 4 08E-02 410E.02
g 60600 106E201
_pn 2126400 2 33E+00
N 208502 20E02
on 4 08601 345E01
a
gt
g 7 $2E.01 289E-02
g
wi%
g
0
NA Note 3
i Note 2

Notes: -
Concentrabons bess than 1x 107 g% do not need ko be reported, hat vahwes to e sigraficant thoks e
T nonrmal pperatan 113 F (34580-FTF-MVC-TLP-00001, Re 0)
pH sppnxamately 68 B

o 5M NaOH can be added to thess vessels

FAssunpﬁonm
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4.13.5 LAW SBS Condensate Receipt Vessel (TLP-VSL-00009 A/B)

Routine Operations

The two LAW SBS condensate receipt vessels (TLP-VSL-00009A/B), each with a batch volume of |
80,000 gallons, receive LAW SBS vitrification effluent and effluents recycled from pretreatment.
These streams include the following:

e LAW SBS condensate from the vitrification SBS condensate vessel (RLD-VSL-00005) -
¢ Offspecification effluent from the process condensate tanks (RLD-TK-00006A/B)
s Off-specification effluent from the alkaline effluent vessels (RLD-VSL-00017A/B)

» Treated LAW concentrate recycle from the treated LAW concentrate storage vessel (TCP-VSL-
00001)

LAW SBS condensate is transferred from the LAW vitrification facility to the PT facility through a
pipeline installed within an underground trench.

The receipt vessels will alternate duty. One vessel receives LAW SBS condensate, any recycles, and
adds 5 M caustic (NaOH) to adjust the pH as needed. A remote sampling point on the LAW SBS
evaporator feed line is used to sample for pH and determine necessary adjustments. The second
vessel will feed the evaporator system using the variable-speed LAW.SBS condensate feed punips
{TLP-PMP-00005A/B), which are controlled by level indication in the separator vessel. The vessels
will switch duties as needed/available to keep 2 continuous feed flow to the evaporator.,

Each vessel is equipped with PYMs that blend and maintain solids suspension in the waste.
Non-Rontine Oﬁeraﬁons that Could Affect Corrosion/Erosion

Under infrequent conditions receives pretreatment off-specification effluents, The two receipt vessels
(TLP-VSL-00009A/B) will overflow to the ultimate overflow vessel (PWD-VSL-00033). For
purposes of decontamination, each vessel is equipped with wash rings.
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 TLP-SEP-00001 (PTF) |
Treated LAW Evaporator Separator Vessel - L L
*  Design Temperatore (°F)(max/min): 175/49 . R10686693

¢ Design Pressure (psig) (internal/external): 50/14.7 ISSUED BY
e Location: incelf | RPPWTP PDC

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet |

Options Considered:
*  Normzl operating conditions
= The vessel wilf be cleaned using 2 N HNO; with residual chlorides and fluorides at reduced tempesatures

Materials Considered:

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

Carhon Steel 0.23 X

3041 (§30403) 1.00 X i

3161 (§31663) 11§ X

6% Mc (NO8367/N08926) 7.64 X

Alloy 72 (N06G22) 114 X

Ti-2 (R50400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:

s Develop rinstng/flushing procedure for acid and water

Please note that source, speciel nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are regulated at -
the VLS. Department of Energy (DOE) facitities exclusively by DOE
acting pursuant to its AEA authority. DOE asserts, that pursuant o
the AEA, it has sole and exclusive responsibility and ambority to
Tegulate source, special nuclear, end byprodoct materials at DOE~
owned nuclear facilities. Informuation contained herein on

radionuclides is provided for process description purposes only. This bound documnent contains & ot} of 7 sheets.
Issued for Permitting Use 4 (]
3 ‘/2‘/0‘1 Rev 2 revision bars remain for @/ /é}’ W
clarity
2 6/14/06 Issued for Permitting Use DLA HMK SWV
1 1/4/04 Issued for Permitting Use DLA JRD APR
] 3/24/04 Issued for Permitting Use DLA JRD - APR
REV DATE REASON FOR REVISION PREPARER CHECKER AFPPROVER
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Corrosion Considerations:

a General Corrusion

The vessel has a normal aperating teriperature of 122°F. According to Hlamner (1981}, 304 (and 304L) has a corrosion rate of less than 20 mpy
(500 pmvy) at 77°F and over 20 mpy in NaOH at 122°F. He shows 316 (and 316L) has a rate of less then 2 mpy up to 1229F and 50% N2OH.
These data are qualified by Dillon {2000) and Sedriks (1996 Who both state that the 300 sevies are scceptable in up to 50% NaOH st |
temnperatures up to sbout 122°F. Davig (1594) states the corrosion rate for 304L will be less than sbout 0.1 mapy at these termperatires, Based on
short term studjes, Damielson & Pitman (2000), suggest 2 corrosion rate of about 0.5 mpy for 316L in simmlated waste at 122°F. Zapp's

report (1998) notes the suceessful use of 304L as the shell of the Ssvammah River evaporators,

Uhtig (1948) has shown that pure nickel is more resistunt to corosion by NaOH than stainless steel. However, as Divine pointed out (1986), the |
presence of complexing agents [part of the total organic carban (TOC) measured) may reverse the trend. Agareral {2000) states that the higher
nickel alloys are highly corrosion resistant though specific mention of alkaline media is not made. Their high nickel content is a positive feature.
The general literature roainly discusses cracking problems {see below) rather than uniform corrosion.

Oht & Carlos (1954), in their review of the 242-A Evaparator, found that after about 2 years of operation in waste similar to LAW, the corrosion |
of 304L was Jess than the accepted variability of the plate. Thus, the NDE data are sufficiently imcertain to prevent definite conclusions from
being drawn. ‘

Wilding and Paige (1976) have shown that it 5% nitric acid with 1000 ppm flucride at 290°F, the corrosion rate of 3041 can be kept 25 low as f
S mpy by the use of AI'". Additionally, Sedriks (1996) bus noted with 10% (=2N) nitric acid and 3,000 ppm fluotide at 158°F, the corrosion
raie of 304L. is over 4,000 mpy. Thercfore, there is & concem about excessive corrosion rates during acid cleaning tnless the fluoride is well
inkibited, The use of acid cleaning winle operating at higher temperatures would require the use of 2 6% Mo alloy. Keeping the vessel 2s cool

a8 possible would reduce the extent of attack by chloride (pitting and crevice cotrosion) and, with the addition of AT, peneral corrusion due to
fluoride. 304L will be switable if properly protected by temperature and fluccide complexants such as A,

Conclusion:
At temperatures less than 140°F, 3041 or 316L arc expected to be sufficicntly resistant to the waste sohstion With a probable genersi corrosion
rate of Jess than 1 mpy. The Savannah River work suggests they will be acceptible to higher temperatures in waste, ) ‘

b Pitting Corroesion ) R .
Chtaride is notorious for causing pilting in aeid aud neutral solutions. Dillon {2000) is of the opinion that in alkeline solutions, pH>12, chlorides
are likely to promote pitting cnly in tight crevices. Dillon and Koch (1995) is of the opinicon that fluoride will have little effect,

Revic (2000) and Uhlig (1948) both note nitrate inhibits chluride coiesion. “Therefore the high nitrate concentrations in the LAW are expected
to be beneficial. The 18,000 - 20,000 ppm chloridiz concentration wifl mean residual chloride is present during acid cleaning.

The apparent lack of pitting in the 242-A Evaporator suggests 304L is acceptable 2t the design conditions - < 140°F. Zapp (1998) confirms the |
* pood bebavior of 304L in the shell. The 304L shelf of the evaporaor at Savarmah River has performed successfully for approximately 30 years,

Conclusion:

Localized corrasion, such as pitting, is cormmon bui probably can be mitigated by atloys with bigher nickel and molybdenum contents even under
heat transfer conditions or where deposits can form. Based on Savannab River data, the vessel is expected to be free of significant corrosion and
can he constructed of 3041, Rinsing/flushing procedure will be developed to ¢liminate concern durning acid cleaning,

< End Graip Corrosion _ :
End grain cormosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion:
Not appliczble to this system.

d Stress Corroslen Cracking

The exact amount of chloride required to stress corresion crack stainless steel is unknown. In part this is becavse the amount varies with
{ernperature, meta] scnsitization, and the environment and because chiaride tends to cancentrate under heat transfer conditions, by evaporation,
and elecirochemmically 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 usuatly occur below about 14G°F. Furthes, the use of "L* prade
stainless reduces the opportunity for sensitization. From the above references, it is observed that alkaline conditions neduce the probability of the
initiation of stress corrosion cracking to essentially zero. However, should a pit or crevice, including a deposit, be present where the
environment ¢an becomne acid, then the alkaline enviromrnent will no longer have 2n effect and stress corrosion can occur.

Caustic cracking tends not to occur below 140°F (Sedriks 1996; Dillon 2000)) or below 212°F (Zapp 1998). Because the maxinmum operating |
terperature is 122°F, all sources suggest cavstic cracking ehould be minfral. Zapp's data from the Savinzh River Site evaporators i
auspicious for the use of 3041 for the vessel. )

Conclusion:

The use of 304L is expected to be acceptable for the vessel during operation. During rinsing and Tiwshing, the temperature should be kept as
low as possible. A rinsing/flushing procedure is needed to define ternperature/time Hiits. ’
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¢ Crevice Corrosion

See Pitting.

Conclusion:

See Pitting.

f Corrosion at Welds [

Corrosion at welds 15 not considered a problem in the proposed environment.

Conclusion:
Weld corrosion is not considered 2 problem for this system.

£ Microblologically Induced Corrosion (MIC) -
The proposed operating conditions are too extreme for MIC with high temperatures and pH.  Additionaity, MIC is not normally observed in
operating systers except for those exposed to process water.

Conclusion:
MIC iz not considered 2 problem.

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

Conclusions
Not applicable.

t Yapor Phase Corrosion . )
Due to flashing liquid, the surface is expected to be continuatly sprayed with liguid and be kept refatively clean,

Conelusion:

‘No vapor phase carrosion is expected.

jEvosfon - : ' )
Velocities within the vessel are expected to be low, Erosion allowance of 0.004 inch for components with low solids content (< 2 with) at ow
velocitics is besed on 24590-WTP-RPT-M-04-0008.

Canclusion:
Not a concern.

k Galllng of Moving Serfaces
Not applicabie.

Canelusion:
Not applicable.

I Frettiog/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

Galvanic Corresion
No dissimilar metals are present.

Conclusion:
Not appiicable.

n Cevitation

None expected,

Conclusion:

Not believed to be of concern.

o Creep
The temperatures are too low to be 2 concem.

Conclusion:
Not applicable.
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p Inadvertent Nitric Acid Addition

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 pasma!es these alloys; therefors, lower pH values brought about by increnses in the nitric acid
conient of process fluid will not cause higher comosion rates for these alloys. The upset condition that was most likely to oceur is lowering of
the pH of the vessel content by inadvertent addjtion of .5 M nitric 2¢id. Lowering of pH may make a chloride-containing solution more
likely to cause pitting of stainless alloys. Intreasing the nitric acid content of the process fluid 2dds more of the pitting-inhibiting nitrate ion
to the process fluid. In addition, adding the nitric acid schution to the streamn will dilute the chloride content of the process fluid.

Conclusion: :
The recommiended materials will be able to withstand a plausible inadvertent addition of 0.5 M nitric acid for 2 limited period.
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PROCESS CORROSION DATA SHEET

Component]s) {NameAD #) Waste feed evaporgtor separator (YLP-SERP-L0001)
Treated LAW evaporator reboiler (TLP-RBLR-00001)

Facility PIF
In Black Cell? Yee (TLP-SER.00001 only)
Chemicals unit’ Contract Maximum Nen-Routine Notes
Lonzh Na loach Loach No Leach

Aluminum K] 4856401 A52E401
[Chloride " 1.B3E+01 2.00E+01
IE!uorlde 1.84E+01 2.01E401

Iron 2.83E+00 2.80E+00
Pi‘lrale F 2TEHR 2.88E402 s
Nitrite oA 8,186+ AB0EHH
IPhoghate oA 5.91E+H 6206401

Sulfate gA 3 156-HH " 3A2E401
|Mercury o 8.965.01 3.ME02
fcarbonate o 1.27EH2 1.105402

Undigsolved solids wi%
%er @
Other B
feH NA_ )
Tem mmmre b N_ﬂ,’ 2
IList of Organic Species:

References .

em Description: 24550-PTHIYD-TLP-50001, Rev B
0 Dogiment: S45SNTPIWIC-VT1 1-00005, Rev A
o ] wam %_TLPTI, TLPO2, CXPT

e e e e ettt -+t . S =P A et
O Mol e Stranm t%l.gfmmmm other vessas): FRPQ3. LIFPOE
P&:0: 24 590-PTH-ME- 03, Rev 0

[PED; SAE00-PTFME- VAT I-P0c0s. Revl
Reporti:

Techrical

Notes:

4. Concenitraions Isss than 1x 10° 9t do not need to be feporing; tist valuesto two significant dgils ma.
12 T notmel cheration 122 °F {245 30-PTE-MVE-TLP-ODU02. Rew B)

pH epproximately 12 1o 14

Assumptions:
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4.13.3 ‘Treated LAW Evaporator Separator Vessel (TLP-SEP-00001)

Routine Operations

‘When the recireulating liquor reaches the separator vessel, flash evaporation oceurs due to reduced
pressure in the vessel. The liquid continues to flash, separating the vapor and liquid streams. The
liquid stream recirculates in this closed loop while the vapor stream enters the evaporator overheads.
The maximum designed boil-off rate for the TLP evaporator system will be 30 gpm of vapor
condensate,

The pressure in the separator vessel is maintained at about I psia by a controlled in-bleed of air to the
suction side of the primary vacuum ejector. This reduced pressure lowers the boiling point of the
liquor to about 122 °F. If the pressure in the separator vessel rises, the air in-bleed is reduced to allow
a higher rate of vapor to be withdrawn from the separator vessel, therchy reducing the pressure.

'The overhead vapor produced in the separator vessel is superheated by about 24 °F due to the boiling
point elevation of the concentrate. The overhead vapor is passed through a set of demister pads for
de-entrainment purposes. The demister pads are sprayed with recycled condensate from the treated
LAW evaporator condensate vessel, or in the event that evaporator condensate is unavailable, the
process condensate tanks (RLD-TK-00006A/B). This spray ensures that the demister pads are always
wetted completely to mitigate solids formation and plugging. This also diminishes solids formation on
the walls of the separator above the liquid level in the vessel.

The nature of the evaporator feed, coupled with the boiling action, creates the potential for foaming in
the separator vessel (TLP-SEP-00001). The separator vessel design includes an antifoam agent feed
line from the antifoam vessel. The need for, and magnitude of, the antifoam addition will be
determined by development and comuissioning work. This addition is expected to be part of normal
operations. :

The treated LAW evaporator will concentrate the waste to between 8 and 10 M sodinm or a maxitum
specific gravity of approximately 1.44. Concentrate is removed continuously from the treated LAW
evaporator at the lowest point on the suction side of the recirculation pump using the variable-speed
evaporator concentrate pumps {TLP-PMP-00011A/B).

While in operation, the evaporator train provides sufficient vapor space dilution to prevent the build-up
of hydrogen.

For purposes of decontamination, the separator vessel is equipped with wash rings.

Noxn-Routine Operations that Could Affect Corrosion/Erosion
None identified.
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Treated LAW Evaporator Condensate Vessel R108
*  Design Temperature P-Fl)(_f;m) 150/49 ISSUED BY
i e RERWTP PG

Contents of this docnment are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheet !
Options Considered:

® Normal operating canditions
s Acid clesning at normal temperature

Materials Considered:

Material Relative Acceplable Unaccepiahle
{UNS No,) Cost Material Magerial

Carbon Steel 033 X

304L (S30403) 1.00 X

3161, (531603) 1.18 X

6% Mo (NDB367/NOS926) 7.64 X

Alloy 22 (NOGO22) 114 X

Ti2 (R50400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

Recommended Corrosion Allowance: 0.040 inch (includes 8,024 inch corrosion allowance and
0.004 inch erosion allowance)

Process & Operations Limitations:
*  Develop rinsing/flushing procedure for acid and water

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 autharity. DOE asserts, that pursuant to
the ABA, jt has sale and exclusive responsibility and authority to
repulate souvee, special nuclear, and byproduct materials at DOE-
owned nuclear facilities. Information contained herein on

radionuctides is provided for process description purposes oaly. This bound document contains a total of 6sheess. | |
/ A
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. Corrosion Considerations:
Vessel receives condensate from the condensers and demister vessel,

a General Corrosfon
At the stated pH temperature and halide concentrations, 1‘.hc corrosion rates will be small. Davis (1994) states the corrosion
rate for 304L in pure N2OH will be less than about 1 mpy up to the proposed operating temperatures.

Conclusion:

At the normal operating temperature, either 304L or 316L will be sufficiently resistant to the waste solution with a probable
general corrosion rute of less than 1 mpy. Based on the Savannah River experience with Hanford-like waste at higher
ternperatures, 3041 is expected to be satisfactory to 300 °F,

b Pitting Corrosion
Pitting should not be a concern for 304L or 316L at the stated low-chloride conditions and stated temperature.,

Conclusion;
Under normal conditions, 304L is expected to be satisfactory.

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

Conclusion:
Not gpplicable to this system.

d Stress Corrosion Cracking

The exact amount of chleride required to cause stress corrosion cracking is unknown. In part this is because the amount
varies with temperature, meta) sensitization, and the environment. But it is also unknown because chloride tends to
concentrate under heat transfer conditions, by evaporation, ard electrochemically during a corrosion process. Hence, even
as Jittle as 10 ppm can lead to cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987),
stress cerrosion cracking does not usually occur below about 140 °F. However, Zapp's work (1998} indicates that with the
high pH, cracking woull be expected io occur only at termperatures well abave the design temperature.

Conclusion:
With the stated normal operating conditions, 100 series stainless steels are expected to be acceptable.

e Crevice Corvosion _

For the most part, the pitting discussion covers this area. It is assumed that the fluids will not be stagnant and no deposits
are anticipated.

Conclusion:

See Pitting

1 Corrosion at Welds
Cotrosion at welds is not considered a problen: in the proposed environment.

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

¢ Microblologically Induced Corrosion (MIC)
The proposed opmtmgmnpemtumareawepmblcfornnmbml growth but the location of the vesse} in the process
suggests little chance of the introduction of microbes.

Conclusion:
MIC is not expected to be a problem.
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h Fatigue/Corrosion Fatigne
Corrosion fatigue is not expected to be a problem in this vessel.

Conclusions:
Not considered to be a problem.

I Vapor Phase Corrosion

The vaporphasep«hon of the vessel will be spattered with solution and pitting or crevice corrosion may be a concer but
wash rings are available for rinsing.

Conclusion:
Not considered to be & problem.

j Eresion
Velocities are expected to be low. Eresion allowance of 0.004 inch for components with low sclids content (< 2 wit4) at
Jow 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.

! Fretting/Wear
Not expested to be applicable.

Conclusiom:
Not a concern.

m Galvapic Corrosion
For the environment and the proposed alloys, there is not believed to be a concern.

Conclusion:
Not a concemn.

n Cavmﬁon
None expected.

Conclusion:
Not believed to be of concemn.

o Creep
‘The lemperatures are too low 1o be a concern.

Conclusion:
Not applicable.

p Inadvertent Nitric Acid Addition

Higher chloride contents and higher temperatures usually require higher alloy muterials. Nitrate ions inhibit the pitting and
crevice cotrosion of stainless atleys. 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 ocour is lowering of the pH of the vessel content by inadvertent addition of 0.5 M mitric.
acid. Lowering of pH may muke a chloride-containing solution more likely to cavse pitting of stainless alloys,

the nitric acid content of the process fluid adds more of the pitting-inhibiting nitrate jon to the process fluid. In addmon,
adding the nitric acid solution to the stream will dilute the chioride content of the process fluid.

Conclusion:

The recommended materials will be able to withstand a plausible imadvertent addition of 0.5 M nitric acid for a limited
period.
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Component{s) (NamellD &} . Treated LAW evaporatol condensate vessel (TLP-VS1-00002)
Facility PTE

in Black Cell? Ne
Chemicals Contract Maximum Non-Routine Notes
Leach Nolesch Leach Na Leach L

tAluminum 31602 AIE02

(Chloride AZE02 5AE-02
[Fluoride 8.26.04 12603
{iron 3.4E-03 A1E08

Nitrate 5.7E-01 7AED1

Nitrite 4.16:02 52£.02

Phosphate T.1E-02 09802

2.TE-02 34E02

12601 18501

)
Note 2

dkiefipiklpkif |2 I
B
+4

Notes:

1, Goncantraliont Jexs then 1 107 OF do Not nesd 1o B Feparied:; Ref vakuk to fwe Bigniicent dgits ma.
T nownni opertiion 68 °F lo 167 *F (2ASW0-P TR-AVC-T1P-00002, Rev B)

b, pH sppredmately 1110 12

Assumptions:

Note: Vendor submittal (24590-QL-POA-MEVV-003001-14-00002, Rev. 00C) updates operating temperature.
Normal cperating temperature is 104 °F.
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4134 Treated LAW Evaporator Condensate Vessel (TLP-VSL-00002)

Routine Operations

Condensate from the condensers and demister vessel all drain to a common condensate vessel, TLP-
VSL-00002. As the condensate vessel fills, the treated LAW evaporator condensate pump
recirculates condensate continuously back to the vessel with a port:on recycled to the separator vessel
for spraying the de-entrainment pads. When the condensate vessel is filled to its high lcvcl setpoint,
the condensate is directed to the clean condensate tank RLD-TK-00006A/B.

The condensate draining from the primary condenser is monitored for radioactivity. The radiation
monitor is located close to the condenser condensate outlet to allow a time lag before any
contaminated condensate can reach the condensate vessel. This minitnizes the possibility that
contaminated condensate can be transferred to system RID. In the event that the radiation monitor
detects high activity, the evaporator is placed into reflux state and the condensate vessel is isolated so
that 2 sample may be retrieved. A manual sampling point is located on the discharge side of the
condensate pump. If the condensate is contaminated, it is redirected to the LAW SBS condensate
receipt vessels (TLP-VSL-00009A/B) via valving and an evaporator shutdown can be initiated if
necessary.

The vessel vent system draws air into the vapor space of the condensate vessel while removing gases,
Vacuum control air is withdrawn from the system PVP vessel vent header. The condensate vessel
overflows 1o PWD-VSL-00033.

Non-Rontine Operations that Could Affect Corrosion/Erosion
None identified.
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TLP-RBLR-00001 (PTF)

Treated LAW Evaporator Reboiler

¢ Design Temperature (°F) (max/min): Shell side: 275/49; Tube side: 175/49

s Design Pressue (psig) (max/min): Shell side: SO/FV; Tube side; SO/FV |SSUED BY

*  Location: incell ' RPPWIP PDC

Contents of this document are Dangerous Waste Permit affecting
Oj:erating conditions are as stated on attached Process Corrosion Data Sheet

Options Considered:
= pHbetween 12 and 14; halide concentrations similar to TLP-SEP-00001 ; operating temperature 122 °F

Materials Considered:

Material Acceptable Material Unsacceptable Material
(UNS No.)
Carbon Steel X
3L ($30403)
316L (S31603)
6% Mo (NOB36T/N08926)
Alloy G-30 (N0S030

X
{heat dchangg surfaces)

Aloy 22 (NO&022) X
Ti-2 (R50400) X

Recommended Material: Shell: 304 (max 0.030% C; dual certified) .
Tubes and related heated surfaces: N06030 (G-30 or equivalent)

e I o

Recommended Corrosion Allowance: Tube side: 0.04 inch (includes 0,024 lnch' corrosion
allowance and 0.004 inch erosion allowance)
Shell side: 0.0 inch

Process & Operations Limitations:
«  Develop flushing/rinsing procedure for acid or water

Please note that source, special nuclear and byproduct materials, as
defined in the Atornic Energy Act of 1954 (AEA), are regulated at the
U.S. Department of Energy (DOE) facilities exclusively by DOE
acting pursuant to its AEA suthority, DOE asserts, that pursuant to
the AEA, it has sole and exclusive responsibility and authority to
regulate source, special nuclear, and byproduct materials af DOE-
owned nuclear facilities. Inforrmnation contained herein on
radionuclides is provided for process deseription purposes only. This bound document contains a ttal of 7 sheets,
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Corrosion Considerations:

2 General Corrosion

Harmer's dats (1981), 304 (and 304L) lists a corresion rate in NaOH of less than 26 mpy (500 pmvy) at 77°F and over 20 mpy st 122°F. He
shows 316 {and 316L) has a rate of less than 2 mpy up to 122°F and 50% NaOH. Diflon (2000} and Sedriks (1996) both state that the 300
serits stainless steels are acceptable in up to 50% NaOH at teoperatures up to about 122°F or slightly abave. Divine's work (1986) with
simulated-radwaste cvaporators, six months at 140°F, showed 3041 was slightly more resistant to corrosion (<0.2 mpy) than was 3161
(<D.6 mpy); Ni 200, pure nickel, was much less resistant (»7 mpy) probably duc to the complexants.

Daviz (1994) states the cormosion rate for 304L in pure NaOH will be less than about 0.1 mpy up to about 212°F though Sedriks states the
daty shove 122°F are incorrect. Daniclson & Pitraan (2000), based on short-term studies, suggest 2 corrosion rate of #bout 0.5 mpy for
316L in sinmulated waste at boiling,

Oht & Carlos (1994) found, in their review of the 242-A Evaporator with waste sinular 1o that expected in LAW, the corrosion of 304L was
Jess than the accepted variability of the plate thickness after two years of operation at 140°F. Because of uncertainties of the starting wafl
thickness, a review of the raw data was inconclusive. 304L sppears have comoded at an aversge rate of about 10 mpy though it may have
been higher or lower.

Uhtig (1948) has shown that pure nicked is more resistant to comrosion by NaOH than stainless steel. However, as Divine (1986) pointed
out, the presence of complexing agents twy reverse the trend. Agarwal (2000 states that the higher nickel aliaye, such as €22 and G-30,
are highly corrosion resistant though specific mention of alimline media is not made, The general literature mainly discusses eracking
problems (see below) rather than uniform corrosion.

Zapp (1998) notes that the cvaporator vessels at Savunnah River Site are made of 304L and have suffered no failures 1n over 30 years of
gperation. Savannah River uses G-3 and G-30 alloys for the evaporator tubes.

‘The shell side, however, will see only steam and 304, is satisfactory.

Conclusion:
For the shell, it appears that 304L is aceeptable,

b Pitting Corresion

Chiloride is notorious for causing pitting in acyd and neutral solutions, Dillon (2000) is of the cpinion that in alkaline solutions, pH>12,
chlondes are Jikely to promote pitting only in Hght crevices. Dillon and Koch (1995) are of the opinion that fluoride will have little effect.
Jenkins (1998) hay stated that localized £orrosion can occurunder the deposits on tubes, probably dug to the chlorides.

Revic (2000) and Uhlig (1948) note that nitrate inhibits chloride comrosion. ‘Therefore, the high nitrate concentrations in the LAW are
expected to be bencficial.

The apparent lack of pitting in the 242-A Evaporator sugpests 3041 is acceptablc at the design conditions. Zapp (1998) confirms the
behavior of 304L in the shelf, Use of austenitic alloys is not recommended for the tubes.

Based on tests performed by Divine (1986), 3041 would be satisfactory for the tubes. However, if it is assumed the temperature can
approach Jow pressure steam termperatures, then, based on Savannah Rever data, a higher alloy is recommended for the tubes. Some of the
data described above suggest that a high chromium imd peshaps molybdenum content will be necded. G-30 alloy, based on the current
Savannah River experience, canbe selected.

The higher nickel and mntybdcnum allays are cxpecied to be more pitting resistant than the sustenitic alloys. Because high purity nickel,
Ni 200, did not fare well in Divine's tests {1986) in the presence of complexants, but the chronturn content of the alloys may mitigate that
effect. Jenkins (1998) reports that G3 and G30 evaporator tubes have been used successfully at Savannah River Site for over 10 years and
they expect #t least 20 years service while 3041 had failed after about 10 years, The shelt of the cvaporator has performed successfully for
approximately 30 years.

Conclusion:

Localized corrosion, such as pitting, is cormmon but probably can be mitigated by alloys with higher nickel and molybdenum contents even

under heat transfer conditions or where deposits can form. BascdnnSavmahR:verdah,m:slmntsexpemdmbcﬁ-eeofsmlﬁm
corrosion and can be 34L.

¢ End Grain Corrosion

" End grain corrosion only otours in metal with expostd end grains and in highly oxidizing acid conditions.

Conciusion:
Not appliczble to this system.
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d Stress Corrosion Cracking

The exact amount of chloride required to stress cofrosion crack stainiess steel is unknown. In pary, this is because the amount varies with
femperature, metal sensitizetion, 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 Sutle as 10 ppm can lead to cracking under
some conditions. Generally, a8 seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usuglly occur below abaut
140°F. Further, the use of "L™ grade stainlesy reduces the opportunity for sensitization. From the above refzrences, it also observed that
alline conditions reduce the probability of the initintion of stress cofrosion cracking to essentially zero, However, should  pit or crevice,
including a deposit, be present where the environment can become acid, then the allaline enviroament will no longer have an effect and
Sress COMOSion car OCCOT.

Caustic mclcing tends to ocour below 140°F (Sedriks 1996; Dillon, 2000) or below 212°F (Zapp 1998). Beceuse the normal operating
temperature is below 140°F, all sources suggest coustic eracking shovld be ninimal. Zapp's data from the Suvarmeh River Site evaporators

is auspicious for the use of 304L for the shell 1f the 140°F temperature is exceeded, such a3 on the evaposator tubes, higher alloys are
needed.

Conelusion:

The use of 304L is expected 1o be acceptable forﬂhcshcllaﬂwstaﬂcpmmglempm The tubes should be 2 higher alloy, such 25
G-30.

¢ Crevice Corrosien

Sac Pitting.

Conclusion:

Sec Pitting

{ Corroslon at Welds

Weld corrosion s not considered a problem in the proposed environment,

Conelusion:
Weld corrosion is not considered npmblemfur this system.

Induced Corm:io: MaC)
MIC is mrrmlly obscrved at Jower pH conditions and temperatures.  Although microbes can live at very kow pH, and probably lugh pH, 88
well as at 5T2°F and in radiation ficlds, no reports of MIC in the proposed conditions have been reported.

Conclusion:
MIC is not considered 2 problem.

h Fatigue/Corrosion Fatigue
Corrosion fatigue is not considered 2 problem,

Conclusions:
Not & concemn.,

t Vapor Phase Carrosion

Thevaporphas:patmofthetankwlllbccmtmua]lywashedmthcmdmngvaporsandpmodlmﬂyspnyedmmmhmhrmﬂie
wvessel wash rings while also being spartered with caustic.

Conclusion:

Based on Zapp's work (1998), no vapor phase corrosion is anticipated.

§ Eresion

Velocities within the reboiler are expected to be low. Erosion allowance of 0,004 inch for components with low solids content (<2 wi%) it
low velocities is based on 24590-WTP-RPT-M-04-0008.

Conclusion:
Not a concemn.

k Gilﬁng of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.
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I Fretting/Wear '
Not anticipated to be a prob

Conrlusion:
Not expected to be & concemn.

m Galvanic Corrosion
For the environment and the proposed alloys, none expected.

Conclusion:
Not a concemn.

n Cavitation
Not spplicadle.

Conclusion:
Not applicable.

o Creep
Nmammntﬂwgimmmnunﬂuﬂngivmm.

Conclusion:
Not applicable.

p Inadvertent Addition of Nitric Add 7

Higher chloride contents and higher temperatures ususlly require higher alloy materials, Nitrate ions inhibil the pitting and crevice corrosion
of stainless alloys. Furthermore, nitric acid passivates these atloys; therefore, Tower pH values brought about by increases in the nitric acid
content of process fluid will not cause higher corrasion mtes for these alloys. The upsat condition that was most likely to oceur is lowering
of the pH of the vessel contznt by inadvertent addition of 0.5 M nitric acid. Lowering of pH may make a chloride-containing solution more
hkely 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 recormmended materials will be ghle to withstand a plausible inadvertent addition of 0.5 M nitric acid for a limited period.
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PROCESS CORROSle DATA SHEET

Component(s) (Name/lD ¥ Waste feed evaporator separater (TLP-SEP-00001)
Treated L AW evaporator reboiler {TLP-RBLR-D0001)

Facility PTF
In Black Cell? Yas (TLR-SEP-G0001 only)
Chemicais unit! Contract Maximum Non-Routine Notes
i Losch Noleach _Laach No Leach
luminum gr ] 3BEEsMM 3.62E401
leride ot 1.53E+D1 2.00E+01
Fiuoride g 1 1.8dEsDt 201601
Iren g 285400 289E+00
Nitrate ot 2T 2 2.88E+02
Nitrite [ 8.19E+01 8.89E+01
Phogphate R 591EsM 82BEWD]
N 3156201 3AZE+01
o £ 96E-01 3.14E-02
o 1276402 1.10E+02
wy
"]
[}
NIA Nete 3
'r Nots 2

. Concenirmions lssz than 1 15 0 do nol need 1o be reporked: it valuss ko two Signiicant digs M.
T nowmal operabion 122 °F (2A890-PTRMVC.-TLP-D0002. Rev B}
pH appraximataty 12 1o 9

[Assumptions:
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4,13.2 Treated LAW Evaporator Reboller (TLP-RBLR-00001)

Routine Operations

Two streams are fed into the treated LAW evaporator at the suction side of the recirculation pump (TLP-
PMP-00001). First, the treated LAW is transferred from one of the three treated LAW collection vessels
at a fixed flow rate. Second, the LAW SBS condensate/recycle stream is transferred from one of the

LAW SBS vessels (TLP-VSL-00009A or B) using the varizble-speed LAW SBS condensate feed pumps
(TLP-FMP-00005A/B).

‘The recireulation pump moves the liquor through the evaporator recirculation loop maintaining a high
flow rate fhrough the evaporation system. First, the liquor is pumped 1hrough.the uutod{.AW _
evaporator reboiler (TLP-RBLR-00001), which raiscs the temperature of the liquor. Recirculating Liquor
js prevented from boiling in the rebeiler tubes by maintaining sufficient hydrostatic head to increase the
boiling point above the temperature of the liquor in the reboiler. Low-pressure steam, modulated via a
flow controller, will be used to heat the feed liquor to the selected system boil-off rate. Low-pressure
steamn is uvailable at 40 psig and 286 °F, from the Basis of Design (24590-WTP-DB-ENG-01-001),

Non-Routine Operations that Corld Affect Corrosion/Eroslon : ‘
High solids in evaporator. . 1
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Ulirafiltration Recycle Breakpot
¢ Design Temperature {(°F)(max/nin): 368/40

“'e " Design Pressure (psig): 15
+  Location: incell
Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on sheets 5 and 6 -
Operating Modes Considered:
«  The breakpot is normally empty and at ambient temperature, Steamn temperatures during transfers will be of short duration,
*  Vessel may see acid during vesse! washing or Suring inadvertent ransfers.
Materials Considered:
Materiat . Relative Accepiabie Unacceptable
{UNS No.) Cost Material Material

Caroon Steel 023 X

304L (530403) 1.00 X

3161 (S31603) 118 X

6% Mo (NOB367/N08026) 764 X

Afloy 22 (N060Z22)__ 114 X

[Ti-2 (R50400) 10.1 X
Recommended Material: 316 (max 0.030% C; dual certified) _ |
Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion -
allowance and 0.016 inch general allowance)

Process & Operations Limitations:

*  Develop rimsing/flushing procedure for water and acid,

1fis/es

Please note that source, special nuclear and byproduct materials, as
defined in the Atormic Energy Act of 1954 (ABA), are egulated at .
the U.8. Department of Energy (DOE) facilities exclusively by DOE

acting pmamm its AEA autherity. DOE asserts, that putsuant to [EXPIRES; 12/07/07_]
the AEA, it has sole and exclusive responsibility and suthority to
regulate source, special nuclear, and byproduct materiais at DOE- .
owned nuclezr facilities. Erformation contained herein on
radionuclides is providad for process description purposes only.

This bound docutnent containg a total of & sheets.
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Corrosion Considerations:

Breakpot will routinely transfer the ultrafiltration feed vessel heel pricr to ultraffiter cleaning.

a GGenerul Corrosion

Hammmer (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 pmfy) at 77°F and over 20 mpy at 122°F. He
shows 316 {and 316L) has 2 rate of less than 2 mpy up to 122°F gnd 50% NaOH. Dillon (2000) and Sedriks (1996) hoth state that the 300
series are acceptable in up to 50% NaOH at temperatures up to abowt 122°F or shightly above. Divine's work (1986} with simulated-
radwaste evaporators, six months at 140°F, showed 3041 was slightly more resistant to corrosion (<0.2 mpy) than was 316L (<0.6 mpy);
Wi 200, pure nickel, was much less resistant (x7 rpy) probably due to the complexents. Zapp (1998) notes that the Savannah River

evaporator vessels, operating at sbout 300°F, are thade of 304L and have suffered no failures in sbout 30 years; 304L heat wansfer surfeces
have failed however zfter about 10 years.

Davis (1994) states the corrosion rate for 3041 in pure NaOH will be Izss tham sbout 0.1 mpy up to sbout 212°F though Sedriks (1996)

states the data beyond about 122°F are incorrect. Danielson & Pitman (2000), based on short term studies, suggest & corrosion rate of shout
0.5 gy for 316L in simulated waste at boiling, »212°F.

Conclusion:

At ternperatures less than about 140°F, 3041 is expected to be sufficiently resistant to the weste solution with 2 probable general corrosion
rate of less than 1 mpy. Based on the Savannah River experience with Hanford-like waste at higher temperatures, 304L is expected to be

satigfactory to 300°F,
b Pitting Corrosion

Chioride is known to cause pitting in acid and neutral soluums Dillon {2000} is of the opinion that in alkaline solutions, pH»12; chlarides
are Yilely to promote pitting only in tight crevices. Dillon and Koch (1995) ate both of the opinion that fiuoride wilt have litthe effect in an
elkaline media. Jenkine (1998) has stated that localized corrosion can eceur under the deposits on heat transfer surfaces, propably due to the
chlorides. Further, Revie (2000) and Uhlig (1548) note nitrate inhibits chioride pitting. Normally the vessel is to operate at 77°F. At the
normal temperature, based on the work of Zapp (1989) and others, 304L stainless steel would be aceeptable in the proposed atkaline
conditiens. If acid washes are anticipated, care should be taken 1o minimize the presence of deposits. 31 6L will provide greater protection
against pitting.

Conclusion:

Based on the expected operating conditions, 304L is expected to be satisfactory. However, due to thc possible presence of acid and high
halide concentrations, 316L is recommended.

¢ End Grain Corrosion -

End grain corrosion only occurs in metal w:!h exposed end grams nd in highly axxdnzmg acid cundmons
Conclusion:

Not likely in this system.

d Stress Corrosion Cracking

The exact amount of chiloride required to stress corrosion crack stainless steel i unknown. In part this is because the amount varies with
terperature, metal sensitization, and the environment. But it is also unknown because chloride tends to concentrats undsy heat transfer
conditions, by evaparation, and electrochemically during 8 corrosion process. Hemce, even as ittle as a few ppm can tead to cracking under
some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), stress corrosion cracking does not usually oceur below 2bout
140°F. Further, the use of "L" grade stainless reduces the oppormnity for sensitization. Further, the prescnce of nitrate is expected to
increase the Limits slightly.

Conclusion:

For the nermal operating conditions, the minimum slioy recommended is 4 3041, stainless stest,

e Crevice Corrosion
See Pitting,

Conclusion:
See Pitting,

{ Corrosion at Welds
Carrosion 8t welds is not considersd a problem in the proposed environment.

Conclusion:
Not expected t0 be a concern.
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£ Microbiologically Jnduced Corrosion (MIC)

The proposed operating conditions are not conducive to microbial growth — the temperatare is approximately comect but the pH under

normal operating conditions is too atkaline. Further, the sysiem is sufficiently far downsweam of the main entry points of microbes that
infection is unjikely. :

Conclusion:
MIC 15 not congidered & problem.

b Patigue/Corrosion Fatigue
Corrosion fatigue is 2 not expected 1o be 3 problem.

Conclusions
Not expected tobe a concern.

i Vapor Phase Corrosion

_The vapor phase portion of the vessel is expected io be contacted with particles of waste from splashing. A rinsing/flushing procedure will

tieed to be developed to mininyze the formation of deposits.

Conclusion:
Vapor phase corrosion is not a concern.

JErosion - .
Velocities within the vessei are expected fo be sroall.  Based on 24

590-WTP-RPT-M-04-0008, a general erosion allowance of 0.016 inch is
ardeguate for compenents With solids content less than 27.3 wit%,

Conclusion:
Not s concern.

k Galling of Moving Surfaces

-Not applicable.

Conclusion:
Not applicable.

1 Fretting/Wear
No opportunity for freting exists.

Conclusion:
Not considered 2 problem.

m Galvanic Corrosion
No dissimilar metals are present.

.Conclusion: !
Not applicable.

n Cavitatien
None expectad.

Conelusion: )
Not believed to be of concem.

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

Conclusion:
Not eppliceble.

P Inadvertent Nitric Acid Addition ‘

Higher chloride contents and higher temperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice corrosion
of stinless alloys. Furthermore, nitrie acid passivates these alloys; therefore, lower pH values brought about by increases in the nitric acid
content of process flvid will nat cause higher corrogion rates for these alloys. The upset condition tiat was most likely o occur is lowering
of the pH of the vessel content by madvertent addition of 0.5 M nitric acid. Lowering of pH tay make a chloride-containing solution more
iikely to cause pitting of stainless alloys. Increaring the nitric acid cortent of the procass fluid adds more of the pitting-inhibiting nitrate jon
10 the process finid. In addition, adding the nitvic acid sotution 1o the strezm will dilute the chloride content of the process fluid,

Conclusion:

The recormended materials will be able 10 withstand a plausible insdvenent additon of 0.5 M nitrie 2cid for a Timited period.
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PROCESS CORROSION DATA SHEET

Compenent(s} (NamellD #) Ultrafiltration recvele breakpot (UFP—BRKPT-DDUUME)

Facllity PTF
In Black Geli? Yes
Chemicals Unkt' | Contract Masimum Non-Routine (Note 3) Notes
, Leath N0 tBach LEBEN NO LBaEn
Aluminum g 361 B+ 4.70E+0i AEIE+H 4, T8E+M
Chloride 1] 1.20E+01 1 44E+( 1, 20E+M4 1, 4AE+01
{Fluoride T 1,436+01 1726+ | 443640 1.72E+01
Iron ‘ g 1 BOE+02 1158+02 1. 59E+02 115E502
Nirate : B 2I8ED) 2.BIED LRENT pAE S
‘INitrite g B.BBE+01 7.07E+H . BEE+D1 1.97E+01
Phosphate g1 .91 E+0% §,83E+01 £B1E+M 5 83E+01
Suifate o4 2.56E+01 3.082+01 2.58E+ 04 3.06E+1
Mercury ok 1,48E+D0 1.575+00 1.1BE+00 1.57E+00
Carbonate b4 1.056+02 1965+ _3.05E+32 1.068+02
Undissofvad sollds Wit 2.00% 2500% 25.00% 25.00%
Other (NaMnOd, Ph....) | a1
Cither gl
pH Nib )
Tem perature °F Note 2
Nate 4
List of Organic Species:
Referances
DAy 24500 TF JEE00001, Rev ]
o3 Hairos DUCUmBit MSB0VVTP MAC V] 1100085, Rev &,
orrnsd Enput Stream #: LIFF3R B
Norme) inout Sresn #{s.g. overtow oeh gt yazasisy Hib

P2ID; 34580-FTF MBLIFP-P 0007, Rievd
PGS0 P17 ME WA T10 (8, Rerw ©

[ Technical R epeets T

.J4. Brsaxpot is uesd o3 mciation barmer and normally do@t NCt Sonkrin HuCess 1id.

Notas:

1. Concentrations leas than 1% 10 g4 do not need to be repertect lis volusa ta two signifeart digts max,
2. Steam 1 usad for imnster. The breskpat ks nonm ey smpty and & ambiert temperiim most ofthe lime.
3. Same concentraticon during uitrafiter plugping 2= turing homel desning ceration,

Assumptions:
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4.14,1 Ultrafiltration Recycle Breakpot (UFP-BRKPT-00001 A/B)

Routine Operations _
Emptying the ultrafiltration feed vessel heel prior to ultrafilter cieaning,

Non-Routine Operations that Could Affect Corresion/Erosion
Emptying the ultrafiltration feed vessel due to plugging of ultrafilters.
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UFP-PP-00001A/B, 2A/B, 3A/B (PTF)

Ultrafilter Pulsepots

¢ Design Temperature (°F): 200

o Design Pressurc (psig) (rmix/min): 200/-15
»  Location: out cel}

24590-PTF-N1D-UFP-P0002

U ay
RPRWTP FDO

Rev.2

LI

Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheet

Operaﬂn'g Modes Considered:

«  The vesscls are always alkaline, pH > 12, at the normal operating

temperature.
e Pulsepots will backpulse during cleaning cperations with 2M nitric acid snd 2M caustic.
¢  Process condensaie will be supplicd to flurh reagents between uses.

Materials Considered:
Material Relative Accepiable Unaceepisble
{UNS No.) Cont Materia) Material
Carbon Steel 023 — X
3041 (530403) 00 X
316L {831603) .18 X
6% Mo (NDB36T/NOBRG) 764 X
Alloy 22 (NOGUZZ) 14 X
Ti-2 (RS0400) 10.1 X

Recommended Material: 304 (max 0.030% C; dual certified)

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

Process & Operations Limitations:
¢ Develop sinsing/flushing procedure

Please note that gource, special nuclear and byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are regolated at
the U.S. Departraent of Energy (DOE) facilities exclusively by DOE
acting pursuant to its AEA suthority. DOE nsserts, 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 focilities. Information containad herein on
radionuciides is provided for process description purposes only.

This bound document contrins & total of § sheets.
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Corrosion Considerations:

Pulse-pots are used to perform back-pulsing on the ultrafilter tube units. Back-pulsing may involve adding cleaning
chemicats such as 2 M HNO;, 2 M NaOH or process condensate.

1 Geseral Corroslon .

Harmmer {(1981) lists 2 corromon rate for 304 (snd 304L) in NaOH of less than 20 npy (500 ur/y) at 77°F and over 20 mpy st 122°F. He
shows 316 (and 316L) bas a rate of less than 2 mpy vp to 122°F and 50% NaOH. Dilion (2000) and Sedriks (1996) both state that the 300
senes stninleas steels sre acceptable in up to 50% WNaOH at temperatires up to about 122°F or shightly above. Divine's work (1986) with
simulated-radwaste cvaporators, six months at 140°F, showed 3041 was stightly more resistant to corrosion (<0.2 tpy) than was 3161

(<0.6 mpy); Ni 200, pure nickel, was mach less resistant (~7 mpy) probably duc to the complexants. Zapp (1998) notes that the Savanmah |
River evaporator vessels, operating @t about 200°F, arc made of 3041 and have suffered no failures in about 30 years; J04L heat tansfer
surfaces have failed however after about 10 years,

Davis (1994) states the corrosion rate for 304L in pure NaOH will be 1cas than about 0.1 mpy up to about 212°F though Sedriks (1996)

states the dats beyond about 122°F are incorreet. Daniclson & Pitman (20003, based on short term studics, suggest a corrosion rate of about |
0.5 mpy for 316L in simulated waste st boiling, >212°F.

In this gystem, the hydroxide concentrations and semperatures are such that 3041 stamiess steel will be acceptable. It must be noted the
amount of fluoride i3 expected to be relatively small except for the contract mmxinum. The amount of dilution of fluoride when acid iz

2dded is unknown but is generally assumed to be normally well diluted. Wilding and Paige (1976) have shown that in $% nitric acid with |
1000 ppm fluoride at 290°F, the corrosion rate of 304L can be kept as Jow as S rpy by the use of AT™*. Additionally, Sedriks (1996) has
noted with 10%. (~2N) ritric acid and 3,000 ppm fluoride at 158°F, the comosion rate of 3041 is over 4,000 mpy, Therefore, thereisa
concern about excessive corrosion rates during acid cleaning. Keeping the vessed as cool as possible when acid is present would reduce the
extent of nitack by chloride (pitting and crevice corrosion) and, with the presence of AP, general corrosion due to flucride. Properly |
- protected by temperatore and fluoride complexants such as AI™, 3041 wilt be suitable.

Conclusion:

3041 is expected o0 be sufficiently resistant with a probahle general corrosion rate of less than 1 mpry. A procedure will be necessary to
niinimize the presence of fluorides during acid cleaning.

b Pitting Corresion ‘

Chloride is known to cause pittmg in acid and neutral solutions. Dillon (2000} is of the opinion that m alkaline solutions, pH>12, chlovides
are likely to promote pitting only in tight crevices. Ditlon and Koch (1995) are both of the opinion that fluoride will have ittle effect in an
allaline media. Jenkins (1998) has stated that Jocalized carrosion can occur under the deposits on heat transfer surfaces, probably due to the
chlorides. Further, Revie (2000) and Uhlig {1948} note nitrate inhibits chloride pitting.

Notmally the veasel is 10 pperate between 77 and 194°F. At the normal temperature, based on the work of Zapp (1998) and others, 3041 |
stainless stee] would be acceptable in the proposed sllaline conditions. Under acidic conditions, 304L is still expected to be scceptable,

Conclusion:
Based on the expected operating conditions, 3041 is expected to be satisfactory.

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

Conclusion:
Not believed Jikely in this systermn.

d Stress Corvosien Cracking

‘The exact smount of thiloride required 10 cause siress corrosion cracking 1s unkmown. In part this 1s because the amount varies with
temperature, metal sensitization, and the environment. But it 15 also unknown because chloride tends o concentrate under hest transfer
conditions, by evaporation, and ciectrochemically during a corrosion process, Henice, even as little a5 10 ppri can Jead to eracking under
some conditions. Generally, as seen in Sedriks (1996) and Davia (1987), stress corrosion cracking does not usually oceur below about
140°F, With the stated temperature and alkaline conditions, 304L is expecied 10 be sutisfactory. However, if acid cleaning is to be used and
the halide concentration cannot be controlled, 316 L will be the minimum acceptable alloy and it wey be necessaty to use & more resistant
alioy.

Conclusion:
Because of the normal operating environment that will include periodic acid cleaning, the mipirmmn alloy recommended is & 304L staintess
steed,

¢ Crevice Corrosion
Sec Pitting.

Conclusion:
See Pitting.
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{ Corrosion at Welds
Corrosion at wekds is not considered a problem in the proposed environment.

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

g Microblologically Induced Corrosion (MIC)
The proposed operating conditions are not conducive to microbial growth — the tempersture is approximately corroct but the pH is either too
alkeline or too acid. Further, the system is sufficiently far downstream of the main entry points of microbes that infeetion is unlikely.

Conclusion:
MIC is not considered & problem.

h Fatigne/Corrosion Fatigee
Corrosion fatigue is & not expected to be & problem.

Conclusions
Not a concern.

i Vapar Phase Corresion
‘Not expected to be a concern.

Conciusion:
Not 3 concern.

} Eroslox
Velocities within the vessel are expecied to be small. Based on 24590-WTP-RPT-M-04-0008, a general erosion allowsnce of 0.016 inch is
adequate for components with solids content less than 27.3 wi% at velocities less than 4 nigps.

Conclusion:
Not believed to be = concern.

k Galling of Moving Sorfaces
Not applicable.

Conclusion:
Not applicable.

1 Fretting/Wear
None expected.

Conclusion:
Not considered a problem.

m Galvaale Corrosion
No diasirnilar metaly arc present.

Conclusion:
Not applicable.

» Cavitation
None expected.

Conclusion:
Not believed to be of concem.

o Creep
The temperatures are too low to be a concem,

Conclusion.
Not spplicable.

p Inadvertent Nitrie Acid Addition

Higher chloride contents and higher temperatures usually require higher alloy materisls. Nitrate ions inhubit the pitting and crevice corrosion
of stainless alioys. Furthermore, nitric acid pessivates thiese allays; therefore, lower pH valucs brought about by increases in the nitric acid
content of process fuid will not cause higher corrosion rates for these alloys. The upset condition that was mast likely % occur is lowering
of the pH of the vessel content by inadverient addition of 2 M nitric acid. Lowering of pH may meke 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 nittate ion
to the process fluid. In addition, adding the nitric acid solution to the stream will dilute the chioride content of the process fluid.

Conclusion:
The recommended materials will be able to withstand s plausible madvertent addition of 2 M nitric acid.
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

4143 Ultrafiltration Feed Vessels (UFP-VSL-00002A/B), Ultra Filters (UFP-FILT-
00001,2,3 A/B), Ultrafiltration Pulse Pots (UFP-PP-00001A/B, 2A/B, 3A/B)

Routine Operations

These two vessels receive the feed from the ultrafiltration feed preparation vessels (UFP-VSL-00001A/B). |
The feed is then concentrated to 20 % solids by being pumped and recirculated through an ultrafiltration
loop. The liquid fraction of the filtered feed is sent to the LAW vitrification facility. The feed containing
the 20 % solids is sampled to determine the appropriate treatment steps. Treatment of the solids may
include solids washing to remove excess sodium through dilution and ultrafiltration, and/or caustic
leaching by adding 19 M NaQH until the solution reaches 3 M, allowing a period of 8 hours for digestion,
during which the solution is heated to between 176 °F to 194 °F, and then cooled back to ambient
temperature (77 °F). After cooling, the contents are reconcentrated to 20 % solids by ultrafiltration,
Ultrafiltration pulse-pots (UFP-PP-00001A/B, UFP-PP-00002A/B, and UFP-PP-00003A/B) are used o
perform back-pulsing on the ultrafilter tube units. Back-pulsing may involve adding cleaning chemicals
(2 M HNO3,2 M NaOH, and process condensate).

Non-Routine Operations that Could Affect Corrosion/Erosion

There is the option to transfer the St/TRU solids directly to the HLW blending vessel (HLP-VSL-00028),
if necessary.

UFP-PP-00001 A/B, 2A/B, 3A/B : Sheet:6 of §




24590-PTF-N1D-UFP-P0004
h RW- 3
PLANT ITEM MATERIAL SELECTION DATA SHEET

| f
UFP-FILT-00001A/B, 2A/B, 3A/B (PTF) ;“Jﬂ!ﬂﬂ,ﬂ |

Ultrafilter 1SBUED BY
®  Design Temperature (CF)max/fmin): 200/59 RPRWTP PDO
®  Design Presnure (peig) (max/min): 20040

*  Location: cutcell

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 shways aliailine, within the stated limits, st the normal operating temperature,

®  The vessel will be cleaned using 2 M HNOs, 2M cavstic or process condensate ot normmal operating temmperatures; the condition of high
ternperature and acid is not exsmined.

Materials Considered:
Materisi Relative Acceptable Unacceptable
(UNS No.) Cost Material Materisl
Carbon Steel 023 X
3041, (530403) 00 X
16L (S31503) 18 X
' i% Mo (NOSIST/NOED26) 7.64 X
Alloy 22 (N0S022) 114 X
Ti2 (R50400) 101 X
Recommended Material: 316 (max 0.330% C; dual certified)
Recommended Corrosion Allowance: 0,040 inch (includes 0.024 inch corrosion allowance 3
and 0.016 inch erosion allowance)

Process & Operations Limitations:
«  Develop rinsing/fiushing procedure for acid and water

Please note that source, special nuclear and byproduct materialg, as
defined in the Atomic Encrry Act of 1954 (AEA), are regulated at
the U.S. Department of Energy (DOE) facilities exclusively by DOE
acting pursuant 1o its AEA guthority. DOE asserts, that pursuant to EXPIRES: 12/07/0

the AEA, it has sole and cxclusive responsibility and suthonty to

regulate source, specia] nuclear, sid byproduct meterials at DOE-

owned nuckear faciltbes. Information conteined heretn on

radionuchides is provided for process description purpases only. This bound document containg 3 total of 7 shests,
I ermitting U .
3 fﬁ /ot ssued for P g Use @/ W& M
2 3/14/05 Issued for Permitting Use DLA JRD APR °
1 12/10/03 issued for Perrmitting Use DLA JRD SwWV
0 10415403 : Issued for Permitting Use DLAdler JRDiving SWVail
RE DATE REASON FOR REVISION PREPARER CHECKER APPROVER
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Corrosion Considerations:

a General Corrosion .

Harnner (1981) lists & corosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 jum/y) at 77°F and over 20 mpy at 122°F.
He shows 316 (and 316L) has a rate of less than 2 mpy up to 122°F and 50% NaCH. Dillon (2000) and Sedriks {1996) both state |
that the 300 series stainless steels are acceptable in up to 50% NaOH at temperatures up to about 122°F or slightly above.

Davis (1994) states the corrasion rate for 3041 in pure NaOH will be less than about 0.1 mpy up to about 212°F though Sedriks

states the dats beyond sbout 122°F are incorrect. Danielson & Pitran (2000), based on short term studies, suggest a corrosion rate

of about 0.5 mpy for 316L in simmlated waste 2t boiling, >212°F. In addition, Zapp (1998) reports that the Savanmsh River Site |
evaporator shells have successfully operated for 30 years af temperatores of about 300°F; 304L heat transfer tubes have survived

only about 10 years.

In this system, the norma! hydroxide concentrations and temperatures are such that 304L stainless steel will be acceptable.

The proposed acid cleaning requires an examination of the conditions in the system during that period. Wilding and Paige (1976)
have shown that in 5% nitric acid with 1000 ppm fluoride at 290°F, the corrosion rate of 3041 can be kept 2s low as 5 mpy by the
use of AI''". 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. Therefore, there is a concem about excessive corrosion retes during acid cleaning especially in the pores
of the filters unless the free fluoride concentration is kept low — even small amounts of corrosion can change the filter characteristics.
Keeping the vessel as cool as possible, below 100°F if possible would reduce the extent of attack by chloride (pitting and creviee
comasion) and, and with the addition of A", general comrosion due to fluoride. At the stated temperature and flucride complexants,
such as AI***, 304L would be suitable, provided there is strict control of the acid cléaning conditions. 316L would provide a greater
margin of safety.

Conclusion:

At the expected temperatures, 3041 is expected to be sufficiently resistant to the waste soletion with a probable general corrosion
rate of Jess than | mpy. During acid cleaning, in the presence of fluoride, 3161 is required as a minimum.

b Piiting Corrosion

Chloride is known 1o 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 bave
little effect in an alkaline media. - Jenkins (1998) has stated that localized corrosion can occur under the deposits on heat transfer
surfaces, probably due to the chlorides. Further, Revie (2000) and Uhlig (1948) note that nitrates inhibit chloride pitting.

Normally the vessel is to operate between 77 and 86°F. At the normal temperature, based on the work of Zapp (1998) and others, !
3041 stainless steel would be acceptable in the proposed alkaline conditions. ‘There is uncertainty abowt the behavior of the sintered
junctions in the filters in strong caustic.

Under acidic or neutral pH conditions, 2 more pitting resistant alloy may be needed. Depending on the temperature, concentration of
the chloride, and the duration of exposure during acid cleaning it might be feasible to use 316L stainless sieel. At a normal operating
ternperature and only residue! chlorides during nitric cleaning, 316L would be acceptable.

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 chiorides are expected to remain.

Conclusion:

Localized corvosion, such es pitting, is common but can be mitigated by alloys with higher nickel and molybdenum contents Pased
on the expected operating conditions and the intent to use acid washes inside the vessels 316L is the minimum acceptable. The
presence of crevices in the filter makes 316L the minimum acceptable material for the filters.

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

Conclusion:
Not expected to be a concern.

UFP-FILT-00001 A/B, 2A/B, 3A/B: Sheet:2 of 7 |
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d Stress Corrosion Cracking

The exact amount of chloride required 1o cause stress corrosion cracking is unknown. In part this is becavse the amount varies with
. metat sensitization, and the environment. But it is also imknown because chloride tends to concentrate under heat

transfer conditions, by evaporation, and electrochermcaﬂy during s corrosion process. Hence, even as little as a few ppe can lead to

cracking under some conditions. Generally, as seen in Sedriks (1996) and Davis (1987), chloride stress corrosion cracking doss not

usually ocour befow about 140°F. With the stated temperature and alkaline conditions, 304L. is expecied to be satisfacrory.

Conelusion.
At the normal operating environment, the alloy recommended is a 304L or 3161 stainless with 316L filter iebes 16 provide added
protection from the halides.

e Crevice Corrusion
See Pitting,
Conclusion:

See Pitting

£ Corvosion st Welds
Corrosion at welds is not considered a problem in the proposed environment.

Conclusion:
Weld corrosion is not considered a problem for this system except as noted above.

£ Micrebiologically Induced Corrosion (MIC)
The proposed operating conditions are not conducive to microbial growth,

Conclusion:
MIC is not considered a problem.

h Fatigue/Corrosion Fatigue

The presence of multiple tubes, presumably welded at both ends, is a petential concem. Proper design, using heat exchangu- industry
standards, will eliminate fatigue and corrosion fatigue concems.

Conclusions
Not & concern.

i Vapor Phase Corrosion

No significant vapor phase region is expected.
Coriclusion;

Vapor phase corrosion is not expected to be a concern.
J Erosion

Velocities within the vessel are expected to be low. Based on 24590-WTP-RPT-M-04-0008, a general erosion alluwanee of 0.016
inch is adequate for components with sofids content less than 27.3 wi%.

Conclusion:
Not expected to be a concermn.

k Galliag of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

1 Fretting/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

UFP-FILT-G0O0L A/B, 2A/B, JA/B: Sheet:3 of 7
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m Galvanic Corrosion
No dissimilar metals are present.

Conclusion:
Not applicable.

n Cavitation
None expected.

Conchesion:
Not believed to be of concemn.

o Creep .
‘The temsperatures are too low to be a concern.

Conclusion:
Not applicable.

p Inadvertent Nitric Acld Addition

Higher chloride contents and higher ternperatures usually require higher alloy materials. Nitrate ions inhibit the pitting and crevice
cofrosion of stainless alloys. Furthermere, nitric acid passivates these alloys; therefore, lower pH values brought about by increases in
the nitric acid content of process fluid will not cause highet corrosion rates for these alloys. The upset condition that was most likely
to occur is lowering of the pH of the vessel content by inadvertent addition of 2 M nitric acid. Lowering of pH may make 2 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 jon to the process fluid, In addition, adding the nitric acd 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.

UFP-FILT-00001 A/B, 2A/B, 3A/B: Sheet:d of 7
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CCN 110349
Revised Process Corrosion Data Sheet

PROCESS CORROSION DATA SHEET

Gomponent(s) (NameiD#)  Ukrafiitration feed vessela (UFP-VSL-O0002A/B) _ _
Ultrafiter (UFP-FILT-00001,2,3 A/B), Ultrafifration puise pot (UF P-PP-00001 2.3 A/

Facitity PTF Ultrafilter Heat Exchangers (UFP-HX-00001A/B)
In Black Cell? Yos (UFP-VSL-00002A/8 onty)
Unit* Contract Maximum Non-Routine Notes
Laach No lsach Lesch No Leach
g 3.61E+01 4755+
1.20E+01 1, 44E+01
n 1.42E+01 1.T2E001
g 1.89EH2 1.16E+02
N 2206402 2.83E+02
N | sesE01 TITEHDY
gn 4.81E+01 5,835401
o 2.56E+01 2085401
gl 1.18E+00 1.87E+00
@ | t0SEe02 1,06E+02
vi% = 2%
r(NaMnO&,Pb._) | ot | 1000 Now 4
LI
WA Note 3
.F '-“;! 2

MNotes:
1 Concentrations ibes than 1 1079 o ht heed 1 be teported, Ratvaluss 1o two sigrficant dipts m.
. T nocerm i openation 77 °F 1o 194 °F Rov
Alksling sirears with pH rangs from spproximetely 12 to 4
NahinO4 b added Jor cxicative leaching  The other chemichid should not be effected by cotdetive Jeaching.
jConcentralions may be lowered, but Jor cormesvatien i not change m this detashest.

Assumptions:
r.lmhmmm 1.1 Mol per mole ot Cr.,

Correction to note 2: Normal operating temperature in the Ultrafilter is 77°F and the maximum operating temperature is
86°F. Temperatures shown are specific to the Ultrafilter Feed Vessels (CON 112293).

UFP-FILT-00001A/B, 2A/B, 3A/B: Sheet:6 of 7
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Data

4143 Ultrafiltration Feed Vessels (UFP-VSL-00002 A/B), Ultra Filters (UFP-FILT-
00001A/B, 2A/B, 3A/B), Ultrafiltration Pulse Pots (UFP-PP-00001A/B,2A/B, 2A/B)

Routine Operations

These two vessels receive the feed from the ultrafiltration feed preparation vessels (UFP-VSL-

00001 A/B). The feed is then concentrated to 20 % solids by being pumped and recirculated through an
ultrafiltration loop. The tiquid fraction of the filtered feed is sent to the LAW vitrification facility. The
feed containing the 20 % solids is sampled to determine the appropriate treatment steps. Treatment of
the solids may include solids washing to remove excess sodium through dilution and ultrafiltration,
and/or caustic leaching by adding 19 M NaOH until the solution reaches 3 M, allowing a period of 8
hours for digestion, during which the solution is heated to between 176 °F to 194 °F, and then cooled
back to ambient temperature (77 °F). Afier cooling, the contents are reconcentrated to 20 % solids by
ultrafiltration. Ultrafiltration pulse-pots (UFP-PP-00001A/B, UFP-PP-00002A/B, and UFP-PP-
00003A/B) are used to performn back-pulsing on the ultrafilter tube units. Back-pulsing may involve
adding cleaning chemicals (2 M HNO3, 2 M NaOH, and process condensate).

Non-Routine Operations that Could Affect Corrosion/Erosion

There is the option to transfer the St/TRU solids directly to the HLW blending vessel (HLP-VSL-
00028), if necessary.

UFP-FILT-00001 A/B, 2A/B, 3A/B: Sheet:7 of 7 _ ]
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s T

UFP-VSL-00001A/B (PTF) RPR-WTP PDC

Ultrafiltration Feed Preparation Vessel Offspring items ~

e Design Tempenature (FYmax/min):. 15040 UFP-VSL-00801A. -

e« Design Pressure (psig) (max/min): 13-12 UFP-RIM-00001 - UFP-PIM-00004
»  Location: incell UFP-PIM-00044, UFP-PIM~00053
«  PJM Discharge Velocity (fpe): 40 URP-PJM-0010 — UFP-PIM-00106
e Drive Cycle: 17% (at40 fps) UFP-VSL-00001B —

UFP-PIM-00045 — UFP-PTM-00050
UFP-PIM-00101 — UFP-PIM-00102

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on attached Process Corrosion Data Sheet i
No maintenance will be performed on these vessels. |

Operating Modes Considered:

e Normal operating conditions . .

»  The vesse! may be cleaned using 2 N HNO, with residual chlorides and fluorides st norma] operating femperatures; the condition of
high temperature and acid is not exxnrined,

Materials Considered:

Materdal Relative | Acceptable Unacceptabie
(UNS Ns) Cost Material Material

Carbon Steel 023 X

304 (S30403) 00 X

316L (S31603) 18 X

6% Mo (NOBIS7/NOB926) 7.64 X

[CAfloy 22 (NO6022) 14 X
T5-2 (R30400) 10.1 X

Recommended Material: 316 (max 0.030% C, dual certified)
Steam Ejector: high temperature components of steam ¢jector located inside vessel shall
be UNS NO6022

Recommended Corrosion Allowance: 0.040 inch (includes 0.024 inch corrosion
allowance and 0.016 inch general erosion allowance;
localized protection is required as discnssed in section j)

Process & Operations Limitations:
¢ Develop flushingfrinsing procedure for acid and water.

Please note that source, specisl noclear and byproduct meterials, 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 sssevts, that pursupt to
the AEA, it has sole and exclusive responsibility amd authority to

regulate source, special nuclear, and byproduct raaterials at DOE-
owned nuclear facihities. Information contained herein on
radionuclides is provided for process description purposes only, This bound docurnent contains 8 fotsl of 7 sheets. |
IR N _
VAR

2 | 1fefog| 1ssued for Pemitting Use (1( 97)""%6 .

i 1724705 Tssued for Permitting Use “DLA JRD SWV
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Corrosion Considerations:

Waste is maintained at 77°F by use of a chiller jacket. For Envelope C waste only, conteats are heated to a temperature of
122°F necessary for S/TRU precipitation. A steam ejector is available to maintain the necessary reaction

Chemical reagent additions are 19M NeOH followed by 1.0 M Si(NOy), followed by 1M NaMnO,. It is enticipated
periodic acid cleaning will be necessary.

2 General Corresion

Hamner {1981 fists & corrosion mate for 304 (and 304L) in NaOH of less than 20 mpy (500 anvy) st 77°F and over 20 mpy at 122°F. He

shows 316 {and 316L) has a rate of lesy than 2 mpy up to 122°F and 30% NaOH. Dillon (2000) and Sedriks (1996) both state that the 300

series stainless sicels sre scceptable in up to 50% NaOH at temperatures up to sbout 122°F or slightly above. Divine’s work (1986) with

simulsted-radwaste evaporators, six months a1 140°F, showed 304L was slightly maore resistant to corrosion (<0.2 mery) than was 3161,

(<0.6 mpy); Ni 200, pure nicke], was moch lcan resistant (w7 mpy) probably due o the complexants. Zapp (1998) notes that the Sevannah !

River evaporator vetsels, operating s about 300°F, are made of 304L and have suffered no failures in about 30 years. The 3041 hest

transfer surfaces have fuiled, however, affer shout 10 years. Daniclson & Pitovan (2000), based on short term studies, suggest a corvosion

rate of about 0.5 mpry for 3161 in simulated waste at boiling, >212°F. Davis (1994) states the corrosion rate for 304L in pure NaOH wild be

Jexs than about 1 mgy up to shout 212°F though Sedriks states the comosion rate data beyond about 122°F sre low due to the presence of
idizing species.

Ohl & Carlos (1994) found in their review of the 242-A Evaporstor, in waste similsr to that expected in WP, that the corvosion of 3041 |

after about two yoars of operstion at 140°F was bess than the sccepted variability of the ariginal plate, Because of uncertainties in the

starting thickness of the metal, a revicw of the raw data was inconclusive.

There 13 2 concemn about excessive comosion mtes during acid clesning in the presence of the expeeted Jevels of fluoride. Acid wash should
oaly be performed at norme) operating temperaturcs in order to reduce the extent of attack by chloride (pitting and crevice comosion) and
general corrosion dve to fvoride.

Conclusion: : ]

At femperatures Jcss than about 140°F, 304L or 3161 arc expected to be sufficiently resistant to the waste solution with a probable general
corrosion rate of less than 1 mpy. Based on the Savannsh River experience with HanfordJike waste at higher temperatures, either 3041 or
316L is expected ta be satisfactory to J00°F.

b Pi¢ting Corrosion

Chloride is known 1o causs pitting in acid and neutral solutions. Dillon (2000) is of the opinion that in alialine solutions, pH>12, chlorides
mlikdymmmmmmlyuﬁmm Dillon and Koch (1995) are both of the opinion that fluoride will have little effect in an
alkaline medi

Normally the vessel in to operate between 71°F and 122°F. At the nommial terfiperature, based on the work of Zapp (1998) and others, 3041 |
stainless steet would be scceptable in the proposed alkaline conditions, IhdawﬂwwmhﬂprﬂntlﬁLmllbemmim:
%0 pitting duc to the chioride concentration.

I the vesael were filied with process water and left stagnant, there would bo a tendency to pit. The time to initinte wouki dependt on the
.source of the water, being shorter for fittered river water and longer for DIW, Thercfore, controls ca washing and rinsing are required.

The high termperature portions of the kigh pressure stesmn cjcctor that are ocated within the vessel shall be C-22.

Conclusion:
Localized corrosion, such a3 pitting, it common but can be mitigated by alloys with higher nickel and molybdesum contents. Based on the
expected opersting conditions and the possibility of acid washes inside the vesaely, 3161 is recommended.

¢ End Grala Corrosion
End grain corrosion only occurs in metel with exposed end grains and in highly oxidizing scid conditions. Acid cleaning should be
performed oaly at normal opersting iemperature.

Conclusion:
Mot applicable to this system.

d Stress Cervoulon Cracking

The exact amount of chioride required to cause stress comosion cracking is unknown. In part this is because the amount vanes with
tenperature, metal sensitization, wnd the environment. It is also unknown becsuse chioride tends 1o concentrate under heat transfer
conditions, by evaporation, and clectrochemically during a corrosion process. Hence, even as Little as 10 ppm can lead 1o cracking under

some conditions. Koch (1995) has noted that fluoride exacerbates chioride intergranular stress corrosion ¢racking. Genenally, as seen in
Sedriks (1996) and Davis {1987), stress corrosion cracking dozs nat ususlly occur below about 140°F. With the low ing tetrperatre
and alkaline conditions, 3041 and 3161 arc cxpeeted to be satisfactory in regands to resistance to chioride cracking, Davis (1987) suggests
caustic cracking is a concern above about 212F. However, Zapp”s work (1998) implies that neither 3041 nor 3161 will crack in waste. [

Conclusion:

Becauaeofmenmmlopmmsmvuunmtuwcllnﬂ:nwmchmmdmnsoﬁmﬂm conditions, snd possibility of acid washing,
304L. is the minirum alky recommended and 3161 may be marginally better.
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PROCESS CORROSION DATA SHEET

Component(s) (Name/lD #) Ultraftration feed ration veassa! (UFP-VSL-00001A/B)

Facility PTF
in Black Cell? Yos
Chemicals Unit' | Contract Maxinwsn Non-Routine Notes
Leach 1 Nolsh Loach NoLesch
m an 7 ZE08 S91E+01
hloride gt 2656401 2990
n | sueet | 34eee0r
n 0 5.80E401 5.50E+01
itrate o 4 S8E+02 SIELD2
o | vuEoz [ tecz
osphate ] 1.08E+02 § 16E:02
uifate o 5.58E+01 BATED]
Merc ot 506201 3 501
rhonate i) 1.90E+02 201Ev02
Undisxolved solid wi% 70N M Note 3
-
»
NIA_ Notwd
smperatury ¥ Nots 2
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WTP Process Corrosion Data

4.14.2 Ultrafiitration Feed Preparation Vessel (UFP-VSL-00001A/B)

Routine Operations

Envelope C processing includes solids removal and St/TRU precipitation. Therefore, this process is
opmtedsepmtelyﬁomﬂnotbﬁrenvelopes(xc Envelopes A/D, B/D). Feed during Envelope C
processing is received at a target molarity of 6 M sodium. If the feed is received too dilute, the feed
may be recycled to the waste feed evaporator feed vessels (FEP-VSL-00017A/B) for further
evaporation. Furthermore, if dilution of the feed to 6 M sodium is required, process condensate can
be added. Once the vessel level reaches the desired low-level set point for agitation, the pulse jet
mixers are activated. The pulse je! mixers nun continually umtil the vessel is emptied beiow the low
level set point.

The precipitation reaction requires a heated solution of 122 °F; therefore, a heating steam ejector is
available in the vltrafiltration feed preparation vessel to maintain the necessary reaction temperature.
Reagents are added to Envelope C contents in vessels UFP-VSL-G0001A or B to commence
precipitation. The final concentration of free hydroxide, suom:mandpmnganatesoluhonsare
1.0 M OH, 0.075 M Sr**, and 0.05 M MnOy, respectively. The addition also assumes that the initial
concentrations are zero in each case. Therefore, the volume of each reagent added is strictly based on
the initial liquid level (volume) in the vessel at the beginning of the reaction.

To perform an effective precipitation strike, the reagents are added in the following order. Initially,
19 M NaOH is added, followed by a sufficient amount of 1.0 M Sr(NO;); solution. The resulting
solution provides the conditions to precipitate out strontium as SrCQ;. Finally, enough 1M NaMNO,
is added to mathematically achieve a 0.05 M MNO, solution. The TRU components precipitate out
in the floculant. After digestion, the solution is diluted from 6 M to 5 M sodium and to cooled back

down to 77 °F through the operation of the chilled water cooling jacket. The cooling and dilution
sequences can occur at the same time.

Non-Routine Operations that Could Affect Corrosion/Erosion
None identified.
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Ultrafilter Permeate Collection Vessel Offspring items

»  Design Temperature (*F)(max/min): 120/40
s Design Pressure (psig) (max/min): 15/-£0.29
e Location: incell

= PIM Discharge Velocity {fps) 40

«  DriveCycle: 17 % (at 40 fps)

UFP.VSL-00023 — 00025, UFP-VSL-00032 - 00037
UFP-VSL-0072 — 00073, UFP-VSL-00082 - 00084
UFP-VSL-00051, UFP-VSL-00069 ~ 00670, UFP-VSL-00075
UEP.PIM-00018 - 00022, UFP-PIM-D00Y ~ 00043
YUFP-PIM-00051 — 00052, UFP-FIM-00076 - 00078
UFP-PIM-D0070, UFP-BIM-00073, UFP-PIM-00107
UFP-RFD-00027 — 00628, UFP-RFD-00030 - 00034
UFP-RFD-00037 — 00039, UFP-RFD-00042 — 000349

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on sheets 5 and 6

No maintenance will be performed.

Operating Modes Considered:
e Nermnal operating conditions are considered,

¢ The vessct may be cleaned using 2N HNG; with residual chlnndrs and fluorides at normal operating temperatures; the condition of ingh
temperature and acid is not examined,

Materials Considered:

Materiat Relative Acceptable LUnacceptable

{UNS No.) Cost Materisl Material
Carbon Steel ©.23 X
304L (530403) - 1.00 X
J16L (831603) 1.18 X
6% Mo (NOB367/N08S26) 164 X
Alloy 22 (NOGOZ2) 1.4 X -
Ti-2 (R50400) 101 X

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

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

Process & Operations Limitations:
»  Develop rinsing/flushing procedure for agid and water

wlitfes

Picase nate that source, special nuclear snd byproduct materials, as
defined in the Atomic Energy Act of 1954 (AEA), are reguisted ot
the U.S. Department of Energy (DOE) facilities exclusively by DOE
acting purssat to s AEA authority. DOE asgerts, that porguant to
the AEA, it hss sole and exclusive responsibility end autherity 1o
regulate source, Special nuctear, and byproduct materials st DOE-
owited nuclear facilities, Information contained herein on
radicnuclides is provided for process description purposes only.

[EXPIRES: 12007707 ]

This bourd document contains a 1ots] of 6 sheets.
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Corrosion Considerations: '

Permeate coliected in these vessels is sampled and then routed o the CXP system for further treatment. Permeate coliected from
solids washing s routed to PWD-VSL.00015 o1 PWD-VSL.000016.

3 General Corrosion o

Hamner (1581} lists a cotrosion rate far 304 (and 304L) in NaOH of less than 20 wpy (500 pm/y) at 77°F and over 20 mpy gt 122°F. He shows

316 {and 315L) has a raxz of less than 2 mpy up to 122°F and 50% NaOH. Dillon (2000) and Sedriks (1996) both state that the 300 series stainless
steels are acceptable in up to 50% NaOH at temperatures up 1o about 122°F or slightly above. Divine's work (1986) with simulated-radwaste
evaporators, six months at 140°F, showed 3041 was slightly more resistant 1o comosion (<0.2 mpy) then was 316L. {<0.6 mpy); Ni 200, pure

nicke], was much iess resistant (=7 mpy) probably due 1o the complexarts. Zapp (1998) notes thet the Savannsh River evaporator vessels, !
operating at about 300°F, are made of 304 L and have suffered no frilures in about 30 years; 3041 heat transfer surfaces have fatied however afier

about 10 years. Dani¢lson & Pitman (2000), besed on short term stdies, suggest a corrosion rate of abeut 0.5 mpry for 3161 in simubated waste at
boiling, »212°F. .

Davis (1994) states the comrosion rate for 304L in pute NaOH will be less than sbout 0.1 mpy up to sbout 212°F though Sedriks (1 996) states the
corasion rate data beyond about 122°F are too low. Uhlig {1943) has shown that pure nickel is resistant 1o corrosion by NaOH, However, as
Divine {1986) pointed out, the presence of tomplexing agents may reverse the wend. Agarwal (2000) states that the bigher nickel alioys are

highly cotrusion reststant though specific mention of alkaline media is nat made. The general literature mainly discusses cracking problems (see
below) rather than uniform corrosion,

The amount of dilution of fluaride during possible acid wash is imknown. Wilding and Paige (1976) have shown that m 5% nitric acid with
1000 ppstt fluoride at 290°F, the corrasion rate of 3041 can be Xept as low as 5 mpy by the use of AP, Additionally, Scdriks (1996) has noted I
with 10% (=2N) nitric acid and 3,000 ppm flucride at 158°F, the corrosion rate of 3041 is over 4,000 mpy. Thercfore, Where is a concem shout
excessive cormsion rates during eoid cleaning or should 2eid be from the Ultrafiltration Feed Vessels. Acid wash should only be performed at

normal operating temperatures in order to reduce the extznt of attack by chlotide (pitting and crevice cotrosion} 2nd generzl corasion due to

fluoride. Praperly protecied by temperature and fluoride complexants such as AT, 3041 may be suiteble. The tore resistant 3161, is

recommended together with thorough fushing before acid is added.

Conclusion: At tormperatures less than sbout 140°F, 304L. is expected 1o be sufficiently resistant to the waste solution with a probable general
corrosion rate of less than 1 mpy. During acid cleaning, in the pressnce of fluoride, 2 more tesistant alloy may have to be considered unkess steps

are taken to reduce the effect of the fiuoride. Assuming a limited time of exposure to acid and thorough washing, 0.04 inch cotrosion aliowance is
recommended.

b Pitting Corrosion

Chileride is known 10 cause pitting in acid and neutral solutions. Dillon (2000) is of the opinion ihat in aikaline soltions, pH>12, chlorides sre
likely to promule pitting only in tight crevices, Dilion and Koch (1995) are both of the opinian that {luoride will have {ittie ¢ffest in an alkafine l
medin. Further, Revic (2000) and Uhlig (1948) note nitrate inhibits chloride pitting.

Normaily the vessel is fo operate at 86°F. At the normal ucnmuéture. based on the work of Zapp (1998} and others, 304L stainless sice! would be f

accepiable in the proposed alkaline conditions. Under aridic or neatral pH conditions, 3161 will be more resistant to pitling due 1 the chioride
concentration.

If the vesset were filled with process water and left stagnant, there would be a tendency o pit. The time to initiate would depend on the sausee of

the warer, being shorter Yor (iltered river water znd Jonger for DIW, Pitting has been observed in both cases, though much less freq uently in DIw, '
Therefore, controls on washing and rinsing are reguired. ‘

Canclusion: Localized cowbsion. such as pitting, is common but cen be mitigated by alloys with higher nicke! and melybdenum coments, Baseg

on the expected operating conditions, 304L is expecicd to b satisfactory. Due to the possibility of acid washes inside the vassals, 3161 stainless
steel ig the minimum recommended.

¢ Etd Grain Corrosion
End grain comosion only occurs in metal with exposed end grains and in highly oxidizing acid conditions.

Conclusion: Possible, butnot believed likely in this system.

¢ Stress Corrosion Cracking

‘The exact amount of chloride required to cause stress corrosion eracking is unknown. In par this is because the amount varies with tenpesature,
metal sensitization, and the eavirontnent. But it 15 also unknown beesuse chiorids wends to concentrate under heat transfer conditions, by
evaporation, and clectrochemically during a corrosion process, Hence, even as littie as 10 ppm can lead to cracking under some conditions.
Generally, as seex in Sedriks (1996) and Davis (1987), stross corvesion eracking does not usually occur beiow about 140°F but this will depend on
conditions, Berhardsson et al (1981) suggest that if the chloride concentration is < 50 pprm, temperatures up to 260 are acceptable whereas

termperatures should be less than about 75°F if the chloride concentration approaches 196 (10,000 pprm), At the ftated temperature and aikaline
conditions, eifher 3041 or 316L is expetted 1o be satislaciory,

Conclusion: Because of the normal operating environiment as weli as that which can ocour during off normal conditions, the minirmwm atioy
recornmended is a 3041 stainless steel. ' ’
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e Crevice Corrosion
See Pitting.

Conclusion: See Pitting

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

Conclusion: Weld corosion is not considered a problem for this systemn.

£ Mizrobiclogically Induced Cerrasion (MIC)

The proposed operating conditions are not condutive to microbial growth ~ the wemperature is approximately comest but the pH is either toa
alkalins o too 2cid. Further, the system is downstream of the main entry peints of microbes.

Conclusion: MIC is not considered a problem.

h Fatigue/Corrosion Fatigue .
Under the stated operating conditions, corrosion fatigue is a vot expected 10 be a problem in a properly designed vessel,

Conclusions: Not considered 10 be a concern.

t Vapor Phase Corrosion
Not expected to be a concemn.

Conclusion: Not 2 concem.

j Erorlon

Based on past experiments by Smith & Elmore (1992}, the solids are soft and erosion 8 not expectzd 1o be a concemn for the vezsel wall, Based on
24590-WTP-RPT-M-04-0008, a general crasion aliowance of 0.004 inch s adequate for components with golids content less than 2 with. Because
of the negligible concentration of undissolved solids, no localized protection is necegsary for the spplicable partions of the bottom head 1o
accommodate PIM discherge velocities of up to 12 Vs for a usage of 100 % optration as documented in 24590-WTP-MOC-50-00004,

The PTM nozzle requires ho additional protection as documented i 24590-WTP-MOC-50-00004.
Conclusion: The recomarended comrosion allowance provides sufficient protection for erosion of the vessel.

k Gaiimg of Moving Surfaces
‘There are no moving surfaces within the vessels.

Conclusion: Not applicable.

1 Fretting/Wear
No contacting sutfaces ate expected,

Canclusion: Not considercd & problem.

m Gelvanic Corrosion
No dissimilar metals arc present.

Conclusion: Not applicable.

u Cavitation
Nome expected.

Conclasion: Not believed to be of concern.

o Creep
The icrperstures arc o6 low to be & concem.

Conclusion: Not applicable.

p Inadvertent Nitric Acid Addition

Higher chioride contents and higher termperatures usually require higher slloy materials. Nitrate ions inhibit the pittng and crevice j

staintzss alloys. Furthermore, nitric acid passivates these afloys; therefore, Jower pH vatlues brought sbout by m:rlusei in the nitl:c-ic mm of
process fluid will not cause higher corrosion rates for these alioys. The upset condition that was tnost likely to occur is lowering of the pH of the
vessel content by inadvertent addition of 0.5 M nitnic acid. Lowering of pH may rmake & chioridé~<ontaining solution mare iikely to cause pitting of
stainlegs &llgys. Incressing the nitric acid content of the process fluid sdds more of the pitting-inhibiting nitrats fon 1o the process Tuid. In additgiou.
adding the nitric acid solution o the stream wili dilute the chioride content of the process fluid.

Conciusian; The racommended materials will be able o withstand s plausible inadvertent addition of 0.5 M nitric acid for a limited period.
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24590-WTP-MOC-50-00004, Rev, D, Pear Allowance jor 7P Waste Slurry Systems
24590-WTP-RPT-M-04-000K, Rev. 2, Evaluation Gf Stainless Stee! Wear Rotes in WTP Wasie Streams At Low Velocities
24590-WTP-RPT-PR-04-0001, Rev. B, WTP Process Corrosion Dara

CCN 130172, Divine, JR, 1986, Lenier 10 AJ, Diliberio, Reports of Experimeniation, Battelle, Pacific Northwest Laboratories, Richland, WA '
99352

CON 130173, Ditlon, CF (Nickel Development Institute), Personal Commuunication to J R Divine (Chembzt, Lid., PO, 3 Feb 2000.

Agarwal, DC, Nicke! and Nickel Alioys, In: Revit, WW, 2000. Uklig's Corresion Handbook, 2nd Edition, Wiley-Interscience, New York,

NY 10158

Bertmrdsson, S, R Mellstrom, and J Oredlsora. 1981, Properdies of Two Highly corrosion Resistant Duplex Smmtzs:S:ecls. Paper 124,
presented &t Cotrogion 81, NACE intemational, Houston, TX 77218

Dunielson, MJ & 3G Pitman, 2000, Corrosion Tests of 3161 and Hastelloy 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 13, In "Metals Hundbook”, ASM Internationsl, Metals Park, OH 44073

Davis, JR (£4), 1994, Stainless Steels, ln ASM Metals Handbook, ASM Intetastional, Metals Park, OH 44073

Hamner, NE, 1981, Corrosion Data Survey, Metals Section, Sth Ed, NACE Internaticnal, Houston, TX 77218

Koch, GH, 1995, Localized Corrpsion in Halides Other Than Chlorides, MTI Pub No. 41, Materials Technology Institute of the Chemical
Process industries, inc, St Louis, MO 63141

Revie, WW, 2000. Ulig's Corrosion Handbook, 2nd Edition, Wiley-Interseience, New York, NY 10158

Sedriks, A, 1996, Corrosion of Stainfess Steels, Sotm Wiley & Sons, Inc., New York, NY 10158 ‘
Smith, H. D. and M. R. Elmnore, 1992, Corrosion Studies of Carbon Steel under Impinging Jets of Simulated Sturries of Newtralized Current
Acid Waste (NCAW) and Newsralized Cludding Removal Waste (NCRW), PNL-7816, Pacific Northwest Laboratory, Richland, Washington.
Uhlig, HH, 1M8, Corrosion Handbook, John Wiley & Sons, New York, NY 10158

Zapp, PE, 1998, Prelxmmary agsessment of Evaporator Materials of Construction, BNF--003-98-0029, Rev 0, Westinghouse Savannah
River Co., Ine for BNFL Inc. o
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Tank Cars, MA: PCO:90/01, January 16, 1990,
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245%0-WTP-RPT-PR-04-0001, Rev. B
- WTP Process Corrosion Data

PROCESS CORROSION DATA SHEET

Component(s) (Name/ID#)  Ulrsfilter permeate_collection vessel {UFP-VSL.000E2ABIC)

Facility P
in Black Celi? Yog
Chamicals Unit! Contract Maximum Non-Routine Netes
Leich N lazeh Leath Mo Laath )
Alumlnum 1] 3.15E01 . 397E+00
Chioride gl 1 21E+01 1,45E+01
F luoride g § AAE+01 1, 73E+M
h L[ anem 2B0E0
A 4 IR0 258640
g4 5,685+ B.O1E M
ol 4 B3E+M 865+
gt 25701 2,085+
ot 147507 1.946-02

|Carbonm ud 80301 2.93E+0
Lindissolved solids wi%
Other o4, Phb,... gt :

Other ok

H. NiA Mote 3
T am E."lwrl °F m
List of Organic Species:

Notes: i

. GonGahtmbions jess then 1 107 g o not nead 10 b repodex; it valuss to tws Sigri ot diglits mes.
12, 1 novmet cperstion 77 °F 1o mux 88 F (245805 TF MVT-UFP-00003, Rev )

(3, Mol pH approndmetety $2 to 14

A s sumptions:
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24590-WTP-RPT-PR-04-0001, Rev. B
WTP Process Corrosion Pata

4.14.4 Ultrafilter Permeate Collection Vessel (UFP-VSL-00062 A/B/C)
Rontiae Operations

Permeate collected in the ultrafilter permeate vessels (UFP-VSL-00062A/B/C) is sampled and then routed
to the cesium ion exchange process system (CXP) for further treatrnent. The permeate collected from
solids washing is routed to the acidic/alkaline effluent vessels (PWD-VSL-00015/00016), If necessary, the

permeate routed to the CXP system may be diluted with process condensate prior to transferring to meet
the 5 M sodiwm design basis requirement (SpG ~1.25),

Non-Routine Operations that Counld Affect Corresion/Erosion

Off-specification permeate (excessive turbidity) can be routed back to either of the ultrafilter feed
preparation vessels (UFP-VSL-00001A/B).
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Drawings and Documents
Attachment 51 — Appendix 8.11
Pretreatment Building
IQRPE Reports

The following drawings have been incorporated into Appendix 8.11 and can be viewed at
the Ecology Richland Office. New drawings are in bold lettering.

Drawing/Document Number

Description

24590-CM-HC4-HXYG-00138-01-01, Rev 0

IQRPE Integrity Assessment Report for
Secondary Containment El. -45

24590-CM-HC4-HXYG-00138-01-02, Rev 00C

IQRPE Integrity Assessment Report for
Below Grade PWD Ancillary Equipment

24590-CM-HC4-HXYG-00138-01-07, Rev 00B

IQRPE Integrity Assessment Report for
Below Grade PWD Tanks

24590-CM-HC4-HXYG-00138-01-13, Rev 00A

IQRPE Integrity Assessment Report for
El. 28 Secondary Containment

24590-CM-HC4-HXYG-00138-01-15, Rev 00A

IQRP Integrity Assessment Report for
Below Grade PWD Transfer Lines,
Secondary Containment, Ancillary
Equipment and Corrosion Assessment

24590-CM-HC4-HXYG-00138-01-18, Rev 00A

IQRP Integrity Assessment Report for
UFP Vessels

24590-CM-HC4-HXYG-00138-02-00013, Rev
00A

IQRPE Integrity Assessment Report for
PWD Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00014, Rev
00A

IQRP Integrity Assessment Report for
PWD-VSL-00015/16/44

24590-CM-HC4-HXYG-00138-02-00015, Rev
00A

IQRPE Integrity Assessment Report for
RI.D-VSL-00017A/B

24590-CM-HC4-HXYG-00138-02-00017, Rev
00A

IQRP Integrity Assessment Report for El
0 RLD Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00019, Rev
00A

IQRPE Integrity Assessment Report FEP
Vessels, Miscellaneous Treatment Units,
and Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00020, Rev
00A

IQRPE Integrity Assessment Report for
FEP-VSL-00017A/B, FEP-VSL-00005,
FEP-SEP-00001 A/B, and FEP RBLR-
00001A/B

24590-CM-HC4-HXYG-00138-02-00021, Rev
00A

IQRPE Integrity Assessment Report for
TLP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00022, Rev
00A

IQRPE Integrity Assessment Report for
El 56 Miscellaneous Treatment Units
Secondary Containment
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24590-CM-HC4-HXY(G-00138-02-00023, Rev
00A

IQRPE Integrity Assessment Report for
TLP Miscellaneous Treatment Units and
Vessels

24590-CM-HC4-HXYG-00138-02-00027, Rev
00A

IQRPE Integrity Assessment Report for
RDP-VSL-00002A/B/C

24590-CM-HC4-HXYG-00138-02-00028, Rev
00A

IQRPE Integrity Assessment Report RDP
Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00031, Rev
00A

IQRPE Integrity Assessment Report for
El. 77 Miscellancous Treatment Units
Secondary Containment

24590-CM-HC4-HXYG-00138-02-00033, Rev
00A ' ‘

IQRPE Integrity Assessment Report for
CXP Vessels

24590-CM-HC4-HXYG-00138-02-00034, Rev

IQRPE Integrity Assessment Report El.

00A 0 CXP Ancillary Equipment
24590-CM-HC4-HXYG-00138-02-00035, Rev | IQRPE Integrity Assessment Report El. 0
00C PVP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00036, Rev
00A

IQRPE Impendent Assessment Report for
CNP-VSL-00001/3/4

24590-CM-HC4-HXYG-00138-02-00037, Rev
00B

IQRPE Impendent Assessment Report for
CNP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00040, Rev
00A

IQRPE Integrity Assessment Report for
RDP-VSL-00004

24590-CM-HC4-HXYG-00138-02-00041, Rev
00A

IQRPE Integrity Assessment Report El. 0
RDP-VSL-00004 Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-00046, Rev
00A

IQRPE Impendent Assessment Report for
PJV-VSL-00002

24590-CM-HC4-HXYG-00138-02-00047, Rev
00A

IQRPE Impendent Assessment Report for
El. 0 PJV Ancillary Equipment

24590-CM-HC4-HXY(G-00138-02-00051, Rev
00A

IQRPE Integrity Assessment Report for
PVP-VSL-00001, PVP-SCB-00002

24590-CM-HC4-HXYG-00138-02-00054, Rev
00A

IQRPE Integrity Assessment Report for
TLP-VSL-00009A/B

24590-CM-HC4-HXYG-00138-02-00045, Rev
00B

IQRPE Integrity Assessment Report CNP
Miscellaneous Treatment Units

24590-CM-HC4-HXYG-00138-02-00057, Rev
00A ‘

IQRPE Integrity Assessment Report
for EL -2°.0” RLD Tanks RLD-TK-
00006 A/B

24590-CM-HC4-HXYG-00138-02-01 A, Rev A

IQRPE Integrity Assessment Report for
El. 0 Secondary Containment

24590-CM-HC4-HXYG-00138-02-02, Rev 00A

IQRPE Integrity Assessment Report for
FRP Ancillary Equipment, Rev. 1

24590-CM-HC4-HXYG-00138-02-03, Rev 00B

IQRPE Integrity Assessment Report for
FRP-VSL-00002A/B/C/D

24590-CM-HC4-HXY(G-00138-02-04, Rev 00B

IQRPE Integrity Assessment Report for
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TCP-VSL-00001

24590-CM-HC4-HXYG-00138-02-05, Rev 00A

IQRPE Integrity Assessment Report for
TCP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-06, Rev 00A

IQRPE Integrity Assessment Report for
UFP Ancillary Equipment

24590-CM-HC4-HXYG-00138-02-09, Rev 00A

IQRPE Integrity Assessment Report for
HLP Ancillary Equipment

24590-CM-HC4-HXY(G-00138-02-10, Rev 00A

IQRPE Integrity Assessment Report for
HLP-VSL-00022, 00027A/B, and 00028

RESERVED

RESERVED
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COGEMA-|A-083, Rev. 0

STRUCTURAL INTEGRITY ASSESSMENT
OF
THE PRETREATMENT FACILITY (PTF) ELEVATION () 2'-0”
SECONDARY CONTAINMENT OF RADIOACTIVE LIQUID WASTE DISPOSAL
SYSTEM (RLD) TANKS (RLD-TK-06006 A/B)

> -
. . Job Na. 2459C

Bechtel National, Inc.

1, B¢ Worl may proceed.
2. | Revige and resubmit, Work may procesd subject to resalntion of indicated comments,
3.1 | Revise and resubmit, Work may ot proceed.

4. | Review not reguired, Work may proceed.

Permission to proceed does not constitste aceeptance or approval of design details, calculations,
analyses, 165t miethods, or matetials developed or seiected by the supplier &nd does not relieve
supplier from ful] compliance with conwacrual obligations,

| I R T
i N N U I 71”7

7 -

G-321 Docurent Category U/ fr
[From Supplement A to G-321-E (E) or G-321-¥ (V) as appliceble, or “N/A™ if SSRS is used]

Supersedes BNI Do No.

e, applicable]
Accepu:d by ;w%‘ﬂ.&’_. #%K
[When app{xcable] Print Name Sigratare

A1 OPES 703 med

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 autherity. 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.

HAST0 -CM~ HEH - RXQ (- GO\BE gf - 6 005T) LEVOOL



COGEMA-IA-083, Rev. 0

~ IQRPE REVIEW
OF -
THE PRETREATMENT FACILITY (PTF) ELEVATION {-) 2'-0”
'SECONDARY CONTAINMENT OF RADIOACTIVE LIQUID WASTE DISPOSAL
~ SYSTEM (RLD) TANKS (RLD-TK-00006 A/B)

“l, Tarlok Hundal have reviewed and certified a portion of the design of a new tank

- system or component located at the Hanford Waste Treatment Plant,
owned/operated by Department of Energy, Office of River Protection, Richiand,
Washington. My duties were independent review of the current design for the
Pretreatment Facility (PTF) Elevation (-} 2-0” Secondary Containment of RLD Tanks
(RLD-TK-00006 A/B) as requirad by the Washington Administrative Code,

Dangerous Waste Regulatfons Sechon WAC 173-303~64D(3) {a) through (g)
applicable components.”

“ certify under penalty of law that | have personally examined and am familiar with
the information submitted in this document and all attachments and that, based on
my inquiry of those individuals immediately responsible for obtaining the information,
| believe that the information is frue, accurate, and complete. | am aware that there

are significant penalties for submitting false information, including the possibility of
fine and imprisonment.”

The documentation reviewed indicates that the design fully satisfies the
requlrements of the WAC.

The attached review is ten (10} pages numbered one (1) through ten (10).

| | EXP!RE:;‘I 506 |
W [l-=29- Q S

Signature Date




Pretreatment Facility (PTF) Elevation (-) 2'-0"

CQGEMA-IA-OSB, Rev. 0

Secondary Containment of RLD Tanks (RL.D-TK-00006A/B)

Scope of this Integrity
Assessment

-Scope

This integrity assessment addresses the Pretreatment Facility (PTF) Secondary Containment of RL.D tanks (RLD-TK-
00006A/B) located outside the north east end of the main building in an area designated as Area 7 and Room P-0150
at Elev. (-) 2'-0" as shown on Drawings 24590-PTF-P1-P01T-00001 and 24590-PTF-P1-P23T-00107.

Drawings

References

H-2-829714, Rev. 1, Privatization Site Legal Descriptions;

24599-BOF-P1-50- 00001 Rev. 5, RPP-WTP Plot Plan;

24590-BOF-C2-C12T-00002, Rev. 6, RPP-WTP Site General Arrangement Plan,

24590-BOF-CO-C12T-00003, Rev. 0, Abbreviations, Symbols and General Notes;
24590-BOF-CG-C12T-00001, Rev. 0, Final Grading Key Plan;

24590-BOF-CG-C12T-00007, Rev. 0, Final Grading Plan Area 7;

24590-PTF- P1- POTT- 00001, Rev. 6, Pretreatment Facility General Arrangement Plan at EL (-0";

24590-PTE- P1- PO1T- POO12, Rev. 6, Pretreatment Facility General Arrangement Sect. F-F and Sect. G-G;
245%0-FTF- P1- POIT- PO013, Rev. 5, Pretreatment Facility General Arrangement Sect. H-H and Sect. J-J.
24590-PTF-MT-RLD-00001, Rev. B, Equipment Assembly Process Condensate Tanks RLD-TK-00006A & 6B;
24590-PTF-P1-P23T-00107, Rev. 4, Pretreatment Facility Equipment Location Plan at EL. ¢°-0"/Area 7;
24590-PTF-DB-S13T-00025, Rev. A, Pretreatment Facility Structural Concrete Forming RLD Tanks Secondary Cont. Foundation

and Floor Plan;
24590-PTF-DB-S13T-00026, Rev. A, Pretreatment Facility Structural Concrete Forming RLD Tanks Secondary Confainment

Sections;
24590-PTF-DB-S13T-00027, Rev. A, Pretreatment Facility Structural Concrete Forming RED Tanks Secondary Containment

Sections & Details;
245%90-PTF-DG-813T-00028, Rev. A, Pretreatment F acxhty Structural Concrete Reinforcement RLD Tanks Secondary

Containment Foundation and Floor Plan;

24590-PTF-DG-S13T-00029, Rev. A, Pretreatment Facility Structural Concrete Reinforcement RLD Tanks Secondary Cont.
Sections & Details; _

24590-WTP-D0-S13T-00002, Rev, 2, Civil/Structural Standards Genera] Notes;

24590-WTP-D0-S13T-00003, Rev. 2, Civil/Structural Standards Abbreviations and Legend;

24590-WTP-D0-S13T-00004, Rev. 2, Civil/Structural Standards Concrete Notes;

24590-WTP-DG-813T-00001, Rev. 0, Civil/Structural Standards Concrete Reinforcement Details;
24590-WTP-DG-813T-00005, Rev. 3, Civil/Structural Standards Concrete Reinforcement Details, : ]

Suminary of Assessment

For each item of "Information Assessed" (i.e., Criteria) on the following pages, the items listed under "Source of
Information" were reviewed and found to firnish adequate design requirements and conirols to ensure that the design
fully satisfies the requirements of Washington Administrative Code, WAC-173- 303-640 Dangerous Waste

Regulations for Tank Sysicms.

11/29/05
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Pretreatment Facility (PTF) Elevation (-) 2'-0" COGEMA-IA-083, Rev. 0

Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed Source of Information Assessment
The Mechanical Data Sheet for Radioactive Liquid Waste Disposal
system (RLD} tanks (RLD-TK-00006A/B) lists the Quality Level as
Drawings listed above under References: Commercial Grade (CM) and Seismic Category as SC-11I for these
Tawings listed above under Relerences, tanks. The Quality Level and Seismic Category of the secondary
containment structure for these tanks are also appropriately identified
ﬁsﬁfﬁ%{?é??—?oogl’ E‘:&ED % |3 CM and SC-III, respectively, in the drawings and in the Secondary
00%% 6 A/;:Zf)- a cet for lan “*™" [Containment for RLD Tanks (structural design calculations). The
’ Structural Design Criteria and Pretreatment Building-Soil Springs
24550-PTE-DGC-513T-00035, Rev. A documents provide adequate applicable design guidance for the

S‘eccl):;l_ary g oqtamqa:nt(;‘.‘olr RlL ? Tag}l:: ’ foundation designs based on the site soil properties determined based
(including Engincering Calculation Change on the current geotechnical investigation reports for the WTP facility.

& .

= Notice, ECCN # 24590-PTF-DGE-S13T- The Structural Design Criteria recommends to design the mat on elastic

& - 00026, to Rev. A); . . o .

& |Description of subsurface 24590-WTP-DC-ST-01-001. Rev. 9 foundation using soil springs. The Secondary Containment for RLD

g | conditions and soil Structural Desi - Cr; cerine v Tanks (structural design calculations) used the soil spring constants as

£ |bearing capacity are N csigh \Aera, determined in the Pretreatment Building-Soil Springs document. The

3 24590-PTF-S0C-§15T-00010, Rev. 1, pe e e : e

= |adequate, Pretreatment Building-Soil Sprinas: specifications Site Work and Excavation and Back{ill identify the

g 24590-BOF-3PS CESO TOGOplr Rgx: 0. Sit limits and to remove unsuitable materials under the foundations. The

- Work : i} o - REV. T, ol Specification for Excavation and Backfill provides structural backfill
ork. requirements based on the geotechnical investigation report and

}2345?OdB(.)F“:;PS—$,EO 1.-TO? 0 II’ERCV' 21’ 4 {2pplicable codes and standards for the selection, placing, compacting,
ngmeering Speeification for Excavation and |4 packfill testing of candidate fill materials and completed backfills.

Backdfill; i ) . . ,
; The Specification for Material Testing Services provides adequate
245?0;?(.)1:%})8'%00%‘“)?0 II’MRfv‘.:]’ codes and standards for testing of the candidate structural fill materials
Tngt;n gng wpectlicalion lor Materl and in-situ testing of structural fills as they are placed. The codes and
estng Serviees. standards are consistent with those called out in the Specification for

Excavation and Backfill. The subsurface conditions and soil bearing
capacities (soil springs) are adequately described and or computed for
the secondary containment foundation design.

11/29/05 Page 2 of 10



Pretreatment Facility (PTF) Elevation (-) 2'-0" COGEMA-IA-083, Rev. 0

Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

Information Assessed Source of Information Assessment
24590-WTP-DC-ST-01-001, Rev. 9,
Structural Design Criteria; :
ASCE 7-98, Minimum Design Loads for | The Structural Design Criteria uses current adequate standards to -

Buildings and Other Structures, American define design loads and load combinations (ASCE 7-98 and ACI 318-
Foundation design loads Society of Civil Engineers; 99). l.)eafl and fluid loads are 'included in these 19ads and i‘uad
(including fuil tanks) and ACI 318-99, Building Code Requirements combinations. Settlement design parameters are included in the

, for Structural Concrete, American Concrete | Structural Design Criteria subsection on “geotechnical design
estimated seftlement are Institute; parameters and foundation design.” Review of the Secondary

adequately considered. |, 1590 bR DGC-S13T-00035, Rev. A Containment for RLD Tanks (structural design calculations) shows that
o Secondary Containment for RLD Tanks, the full loads of the tanks have been appropriately considered in the
& (including Engineering Calculation Change | foundation design.
2 Notice, ECCN # 24590-PTF-DGE-S13T-
g 00026, to Rev. A). . .
o ggignzrg ]s)iC Scl;i(t)l 'Of)l, Rev.9, The Structural Design Criteria references current adequate design
g CSiEn riera; . criteria for the design of concrete foundations and footings. ACI 318~
3 ACT 318-99, Building Code Requirements 99 is ref d for the design of SC-III struct Revi fih
k= for Structural Concrete, American Concrete s referenced for the design o ~istructures. Review ot the
Desi lculati Institute: ? Secondary Containment for RLD Tanks (structural design caleulations)
csIgn Ea c‘ézmp basis 2 455;90 ;:I‘F DGC-S13T-00035. Rev. A provides the design approach, basis, and methodology used for the
al?;mi;f and t; sdlgn as1s S :—i éﬂ ta'- t for RLD Frv‘ i design of the secondary containment foundations/footings. The above
of foolings With design ccondary Lontamment Tor K110 T4nKs, mentioned codes and standards, design approach, methodology, and
standard references {e.g., (mc_ludmg Engtnecnng Calculation Change basis delineated are appropriate and adequate for the foundation
ACI) are ad.f:quatc. ON{)(:]hZCGe! tE(I:{CN 1‘;34590-PTF-DGE-S 13T- design. The input parameters used in the GTSTRUDL computer code
2 4590’“3,1‘; ‘;}V éT 01-001 R 4 utilized for this secondary containment design are appropriates and the
Verifi - y B d ;; lida t_ e ft“l?’l L and output results have been appropriately validated via the Verification
eritication anc v a'idation Lest 2ian an and Validation Test Plan and Test Report document.

Test Report for GTSTRUDL.
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Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

COGEMA-1A-083, Rev. 0

Information Assessed

Source of Information

Assessment

Drawings listed above under References;
24590-WTP-3PS-DB01-T0001, Rev. 7,
Engineering Specification for Furnishing and | The materials for secondary containment structure and backfill used
Delivering Ready-Mix Concrete; ! under it are consistently identified in the specifications, drawings, and
24590-WTP-3PS-DG00-T0001, Rev. 3, calculations. The Specification for Furnishing and Delivering Ready-
.iEP Engineering Specification for Reinforcing Mix Conerete provides adequate current testing requirements for the
8 Steel; selection of coarse and fine aggregates and the procurement of
i Foundafion material is 245 90-PTF-DGC-S_13T-OOO35 ,Rev. A cementitious materials. Adequate test procedures are provided in the
& compatible with the soil Secondary Containment for RLD Tanks, Material Testing Services specification for testing candidate aggregates
3 " I{including Engineering Calculation Change | for chemical reactivity. Instructions for mixing and delivering ready-
= Notice, ECCN # 24590-PTF-DGE-S13T- mix concrete are adequate and current. As noted in the Basis of Design
& 00926, to Rev. A); document (Section 4.7), the groundwater table is more than 250 feet
24590-BOF-3PS-C000-T0001, Rev. 3, below the ground surface; therefore, no compatibility problem is
Engineering Specification for Material expected between the concrete foundations and the surrounding
Testing Services; backfill materials used under and around it.
24590-WTP-DB-ENG-01 001 Rev. 1C,
Basis of Design. ;
L The Structural Design Criteria includes adequate provisions to preclude
1‘ frost heave in the section addressing lateral earth pressure loads. All
@ Drawings listed above under Re fgi;enceS' structural foundations are required to extend into the soil bel.ow the
3 Foundati 1l withstand ~ : frost line to preclude frost heave. The frost line depth is 30 in. below
= ounaation witl wi n . the finished grade. The structural drawings show that the thickness of
% [the effects of frost heave |24590-WTP-DC-ST-01-001, Rev. 9, ) o
S Structural Design Criteria. conc.rete foundation rpat _of Room P-Oll 50 varies from ,4'5 fito3.25 1
= ! - and its bottomn elevation is at feast 39 in. below the finished grade or
below the finished concrete elevation, therefore, the foundation mat
will not be S@Ject to frost heave effects : |
11/29/05 Page 4 of 10




Pretreatment Facility (PTF) Elevation (-) 2'-0" COGEMA-IA-083, Rev. §
Secondary Containment for RLD Tanks (RLD-TK-00006A/B) '
Information Assessed " Source of Information Assessment
24590-WTP-DC-ST-01-001, Rev. 9, ) & L
Structural Design Criteria; This secondary containment structure is classified as seismic category
24590-WTP-SRD-ESH-01-001-02, Rev. 3x SC-1l structure. The Structural Design Criteria and SRD documenis
Safcty Requirements Document (SRD) provide codes and standards applicable for the design of SC-III
. Volume II. structures. These documents require using the ACI 318-99 concrete
£ _ ACI 318-99, Building Code Reqmrements for |code utilizing the UBC-97 code to determine the seismic forces for the
A |Seismic considerations | Structural Concrete, American Conerete design of SC-III structures. The ACI 318-99 code identifies all loads
@ |bhave been adequately Institute; and load combinations for design of the secondary containment
E |addressed. URC-97, Uniform Building Code reinforced concrete foundations and structures. These codes and
'ca'g International Conference of Building |standards are adequate and acceptable for addressing seismic
Officials; considerations. Review of the Secondary Containment for RLD Tanks
24590-PTF-DGC-S13T-00035, Rev. A sgcoﬂdary (structural design calculations) shows that the applicable seismic codes
Containment for RLD Tanks, (including and standard requirements have been appropriately considered and
Engineering Calculation Change Notice, ECCN # | complied with the design of this secondary containment sfructure.
24590-PTF-DGE-S13T-00026, to Rev. A). . ' '
24590-WTP-DB-ENG-01-001, Rev. 1C, Basis {I’h; Basis (‘)f D_cmgn states t}}:ath tank system §ha111 pfowde for sump and
of Design; cak detection equipment which are appropn?te y lined anfi any spills
245 90-W'i’P—PER—CS A-02-001. Rev. 7 are removed and flushed within 24-hr or as timely as possible. The
. e o Secondary Containment Design document provides details for
Secondary Containment Design. . . : . .
The stored waste is 24590-WTP-PER-M-02-001, Rev. 3, Material | 2PPlication of special protective coatings for this secondary
. o . it . containment area. Based on the detailed analysis of the corrosive
compatible with its Selections for Building Secondary : . : . .
2 |Secondary Containment | Containment/Leak Detection: properties of the expected waste process operations and evaluation of
= Aty »on . oL potential leak scenarios, the Material Selections and BNI CCN #
2 [and leak detection Bechtel National, Inc. (BNI) 126217 documents identify appropriate and adequate environmental
3 hard-w are baseld ona CCN # 126217, RFD Tank.Secox_]dary and corrosion resistant materials requirements for secondary
g |detailed chemical and Containment Coating Considerations- . . . . :
s - . . containment coatings, liners, sumps and leak detection equipment. The
3 {physical analysis of the  |Response to IQRPE Questions (T Coutts - . . X . . . -
, Engineering Specification for Field Applied Special Protective
wasles used and other email message to DC Pfluger, dated Nov. 23, Coati SPC des the sclecti s .
information sources. 2005, 10:23 AM); Oa“':gé‘l( s) provides the sclection (! orena used to df‘gm“"e
’ g 2D _ . acceplabie approved coating systems. ese test criteria include
éﬁs?l?ezgip S PeSc :;f zﬂi;rfgofgierl{;jx l,lie d chemical resistance endurance requirements and wear abrasion
Bt & 5P o fo pp resistance criteria. The above mentioned documents provide adequate
Special Protective Coatings for Secondary I 4
Containment Areas IEfomatxon that the maierials and hardware used are compatible with
. ) the waste

11/29/05 Page 5of 10



Pretreatment Facitity (PTF) Elevation (-) 2'-0" ¢ COGEMA-IA-083, Rev. 0
Secondary Containment for RLD Tanks (RLD-TK-00606A/B) ' ' R
Information Assessed Source of Information _ Assessment _ .
Drawings listed above under References; The Structural Design Criteria document identifies adequate and
’ appropriate design codes and standards and all applicable load cases
from site specific conditions that must be considered in the design.
The design shows that the g?iitw‘ﬁr;ég;%:g;ﬁm’ Rev. 9, Factors that were considered for special protective coating (SPC)
Secondary Containment | 2459 O-WTP-PER-M—02-0,0I, Rev. 3, Material material selection are adequately discussed in the Material Selections
has sufficient strength and | Selections for Building Secondary ?:fld BNI CCN # ;25217 documents. -Rj"(}e“.’ of the Sec:fmd_ary
thickness to prevent Containment/Leak Detection, ontainment for RLI} Tanks (structurg esign calculations) shows that
failure owing to pressure | Bechtel National, Inc. (BNI) all 90mp0nents of the. secondary c.ontam_ment h'ave been .adequately
"E,, gradients, static head CON # 126217 I,{LD-Ta nk Secondary designed for the apphcable loads including static head, light traffic and
E during a ;eleasc, physical | Containment C:)ating Considerations. equipment applicatmns3 and other qatgral phenomenon hazards. No
P | contact with the waste, Response to IGRPE Questions (T Coutts he.avy vehicular trgfﬁc is expected ‘ms:dc the berfned wgll area. The
climatic conditions, and | email message to DC Pfluger, dated Nov. 23, thickness of SPCis ade_quately dcmgnen.i 'to sustain applicable stress
the stress of daily 2005, 10:23 AM); and/or loading and environmental _condltmpS. The structura! design
operations (e.g., vehicular | 24590-PTF-DG C:Sl 3T-00035. Rev. A calcu-lauOns shqw that the fo_undatlon mat is adequately designed to
traffic). ’ Secondary Containment for RL,D Ta. nks, sustain the apphcable loads imposed by the RL.D-TK-0006A/B tanks to
: (including Engineering Calculation Change the mat at the .mterfa_\ce of tank boitom and top.of conerete pad. .
Notice, ECCN # 24590-PTF-DGE-S13T- However, the integnity assessment of the tank lpcludlng its anchorm'g
00026 ? to Rev. A) _ system to the concrete pad is out gf scope of this assessment. Integrity
’ e assessment of tanks is conducted in a separate report.

11/29/05 - : Page 6 of 10



Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Contamment for RLD Tanks (RLD»TK—00006A!B)

COGEMA-IA-083, Rev. 0

Information Assessed

Source of Information

Assessment

The Secondary
Containment system has
sufficient strengfh in the
presence of operational
stresses from site-specific
conditions {i.e., fraffic,
heavy equipment,
precipitation, frost).

Strength

Drawings listed above under References;

24590-WTP-DC-ST-01-001, Rev. 9,
Structural Design Criteria;
24590-WTP-PER-M-02-001, Rev. 3, Material
Selections for Building Secondary
Containment/Leak Detection;

Bechtel National, Inc. (BNI)

CCN # 126217, RLD Tank Secondary
Containment Coating Considerations-
Response to IQRPE Questions (T Coutts
email message to DC Pfluger, dated Nov. 23,
20035, 10:23 AM);
24590-PTF-DGC-S13T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-8137T-

The Structural Design Criteria document identifies adequate and
appropriate design codes and standards and all applicabie load cases
(operational stresses) from site specific conditions that must be
considered in the design. The Material Selections document considers
mechanical factors including foot traffic, fork lift operations, and
dropping of equipment. No heavy traffic or heavy equipment are
expected within the secondary containment walls, however,
precipitation and other applicable inclement weather and natural
environmental effects have been considered in the Material Selections
and BNI CCN # 126217 documents. The Secondary Containment for
RLD Tanks {structural design calculations) document shows that it has
adequate strength to sustain all applicable loads. The structural
drawings show that the thickness of concrete foundation mat of Room
P-0150 varies from 4,5 ft to 3.25 ft and its bottom elevation is at least
39 in. below the finished grade or below the finished concrete
elevation, therefore, the foundation mat will not be subject to frost
heave effects.

11/28/05
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Pretreatment Facility (PTF) Elevation (-) 2'-0"

Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

COGEMA-IA-083, Rev. 0

[ Information Assessed

Source of Information

Assessment

The Secondary
Containment is properly
supported by a foundation
or base in order to prevent
failure from seitlement,
compressiott, ot uplift,
including the residual
effects of installation.

Drawings listed above under References;

24590-WTP-DC-8T-01-001, Rev. 9,
Structural Design Criteria;
24590-BOF-3PS-CEQ0-T0G001, Rev. 0, Site
Work.

24590-BOF-3PS-CE01-T0001, Rev. 5,
Engineering Specification for Excavation and
Backfill;

24590-BOF-3PS-CO00-TO0C], Rev. 3,
Engineering Specification for Matenal
Testing Services;
24590-PTF-DGC-S13T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-S13T-
00026, to Rev. A).

The Structural Design Criteria adequately ldent1f ies the applicable
parameters to.be used for the foundation design. The design
requirements, codes and standards, and documents specified are
adequate fo satisfy the performiance goals of the secondary containment
structure. The technical specifications for Site Work and Excavation
and Backfill adequately provide adequate details for base material used
under the foundation and for its proper installation, The drawings show
the secondary containment location, boundaries, and details. The
specifications for Site Work and Excavation and Backfill identify the
removal of unsuitable materials under the foundations. Specification
for Excavation and Backfill also identify inspections, and materials and
compaction testing requirements to ensure adequate base support for
the foundation to prevent its failure due to settiement, compression, or
uplift including residual effects of installation. The Specification for
Matenal Testing Services provides current adequate codes and
standards for testing of the candidate structural fill materials, and in-
situ testing of structural fills as they are placed. Review of the
Secondary Containment for RLD Tanks (structural design calculations)
shows that the design process appropriately consndered all applicabie
factors for the foundation design.

Foundation Integrity

The placement, structural
support, and type of
material used for backdill
around and below the
Secondary Containment
are appropriate.

Drawings listed above under References;

24590-BOF-3PS-CE01-T0001, Rev. 5,
Engineering Spemf" ication for Excavation and
Backf{ill;

24590-BOF 3PS-C000-T0001, Rev. 3,
Engineering Specification for Material
Testing Services,
24590-WTP-PER-CON-02-001, Rev. 5,
Installation of Tank Systems and
Miscellaneous Unit Systems.

The drawings and Specification for Excavation and Backfill provide
specific material to be used under and around the secondary
containment foundations and contain placing and backfilling
requirements. The Material Testing specifications contain current
adequate industry standards for selecting and testing fill materials, and
testing not less than once each lift o ensure adequate compaction.
Requirements for testing and record keeping are current and adequate
for the backfill around and below the secondary containment.
Furthermore, the certification of construction by an independent
inspector as required per the Installation of Tank System document will
ensure that all tank system units including secondary containment
structural support and backfill placement comply with the applicable
documents,

11/29/05
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Pretreatment Facility (PTF) Elevation (-) 2'-0"
Secondary Countainment for RLD Tanks (RLD-TK-00006A/B)

COGEMA-IA-083, Rev. 0

Information Assessed

Source of Information

Assessment

Infiltration

The design or operation
(e.g., diking & curbing)
prevents run-on or
infiltration of
precipitation into the
Secondary Containment
system unless the
collection system has
sufficient excess capacity
(25 yr rainfall) to contain
the run-on precipitation.

Drawings listed above under References;

24590-WTP-DB-ENG-01-001, Rev, IC,
Basis of Design;
24590-PTF-DGC-S13T-00035, Rev. A
Secondary Containment for RLD Tanks,
(including Engineering Calculation Change
Notice, ECCN # 24590-PTF-DGE-S813T-
00026, to Rev, A). :

The Basis of Design document requires that secondary containment
structure shall be capable fo contain 100% liquid volume of the largest
tank in the group of tanks plus the precipitation from a 25-year, 24-
hour rainfali event. The Secondary Containment for RLD Tanks
(structural design calculations) and the drawings details show that the
secondary containment concrete foundation and walls are adequate to
contain the required volume of the liquid waste identified above and
will prevent infiltration from extemal Tun-ons.

The design includes an
external moisture barrier
or other means to prevent
moisture from entering
the cell.

Drawings listed above under References;

24590-WTP-DB-ENG-01-001, Rev. 1C,
Basis of Design.

Drawings show that water stops are installed at the intersection of the
berm walls and the foundation slab, which will prevent migration of
moisture fo and from the secondary containment structure.
Furthermore, the Basis of Design document (Section 4.7} states that the
groundwater table is more than 250 feet below the ground surface.
Therefore, external moisture entering the bermed area is of no concern,

Liner System

The containment arca is
free of cracks or gaps and
the design discusses
methods of their
minimization.

Drawings listed above under References;

Bechtel National, Inc. (BNI)

CCN # 126217, RLD Tank Secondary
Containment Coating Considerations-
Response to IQRPE Questions (T Couits

ernail message to DC Pfluger, dated Nov. 23,

2005, 10:23 AM);

24590 WTP-3PS-AFPS-TP006 Rev. 1,
Engineering Specification for Field Applied
Special Protective Coatings for Secondary
Containment Areas.

The drawings and BNI CCN # 126217 document identify the Special
Protective Coating (SPC) for the inside surfaces of Room P-0150 to be
an SC-N material coating system designation as described in the '
Engineering Specification for Field Applied Special Protective
Coatings. This specification also provides details addressing the
installation of acceptable approved SPC systems. These details address
surface preparation, patching and filler materials for cracks and gaps,
and application rules for multi-layer coatings. All these details and
methods of installation ensure mitigation of cracks and gaps.

11/29/05
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Pretreatment Facility (PTF) Elevation (~) 2'-0"
Secondary Containment for RLD Tanks (RLD-TK-00006A/B)

; COGEMA—IAf083, Rev. 0

Information Assessed

Source of Information

Assessment

Liner System

The design has considered
the compatibility of the
concrete liner or coatings
and waste and presents
information on coatings
planning to be used from
the manufacturer
addressing compatibility
with the stored waste.
The lining or coating
must prevent the waste
from migrating into the
concrete.

Drawings listed above under References;

Bechtel National, Inc. (BNI)

CCN # 126217, RLD Tank Secondary
Containment Coating Considerations-
Response to IQRPE Questions (T Coutts
email message to DC Pfluger, dated Nov. 23,
2003, 10:23 AM),
24590-WTP-3PS-AFPS-TP00G, Rev. 1,
Engineering Specification for Field Applied
Special Protective Coatings for Secondary
Containment Areas;
24590-WTP-PER-M-02-001, Rev. 3, Material
Selections for Building Secondary
Containment/Leak Detection;
24590-WTP-PER-J-02-001, Rev. 4, Leak
Detection-Sump Level Measurement in
Secondary Containment System;
24590-PTF-PER-M-04-0009, Rev. 0, Sump
Data for PT Facility Room P-0150;
24590-PTF-3YD-PWD-00001, Rev. 1,
System Description for Plant Wash and
Disposal System and Radioactive Liquid
Waste Disposal System RLD.

The drawings and BNI CCN # 126217 documents identify the Special
Protective Coating for the inside surfaces of Room P-0150 to be an SC-
N material coating system designation as described in the Engineering
Specification for Field Applied Special Protective Coatings document.
The Material Selections including the BNI CCN # 126217 document
contains adequate and appropriate information on the compatibility of
planned secondary containment SPC with the waste. The Engineering
Specification for Field Applied Special Protective Coatings provides
appropriate selection test criteria nsed to determine acceptable
approved coating systems. The test criteria include chemical resistance
endurance requirements and wear abrasion resistance criteria to ensure
that the applied SPC system will prevent migration of waste to and
protect the secondary confainment concrete. Furthermore, the Leak
Detection document provides detailed liquid level measurement
requirements to monitor any leak directed to and collected in the sump
(RLLD-SUMP-0003). Specific details of the sump are described in the
Sump Data document and as shown on the drawings. The System
Description document provides the requirements to monitor the sump
level and to pump out any liquid waste within 24 hours of its Jeak,
which also help prevent any migration of waste to the secondary
containment concrete.

11/29/05
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24590-LAW-PER-M-02-002, Rev 6
Flooding Volume for LAW Fadility
: Issued for Permitting Usa

1 Introduction

The Washington Administrative Code, WAC 173-303, requires that secondary containment be designed
and operated to contain 100 % of the capacity of the largest tank within its boundary for tank systems
containing dangerous waste. This report discusses the assessment of flooding volume that is required to
be contained for the low-activity waste vitrification (LAW) facility.

2 Applicable Documents

o WAC 173-303. Dangerous Waste Regulations. Washington Administrative Code.

3 Description
3.1 Flooding Volume Description for LAW Facility at —21 Ft Elevation

The only vessel in the LAW facility containing dangerous waste at —21 ft clevation is the C3/C5
drains/sump cotlection vessel (RLD-VSL—OOOM) In the event of a line break, vessel failure, or tank
overflow, flooding could occur in the cell. The C3/C5 drains/sump collection vessel (RLD-VSL-00004) is
in an enclosed C3/CS cell area, in room L-BOO1B (C3/C5 drain collection ceil).

To conservatively calculate the available area of the cell where the flooding volume could leak, the
largest cross-sectional arca of the vessel is subtracted from the cross-sectional area of the rectangular cell.
The required height of the liner is equal to the flooding volume divided by the available cross-sectional
erea of the room.

* In order to calculate the minimum height of C3/C5 drain collection cell (room L-BO01B) stainless steel
liner, the following 2 scenarios are congidered.

a Leakage and spillage of the C3/C5 drains/sump collection vessel (RLD-VSL-00004) when the total
volume of fluid contained in the vessel is discharged into the cell. The flooding volume is the larger
0f110 % (vsed as a conservative criteria) of the maximum operating volume of the largest vessel, or
100 % of the total volume of the largest vessel. The vessel total volume is defined as internal volume
of the vessel including the sheil and both heads. The total vessel volume of 1034 ft* is greater than
110 % of the maximum operating volume. Fire sprinklers are provided in this cell; therefore, 246 ft*
of fire watet from 20 minutes of sprinklers in the cell is added to the flooding volume. Thus, 1280 £
is the total volume used for calculating the cell liner height, Minimum liner height required for this
caseis 3.4 ft.

b The vessel is full and intact so only fire water ninoff from higher elevation floor drains is considered
for the flooding volume. This scenario is based on the design of the LAW facility systems and uses a
conservative volume of water for calculation of the liner height, almost 3 times the volume required
in WAC 173-303. As shown in Figure 1, several of the LAW facility floor drains, sumps, and
overflow lines drain to the C3/C5 drains/sump collection vessel (RLD-VSL-00004). In the event of a
fire, the fire water would collect on the higher elevations and drain to the tank, Since the tank is full
and not leaking in this scenario, fire water would flow out of the tank and into the cell via the
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24590-LAW-PER-M-02-002, Rev 6
Flooding Volume for LAW Facility
Issued for Permitting Usa
overflow nozzle. The fire area used in this scenario is the largest design requirement for the LAW
facility, Volume of 30 minutes of fire water outside of the cell is calculated o be 21,420 galions or
2864 f*. Minimum Yner height required for this case is 9.3 ft.

Based on these scenarios, the cell is lined with stainless steel plates to a minimum height of 9.3 . The
calculation for the volume of fire water includes a safety factor of 1.4 for conservatism and to compensate
for construction tolerances. The largest cross-sectional area of the vessel is used to conservatively
calculate the cross-sectional area of the rectangular cell, even though the cross-sectional area of the vessel
at the bottom is rouch smalier. Additionally, the actual liner height will be rounded up to the next half-
foot.

3.2 | Flooding Volume Description for LAW Facility at +3 Ft Elevation

LAWfacilityhasthcfollowingvessels,containjngdangmuswnste,intheprocesscells,andeﬁhmtoﬁl
rooms, at +3 ft elevation:

Process Cell Room L-0123

LCP-VSL-60001 melter I concentrate receipt vessel
LFP-VSL-00001 melter 1 feed preparation vessel
LFP-VSL-00002 melter 1 feed vessel

LOP-VSL-00001 melter 1 submerged bed scrubber (SBS) condensate vessel
LOP-WESP-00001 melter 1 wet electrostatic precipitator (WESP)
LOP-SCB-00001 melter 1 SBS

Pracess Cell Room L-0124

LCP-VSL-00002 melter 2 concentrate receipt vessel
LFP-VSL-00003 melter 2 feed preparation vessel
LFP-VSL-00004 melter 2 feed vessel

LOP-VSL-00002 melter 2 SBS condensate vessel
LOP-WESP-00002 melter 2 WESP

LOP-SCB-00002 melter 2 SBS

Efllnent Cell Room L-0126

RLD-VSL-00003 plant wash vessel

RLD-VSL-00005 SBS condensate collection vessel

3.2.1  Process Cells

The process cells have 6 vessels in each cell. Both process cells are identical in size and contain a similar
set of vessels.

For calculating the minimum height of stainless stee] liners for process cell rooms L-0123, and 1.-0124,
the following scenario is considered:

The total volume of fluid contained in the largest vessel is discharged by leakage or spillage into the cell.
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24590-LAW-PER-M-02-002, Rev 6
Flooding Vohume for LAW Facility
Issued for Pormiiting Uss

To conservatively calculate the available area of the cell where the flooding volume could leak, the
largest cross-sectional area of each of the vessels are subtracted from the cross-sectional area of the

- rectangular cell. The required height of the liner is equal to the flooding volume divided by the available
cross-sectional area of the room.

The liners are sized to hold 100 % of the total volume of the largest vessel or 110 % of its maximum
operating volume, whichever is greater. In all cases, the total volume is used because this is larger than
110 % of the volume up to the overflow nozzle. '

The Jargest vessel in each cell is the concentrate receipt vessel, (LCP-VSL-00001, -00002), and the total
volume for cach is 2428 ft’. This is the volume used for calculating the process cell room (10123 and |
L-0124) liner height. The available cross-sectional area of the room into which the liquid could flow is
calculated to be 1279 f%. The liner height is calculated by dividing the volume of the largest vessel

(2428 f*) by the available arca of the reom (1279 &#%).

The minimum liner height required for each process cell is 1.9 ft. Conservative values for the vessel
volume are used in the calculation of the liner height by using the volume of the vessel without
subtracting the volume of the internal equipment. The largest cross-sectional area of the vessel is used to
conservatively calculate the cross-sectional area of the rectangular cell, even though the cross-sectional
arca of the vessel at the bottom is much smaller. Additionally, the actual liner height will be rounded up
to the next half-foot. '

3.2.2 Effluent Cell

Effluent cell room L-0126 has 2 vessels in it. Both vessels are identical in size. Using the same method

as for the process cells, the total volume of each of these vessels is 3445 ft*. The available cross-sectional |
area of the room into which the liquid could flow was calculated to be 799 f%. The liner height is
calculated by dividing the volume of the largest vessel (3445 f*) by the available area of the room |
(799 ). '

The minimum liner height required for effluent ceils is 4.4 ft. Conservative values for the vessel volume |
are used in the calculation of the liner height by using the volume of the vessel without subtracting the
volume of the internal equipment. The largest cross-sectional area of the vessel is used to conservatively
calculate the cross-sectional area of the rectangular cell, even though the cross-sectional area of the vessel

at the bottom is much smaller. Additionally, the actual liner height will be rounded up to the next half-
foot.

3.3 Flooding Volume Description for LAW Facility at +28 Ft Elevation
LAW facility has the following tank, containing dangerous waste, at +28 fi elevation:

Caustic Scrubber Blowdown Pump Room, Room 1-0218
LVP-TK-00001 caustic collection tank
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33.1 RoomL-0218

Caugstic Scrubber Blowdown Pump Room, Room 1.-0218, at elevation +28 contains the caustic collection
tank (LVP-TK-00001). The tank sefs on a 6” high octagonal pedestal. Also located in this room are 4
pumps on individual pedestals. The room’s concrete walls with special protective coating are provided to
contain liquid in case of leakage. For simplicity, these walls will be referred to as the “secondary
containment”,

For calculating the minimum height of the secondary containment walls, the following scenario is
considered:

The total volume of the fluid contained in the tank is discharged by leakage or spillage in to the secondary
containment. In addition to this, if there is a fire in the arca during this event, the automatic fire
protection sprinkler systern will activate and add fire protection water to the fluid discharged from the
tank. Therefore, the secondary containment wall is sized to handle the volume of the fire protection water
from the sprinkler system over the design area for a period of 20 minutes in addition to the 100% capacity
of the tank.

To calculate the minimum secondary containment wall height, the available volume of the room and the
volume of fire water must also be calculated; altogether, the calculation is done in four steps.

Step 1: Calculate the volume of available secondary containment up to 6”. This step excludes the 6” tank
pedestal and the 4-6” pump pedestals from the available area.

Step 2: Calcuiate the volume of available secondary containment from 6” to 2*- 5 1/4”. This excludes the
area above the 4 pump pedestals to the height of the pump discharge. This area is conservatively
considered unavailable for the pumps themselves,

Step 3: Calculate the additional height of the secondary containment wall (above the first 2’ - 5 1/4”)
required o accommodate the remaining total tank volume: (Volume of the tank minus the volume
calculated in Steps 1 and 2) divided by the area of the room. :
Step 4: Calculate the volume of 20 minutes of fire water from the sprinkler system, multiplied by a safety
factor of 1.4. Calculate the height of the secondary containment wall for fire water by dividing the
volume of fire water by the arca of the room.

The secondary containment wall height required is then: 2’ -5 1/4” (Steps 1 and 2) plus additional height
of the wall (Step 3) plus height required for fire water (Step 4).

The minimum secondary containment wall height required for this room is 4 .

Page 4
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Appendix A

Calculation of Volume and Liner Height

Page A~}



24590-LAW-PER-M-02-002, Rev 6
Flooding Volume for LAW Facility
Issued for Permitting Use

Appendix A: Calculation of Volume and Liner Height

1  Purpose

The purpose of this calculation is to size the height of the liners in the process cells for LAW vitrification
facility at elevation ~21 fi and elevation +3 ft. C3/CS5 drains/sump collection vessel (RLD-VSL-00004)
room L-B0O01B is shown at clevation —21 & on drawing 24590-LAW-P1-PO1T-PO001 (LAW Vitrification
Building General Arrangement Plan at £1.~21° 07), Process cell rooms L-0123 and 1.-0124 and effluent
cell room 1-0126 on clevation +3 £ are shown on drawing 24590-LAW-P1-P01T-P0002 (LAW
Vitrification Building General Arrangement Plan At El 3' 0%).

Additionally, this calculation will size the height of the secondary containment with protective coating
required for the caustic scrubber blowdown pump room, Room L-0218 on elevation +28. This room is
shown on drawing 24590-LAW-P1-POLT-P0004 (LAW Vitrification Building General Arrangement Plan
At E1 28'0").

2 Criteria and Design Input
21 Process and Efftuent Cell Liner Height

To provide the worst case scenario, the vessels are conservatively assumed to be completely filled
(including the top head) and sitting on the floor, and that the largest vessel total volume is used as the
volume in determining the liner height. To allow for the worst case scenario, the volume of the vessel is
assumed to leak completely onto the floor.

The liners are sized to hold 100 % of the total volume of the largest tank or 110 % of its maximum
operating volume, whichever is larger. In all cases, the total volume is used because this is larger than
110 % of the volume up to the overflow nozzle.

In the case of C3/C5 drain collection cell (room L-BOO1B, EL. (-) 21), 2 scenarios are considered: namely, |
leakage and spillage of the C3/C5 drains/sump collection vesse! (RLD-VSL-00004), and collection of fire
water from higher elevation fioor drains when the vessel is full,

In the case of the process cells and the effluent cells, the largest vessel total volume is used as the volume
in determining the liner height.

The following vessels are contained within the process and effluent cells.

LCP-VSL-00001 melter 1 concentrate receipt vessel Room L-0123 El. +3°
LCP-VSL-00002 nelter 2 concentrate receipt vesscl Room L0124 ElL +3°
LFP-VSL-000601 melter 1 feed preparation vessel Room L-0123 EL +3°
LFP-VSL-00002 melter 1 feed vessel Room L-0123 EL +3'
LFP-VSL-00003 melter 2 feed preparation vessel Room 1-0124 El. +3*
LFP-VSL-00004 melter 2 feed vessel Room L-0124 "~ ElL +3°
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RLD-VSL-00003 plant wash vessel Room L-0126 El +3
RLD-VSL-06005 SBS condensate collection vessel Room 1-0126 EL +3°
LOP-VSL-00001 melter 1 SBS condensate vessel Room L-0123 ElL +3°
LOP-SCB-00001 melter 1 SBS vessel Room 1-0123 El, +3
LOP-VSL-00002 melter 2 SBS condensate vessel Room L-0124 El +3’
LOP-SCB-00002 - melter 2 SBS vessel Room L-0122 El +3°
LOP-WESP-00001 melter 1 WESP Room 10123 ElL. +3°

LOP-WESP-00002 melter 2 WESP Room L-0124 EL +3*

Location and size of the C3/CS drain collection cell (room L-B001B) is based on drawing
24590-LAW-P1-POIT-P0001 (LAW Vitrification Building General Arrangement Plan at El. =21’ 0").
Location and size of process rooms L.0123, and L0124 and effluent room L-0126, at clevation 3 ft are
shown on drawing 24590-LAW-P1-PO1T-P0002 (LAW Vitrification Building General Arrangement Plan
at El. 3'0").

For the C3/CS5 drain collection cell (room L-B001B), the fire protection system fire water nmoff from
higher elevation floor drains has been calculated on the basis of 3000 ft* of firc area. The density of the
fire water spray is 0.17 gal/min/ft*, for 30 minutes and multiplied by a safety factor of 1.4.

22 Secondary Coniainment Wall Height

The caustic collection tank (LVP-TK-00001) is located in the caustic scrubber blowdown tink room L-
0218 at clevation +28°-0”. The containment wall is sized to handle the volume of fire-protection water
from the fire protection system over the design area for a period of 20 minutes in addition to the 100%
capacity (or total volume) of the tank. The fire protection water automatic sprinkler design density is 0.17
gpovsq. ft. Location and size of room L-0218 at clevation +28 £ is shown on drawing
24590-LAW-P1-POIT-PO004 (LAW Vitrification Building General Arrangement Plan at El, 28' ).

3 Assumptions

None.

4 Methodology

As stated above in the criteria and design input section, to calculate for worst case, the calculation
methodology assumes that the vessels are completely filled and sitting on the floor and that the largest
tank leaks completely into the room. For the C3/C5 drain collection cell {room L-B001B), the maximum
leakage volume to the cell is fire water input from higher elevation floor drains to a filled C3/CS
drains/sump collection vessel (RLD-VSL-00004).
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4.1 Basic Equations

= 3.14
Area of a Rectangle = Length x Width

AreaofCircle =

Volume of Cylinder= %-Diz-h

Volume of Rectangular Room = Length x Width x Height

Area of a Regular Polygon =1/2 x a X p (where a= apothem and p = perimeter)
VolmneofF&eWater=AruofRoomxﬁrewatcrspraydcnsityx20minutesxl.4safetyfacmr

4.2 Room Dimension Equations and Symbology
L =length of room (ft)

W = width of room (ff)

H = height of room (ft)

A = area of room (/%)

4.3 Volume Calculation

Volume of a vessel or tank is calculated by using the following equations:

x*D.?

where:
V, = volume of the cylindrical portion of the vessel or tank
Dy = inside diameter |
Ly =tangent to tangent length
Volume (V) of 1 F&D (flanged and dished) head is calculated using the following equation:
V, =0.0847*D,

d=0.162*D,
d is the depth of the F&D head
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Refer to Pressure Vessel Design Manual (Moss, 1987).
Volume (V) of conical head is calculated using the following equation:

Ve = (13)*{(x/4)*( DY }*d
d is the height of the conical head

The total volume of the vessel or tank = volume of the cylindrical portion + volutne of top head +
volume of bottom.

44  Available Area for Liquid Containment

a) For Cells:

To calculate the possible area that the liquid in the vessel could leak into, the sum of the cross sectional
areas of the vessels is subtracted from the cross sectiona! area of the room.

Area available = area of the room minus sum of the cross sectional areas of the vessels (ff%)

The height of liner is equal to the volume of the largest vessel divided by the available area of room. This
excludes the cross sectional avea of the leaking vessel.

Height of the liner (ft) = volume of the largest vessel / area available
b) For Room: L-0218:

Room L-0218 contains 4 pumps and 1 tank. To calculate the possible area that the liquid could leak into,
the available volume of the room and the volume of the firewater mmust be calculated. This is done in four
steps, calculating available volume by height.

1. Available volume up to 6” excluding pump and tank pedestals.

2. Available volume from 6” to 2°- § 1/4” excluding area above pump pedestals to the height of the
pump discharge.

3. Calculate additional height required to accommodate the remaining total tank volume, Volume of
the tank minus the volume calculated in steps 1 and 2 divided by the area of room.

4. Calculate the volume of 20 minutes of firewater from the sprinklers multiplied by safety factor of
1.4. Calcuiate the height of the containment wall for fire water by dividing the volume of
firewater by the arca of the room.

The secondary containment wall height required is then: 2° - § 1/4” (Steps | and 2) plus additional height
of the wall (Step 3) plus height required for fire water (Step 4).
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5 Calculations

Complete calculations for the liner height are as follows for each individual

cell:

§1  C3/C5 Drain Collection Cell, Room L-B001B, Elevatior ~21 ft

Total Height
(including
Diameter Head Type bottom and top
Vessel Number (D))t | Ly ft (Flange and Dished) head) ft Remark
RLD-VSL-00004 10 11 F&D (bottom and top) 14.24

Volume of RLD-VSL-00004 = volume of cylindrical portion + volume of heads = 1034 ft

Two scenarios are considered:

a Collection of fire water nmoff when the vessel is full and intact with a safety factor of 1.4

b Leakage and spillage of the C3/C5 drains/sump collection vessel RLD-VSL.-00004

£1.1 Calcnlations

A Volume of fire water nmoff from higher elevation fioor drains will flow into the vessel, and if the
vessel is already full, water will overflow into the room (L-BOO1B). The calculation for the Liner
height is based on the 3000 ff* of firc area with 0.17 gal/min/fi® of firc water spray density for

30 minutes multiplied by a safety factor of 1.4.

Volume of fire water = 3000 £ x 1,17 galimin/fi? x 30 minutes x 1.4 = 21,420 gallons = 2864

Arca of the room available = (16.58 x 23.33) ~ 74 x (10)* = 309 f*
Liner height required = 2864/309= 9.3 ft

B If only the vessel fails (including 20 minutes of fire water from the in cell sprinkler system, multiplied
by a safety factor of 1.4), and there is no fire water runoff’ from higher elevation floor drains, then the
liner height is calculated as follows: (total area of the cell, including vessel cross-sectional area is

used)

Total volume of vessel RLD-VSL-00004 (using formula given in 4.32 above)
= Volume of the cylindrical portion + volume of top head + volume of bottom

= [1/4 x (10)* x 11] +[0.0847 x (10)*] + [0.0847 x (10)*}
= 863.94 + 84.7 + 84.7 = 1033.34, rounded to 1034 &
Area of the room = (16.58 x 23.33) =387 f?

Volume of fire water from in cell sprinkler system

= Arca of room x fire water spray density x 20 minutes x 1.4 safety factor

=387 #* x 0.17 gal/min/f® x 20 min x 1.4 = 1842 gal = 246
Liner height required = (1034 + 246)/387 = 3.31 &, rounded up t0 3.4 ft

Thus, based on the calculation in section A, the minimum required liner height is 9.3 £,
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52  Melter 1 and 2 Process Celis, Rooms 1-0123 and L-0124, Elevation +3 ft

Total Height
o | e |y | e | R |
_top head) ft
LCP-VSL-00001 14 12.75 | F&D (bottomand top) 17.29 h:lsg :;fl
LFP-VSL-00001 11 1046 | F&D (bottom and top) 14.02
L0123 1LFP-VSL-00002 11 1046 | p&D (bottom and top) 14.02
LOP-VSL-00001 12 8.12 | F&D (bottom and top) 12
LOP-WESP-00001 7 17 | F&D (bottom and top) 19
LOP-SCB-00001 10 6.5 | F&D (bottom and top) 9.74
LCP-VSL-00002 14 1275 | F&D (bottom and top) 17.29 Lm# mﬁ
LFP-VSL-00003 1 1046 | p&D (bottom and top) 14.02
LFP-VSL-00004 it 1046 | F&D (bottom and top) 14.02
Lo I or-vsL 00002 12 8.12 | F&D (bottom and top) 12
LOP-WESP-00002 7 17 | F&D (bottom and top) 19
LOP-SCB-00002 10 6.5 | F&D (bottom and top) .74
L

Vohmne of largest vesse] from table above = volume of cylindrical portion + volume of heads
={x/4 x (14)*x 12.75) + [0.0847 x (
=1962.71 +232.41 +232.4] =2428

13’] + [0.0847 x (14)"]

Area of the room available = (38.33 x 48.33) - [;/4 x {(T+ (11)*+ (12)° + (10)*+ (11)* +(14)*})

=1279 f*

(Arca of the leaking vessel was also subtracted for conservatism.)

Liner height required = 2428/1279 =19 ft

* Melter 3 room and tankage deleted from table.

5.3 Effluent Cell Calculations, Room L-0126, Elevation +3

: Total Height
ROOM | yoesel Number | Povmeter | Las Head Type ponendi®E | Remark
Number m)n ft hoad) ft P
Both
L-0126 | RiD-VSL-00003 16 14.66 | Flat top and F&D bottom 18 vthei:whin
o0m
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RLD-VSL-00005 16 14.66 | ¥lat top and FAD bottom 18

Volume of the largest vessel from above table

= volume of the plant wash/SBS condensate collection vessel (RLD-VSL-00003/RLD-VSL-00005)
= volume of cylindrical portien + volume of F&D bottom + volume of flat head (cylindrical) portion
= [r/4 x (16)* x 14.66) + [0.0847 x (16)°] + [n/4 x (16)* x {18 ~ 14.66 — (0.162 x 16)}]

= 2947.57 + 346,93 + 150.39

= 3445 f*

Area of the room available = (38.33 x 31.33) - [n/d x {(16)*+ (16)*}} =799 &
(Area of the leaking vessel was also subtracted for conservatism.)

Liner height required = 3445 / 799 =4.32 ft, round up to 4.4 &

54  Caustic Scrubber Blowdown Pump Room, Room 1.-0218, Elevation + 28

Room Tank Diameter | Ly Total Height
Number | Number (1198} ft Head Type (mep Remark
B d = height of
. conical head
Flat
L0218 | LVP-TR- | 13 | 3432 m&w& 1541 portion
00001 1: 6 stope d=(Di/2) x (1/6)
{due to 1:6 slope)
Volume of the tank from above table

= Volume of the caustic collection tank (LVP-TK-00001)

= Volume of cylindrical portion + volume of conical head portion
= [n/4 x (13)*x 14.32] + [1/3 x =/4 x (13 x {1.08}]

= 1899.76 +47.76

= 1948

Dimensions of the pump pedestals, 4 ezch, are as follows:
50ftby1.83 &t

Step 1: The secondary containment ares: has a 0.5 ft high octagonal pedestal for the tank and the distance
between the parallel sides of the pedestal is 15 R, Each side of this octagonal pedestal is 6.21 ft.

Usingthéequaﬁon for a regular polygon:
‘The area of the tank pedestal is = 1/2x 7.5 x 8 x 6.21 = 186 f*

The area of Room 1.-0218 can be calculated by dividing the room into three rectangles. Refer to the
general arrangement drawing for elevation +28 (see References).

The area of the room available for secondary containment up to 0.5 ft height is
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= {Area of the room} — {cross sectional area of pump pedestals} — {cross sectional area of the tank
pedestal) ) '

= {(9.19 x 21.25) + (15.25 x 22.33) +(5.35 x 19.25)} — {4(5 x 1.83)} - {18642}

= {(195.29) + (340.53) +(102.99)} - {36.60}) ~ {186.42}

= 638.81 — 36.60~ 186.42 = 415.79 ft*

Volume of liquid contained by 6” high containment wall = 415.79 x 0.5 = 207.90 &

Step 2: Calculate the volume of available secondary containment from 6™ to 2°- 5 1/4” (the height of the
pump discharge). This excludes the area above the 4 pump pedestals to the height of the pump discharge.

= {(Area of Room) - (Cross sectional area of pump pedestals)} x {height of containment wall}
= {(638.81%;— (36.60)} x {1.94}
= }168.29

Total volume of liquid contained by 2° - § 1/4” high containment wall = 207.90 + 1168.29 = 1376.19 f°

Step 3: The height of wall required to accommodate the remaining total tank volume (above the first 2* -
5 1/4”):

= {(Volume of the Tank) — (1376 19)} / {Area of the room}

={(1949.97) - (1376.19)} / {638.81}

= 573.78 /63881 =09 fi.

Step 4: If there is fire in the area during this event and the fire water sprinklers activate, the volume of

wamraddedmﬂlesemduycontaunmntmﬂbebaseduntheﬁremwrspnydmmtyofﬂ 17 gal/min/fi?
for 20 minutes multiplied by a safety factor of 1.4.

Volume of fire water = Area of containment in f® x 0.17 gal/min/f® x 20 mimutes x 1.4
= 638.81 f* x 0.17 gal/min/ i x 20 minutes x 1.4
=3040.74 gallons = 406.49 A*

Therefore, additional height of containment wall required to accornmodate firewater volume
= Volume of firewater / {Area of the room}
=406.49 / 638.81 = 0.64 f

Therefore containment wall height required = 2.4 + 0.9 +0.64 = 3.98 roundsed offto 4 .

6 Summary
The minimum required liner heights using the method above for the rooms are as follows:
Table of Liner Height
Minimum Liner | Liner Height Rounded Up
Cell Room Number Height to Nearest Half Foot
C3/C5 Drain Collection Cell L-B001B 93 f#t 9.5 &t
M1 Process Cell L0123 1.9 ft 20ft
M2 Process Cell L0124 191 208
Effluent Cell L-0126 44 ft 451t
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Table of Secondary containment Wall t with Special Protective Coating

Minimum Wall | Wall Height Rounded Up
Room Room Number Height to Nearest Half Foot
Caustic Scrubber Blowdown
Pump Room L-0218 398 fit 41t

7  References

24590-LAW-P1-POIT-POOOL, LAW Vitrification Building General Arrangement Plan at EL. =21°0" Rev.
2

24590-LAW-P1-PO1T-P0002, LAW Vitrification Building General Arrangement Plan at El. 3’0" Rev. 3
24590-LAW-P1-POIT-P0004, LAW Vitrification Building General Arrangement Plan at El. 280" Rev. 1
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Drawings and Documents

Permit Number: WA7890008967
Modification to Revision 8

Expiration Date: September 27, 2004
Page 1 of 1

Attachment 51 — Appendix 9.9
Low Activity Waste Building
Material Selection Documentation

The following drawings have been incorporated into Appendix 9.9 and can be viewed at
the Ecology Richland Office. See Appendix 7.9 for material selection documentation
common to the Pretreatment, LAW, HLW, and Laboratory buildings. New drawings are

in bold lettering.

Drawing/Document Number

Description

24590-EAW-NAD-LEP-POOGTev-0

Matertal-Selection Data-Sheetfor LCP-
VSE-600012

24590-LAW-N1D-LCP-P0001, Rev 1

Material Selection Data Sheet for LCP-
VSL-00001/2

24590-LAW-N1D-LFP-P0004, Rev 0

Material Selection Data Sheet for LFP-
VSL-00001/2/3/4

24590-CAW-NID-EOP-POGOL, Rev-0

Muaterial Seleetion-DataSheetfor LOR-
SEB-600612

24590-LAW-N1D-LOP-P¢001, Rev 1

Material Selection Data Sheet for LOP-
SCB-00001/2

24590-FAW-NID-LOP-00002, Rev-0

Material-Seleetion Data-Sheet-for LOPR-
VSLE-000012/3

24590-LAW-N1D-LOP-00002, Rev 1

Material Selection Data Sheet for LOP-
VSL-00001/2/3

24590-LAW-N1D-LOP-P0003, Rev 0

Material Selection Data Sheet for LOP-
WESP-00001/2 '

24590-LAW-N1D-LOP-P0004, Rev 0

Material Selection Data Sheet: LOP Offgas
piping (downstream of film cooler to SBS

entry)

24590-LAW-N1D-LVP-P0002, Rev 0

Material Selection Data Sheet for LVP-TK-
00001

24590-LAW-N1D-R1.D-P0001, Rev 1

Material Selection Data Sheet for RLD-
VSL-00004

24590-LAW-N1D-RLD-P0002, Rev 0

Material Selection Data Sheet for RLD-
VSL-00005

24590-LAW-N1D-RLD-P0005, Rev 0

Material Selection Data Sheet for RLD-
VSL-00003

RESERVED

RESERVED




24590-LAW-N1D-LCP-P0001

Rev.1
PLANT ITEM MATERIAL SELECTION DATA SHEET o
LCP-VSL-00001 & LCP-VSL-0002 (LAW) I l!l’lm’ljllll
LAW Concentrate Receipt Vessel Offspring items
¢ Design Temperature (*F)(max/min): 150/40 : LCP-AGT-0000] -- LCP-AGT-00002
s Design Pressure (psig) (max/min; 15/FV l
e Location: process cell HOUED By

Contents of this document are Dangerous Waste Permit affecting
Operating conditions are as stated on attached Process Corrosion Data Sheet |

Cannot be maintained during the 40 year design lire. |_

Options Considered:
*  The vessel is filled with waste at up to 122F.
»  The vesse] will be washed with process water or cavatic.

.
Materials Considered: _
Materia) Relstive Acceptable Unaccepiable
| __(UNSNe) Cont Mitarial Material
Casbon Steel 0.23 X
3041, (530403) 1.00 X
316L (S31 1.18 X
6% Mo (NOSI67/NO8926) 7.64 X
Alloy 22 (NOG0Z2) 114 X
Ti-2 (RS0400) 0.1 X

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

Recommended Corrosion Allowance: 0.040 inch (inciudes 0.024 inch corresion allowance
and 0.016 inch general erosion aliowance)

Process & Operations Limitations:
¢ Develop rinsing/flushing procedure for acid end water.
e Devclop Iay-ip sirategy.

Plosse note that source, special noclesr and byprodect materials, as
defined in the Atomic Energy Act of 1934 (ARA), nre regulated st the
U.S. Dxpartroent of Energy (DOE) facilities exchusively by DOE acting
pursunt to its AEA suthority. DOE ssserts, that pursuant to the AEA, it
hag g0le and exchugive responsibility and suthority o regulate source,
special nuclesr, snd byproduct nterials st DOE-ovwied nuclear facihities.
Information contained herein on radionuctides is provided for process
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Corrosion Considerations:

Veasels receive waste for melter feed.. Operating temperature range is 77 to 150°F, with a nominal operating temperuture of
122°F, and operating pH range is 11 to 14.5. Spray nozzles are present to spray inside of vessel with demineralized water.
NaOH is also svailable to the spray nozzles. Vessels have mechanical agitators and internal transfer pumps.

a General Carraslon

Hanmer (1981) lists a corrosion rate for 304 (and 304L) in NaOH of less than 20 mpy (500 pnv'y) at 77°F and over 20 mpy at 122°F. He also
states 316 (and 316L) has 2 rate of less than 2 mpy in 50% NaOH at temperatures up to 122°F. Dillon {2000) and Sedriks (1996) both state thet
the 300 series stainless stocls are acceptable in up to 50% NaOH at temperatures up to about 122°F or slightly above. The cosrosion rate for
J04L in pure NaDH is expected (o be jcss than about 1. mupm.hmﬂ?ﬂhwﬂ&dﬁhmthhuwm 122°F are incorrect
due 10 the presenice of oxidizing agents.

In this system, the nocrmal pH, nitrate concentrations and tempesutures are such that 3041 and 316L stiniess steels will be acceptable.

Conclusion:
304L or 316L is expecied to be sufficiently resistant 1o the waste solution with x probable gencral corrosion rate of Tess then | mpy.

b Pitting Cerresion

Chiaride is known to cause pitting of stainless steels and reiated alloys in acid and neutral sofutions. Dillon (2000) is of the opinion that in
alialine sobutions, pH>12, chiorides are likely to promiote pitting only in tight crevices such as might form after partial removal of deposits
during multiple rinse cycles. Dillon and Koch (1993) sre both of the opinion that fluoride will have little effect in an aliatine media.

The noming} opersting temperature for these vesscls in 122 °F. At this temperature, 3041 or 3161 stainleas steels would be acceptable in the
proposed alkaline-nitrate waste.

If the vesael were flled with process water and fcft stsgrant, there would be a tendency 1 pit. The G W initiske would depend on the source
of the water, being shorter for filterad river water and Jonger for DIW. Pitting has deen chserved in both cases, probably becsuse residual
chiorides are likely to remain.

Conclusion:
Lonliudcmuim.m-mmuwnmhnmbemmmd.irm bychloridu.umgslluywrithhiglunkwmdmymmm
contents. Based on the expected operating conditions, 316L is expected t be satisfactory.

¢ Ead Grals Corroslon
End grain commosion only occurs in metal with exposed end grains and in highly axidizing acid conditions.

Conclusion:
Not applicable to this system.

d Stress Corrosion Cracking

The exact amount of chioride required to cause stress comosion cracking is unknown. In part this is becawse the snount varies with
temperature, metal sensitization, the environment and also becaunse chioride tends to concentrate under heat transfer conditions, by evaporation,
and electrochemically during & corrosion process. Hence, even as little a3 10 ppm can lead to cracking under some conditions. Generally, as
soeny in Sedrika (1996) and Davis (1987), chioride stress coraion cracking does not usually occur below sbout 140 °F. With the proposed
teroperatures, 3161 s recornmended.

Conclution:

At the normal operating conditions, 3161 stainless is the minimum recommended.
¢ Creviee Corrosion

Sec Pitting.

Conclusion:
See Pitting.

{ Corroslon at Welds
Corrosion at welds is not considered & problem in the proposed environment.

Conclusion:
Weld corrosion isnot consigered a problem for this system under nosmal operating conditions,
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2 Micreblologienily Induced Corvosien (MIC) L

The normal opersting conditicns sre not conducive to microbial growth.
Conclusion:

Not a concern.

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

Conclusions
Not expected to be a concermn.

§ VYapor Phase Corroslen
Vapor phase corosion will be a function of the degree of agitation, solution chemistry, and terperature. Under the stated conditions, and with |
the presence of wash ringa in the vesse), vapor phase corrosion does not appear to be a concem.

Conclusion:

Not expected ta be a concem.

§J Eroslon

Velocitics within the vessel are expecied to be smafl. Based on 24590-WTP-RPT-M-04-0008, » general erosion allowance of 0.016 inch is
" adequate for components with solids content less than 27.3 we%%.

Conclusion:
Not expecizd 1o be a concem.

& Galling of Moving Surfsces
Not applicable.

Conclusion:

Not applicable.

1 Frettiag/Wear
No contacting surfaces expected.

Conclusion:
Not applicable.

m Galvanic Corrosion
No significantly dissimilar metals sre present.

Conclusion:
Not expected ta be a concem.,

» Cavitntion
None expected.

Conclusion:
Not befieved to be of concem.

o Creep
The temperatires ar¢ 100 low to be a concern.

Conclusion:
Not applicsbie.

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

Conclusion:
Not applicabl
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PROCESS CORROSION DATA SHEET
Component(s) (NameID #)  LAW concentrate receipt vesssi (LCP-VSL-00001, LCP-VSL-00002}

Facility LAW
In Biack Cell? No
Chemicals Unit' |  Contract Maxinum Non-Routine Notes
_isach o feach Leach NoLeach
um gh | 3701 363E+0
loride _an AB4EA01 200E+01
g1 | 1.84E+01 2B+
o4 246400 200E400
2TEMNZ 289402
Nitrite an 8226401 B.0EH
e - S9€+01 8.30E+01
on_ | 31ee.01 243601
ercury gt BA8E00 A1E0D
g 1202 L11EG2
solids weh S0% 4PN
) 800601 204E-02
9
ey NA Note 2
T ¥ [Nobs 3. Nots 4

Notes: .
. Conpenirstions lees then 1x 10 gA do not need 40 be mporied; Siet valuss 4 two signdicant digits max.
2. pH 11 10 14.5 {2E00-WTP-MACA1 1T.00006, Rav A)
3. T oparation 77 °F %o 150°F, T nominal 122 *FEAM0-LAW-MVC-LIFP-00001, Rev C)
The 130 F s musirien empersture rom prefreniment and no addiior| design margin is requined.

{Assumptions: .
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6.1.1. LAW Concentrate Receipt Vessels (LCP-VSL-00001 and LCP-VSL-00002) -

Routine Operations

LAW concentrate receipt vessels (CRV) are designed for receiving waste for melter feed. The
equipment associated with the CRVs that promote decontamination and decommissioning includes:

s  The internal spray nozzics that spray the inside of the vessel with demineralized water

¢ Flushing the inside of the vessel with demineralized water (from spray nozzles or transfer from the
PT facility) draining of the vesscl heel, use of other decontamination solutions (NaOH and so an)
through header connections to the spray nozzles during final decontamination and decommissioning

* Each LAW CRYV is equipped with the following:

Mechanical agitator (LCP-AGT-00001, -00002)

Two 100 % pumps (LCP-PMP-00001 A/B, -00002A/B) to transfer LAW concentrate

Internal rotary spray nozzles for periodic wash-down

Overflow to RLD-VSL-00004, C3/CS5 drains/sump collection vessel via 4 common overflow header
Pressure, level (redundant), temperature, and density instruments

Non-Routine Operations that Couid Affect Corrosion/Erosion

s Overflows to RLD-VSL-00004 -
e Washing required on failure of agitator

LCP-VSL-00001 & LCP-VSL-00002: Sheet:6 of 6
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LOP-SCB-00001 & LOP-SCB-00002 (LAW) R10672000
Meiter 1 and Melter 2 Submerged Bed Serubbers (SBS)
»  Duign Temperature (CF){max/nvin): 237/41 18HVED BY
»  Dosign Pressure (pig) (max/min): 154V RPP-WTP PDC
*  Location: process cell I

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 st pH 3 wt the nonmal operating tempeiature

+  Normal aperation at p¥ 8 ot the normal operating lemperature

*  Vessel is at pH 3 and the temperature reaches 167°F due to loss of couling jacket function |

Materials Considered:
Material Relative Acceptable Ungcceptable
(UNS No.) Cost Material Material
Carbon Steel 0.23 X
3041 {S30403) 00 X
| 3161 (S31603) L X
6% Mo (NOBIST/NOBO26) 7.64 x
Alluy 22 (NOS022) 11.4 X
TE-2 (R50400) 10.1 X

Recormmended Material: Hastelloy C-22 or the eguivalent; packing is a ceramic

Recommended Corrosion Allowance: 0.040 inch (Includes 0,024 inch corrosion
allowance and 0.004 inch erosion allowancc)

Process & Operations Limitations:
o Devclop lay-up strategy

Please note that sousve, special nuclear and byproduct materials, as
defined in the Alomic Encrgy Act of 1954 (ABA}, are regulated ul the
U.S. Department of Encrgy (DOB) facilities exelusively by DOE .
acting pursant to its AGA authority. DOE asserts, that pursuant to
e AEA, i has sole and exclusive respoasibility and authority to EXPIRES: 12/071%
Tegutais saurce, special ouclear, and byproduct materials st DOE- :

owned nuclear faciliiies. Information contained herein on

radiomuclides is provided for process description purposes only. This bound document containg » tolal of 7 sheets,
=
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Corrosion Considcrations:

Offgas from the filtn cooler ot o nominal temperature of $72 °F is directed into the SBS column vessel for cooling and solids
removal. A cooling jacket located on the outside of the scrubber vessel maintaing the required temperatuses. Loss of
cooling jacket function could allow the solution temnperature to risc as high as 167 °F,

a General Corrosion

Wilding and Paige (1976) hiove shown thot in 3% nitre nc:d with 1000 ppe fluoride at 200°F, the corrosion rate of 304L can he kept us low
as § iy by the use of AT, Additionaily, Scdriks {1996} has noted with 108 («2N) nitnc acid and 3,000 ppm fluoside at 158°F, the
corroyion rate of 3041 iz over 4,000 mpy; C-22 has a corrosion rate of aboul 75 mpy. While the anticipated pH in this caye ¥s higher, there
are regiony in the system where the pH s low or where there conld b wicess fluoride without the presence of aluminum. Consequently,
corrogian resistant alloys sucl: o3 Hastelloy C-22 will be roquired.

‘The dissolution tate of the ceramic cumponents in the propased environment is wnknown. However, data from Clark and Zojtos (1992)
suggest ALO,, SiC, and Zr0z ceramics will have litile seactivity in the proposed solutiony. The cffect of fluoride and the varying
temperatures is unclear but the imiform comosion rate is cxpected to be larger.

Conclusion:

Hm:l}oyr,zzormeeqmmmismmwmmemmm the scnihber that are exposed 10 excessive iemperatures and
concentrations. A high-fired alumina, silicon carbnie (reaction bonded and with no free silicon), or zircomia is Cxpocted to be a gustably
Tesistant ceramtic for the packing.

b Pitting Corroaion

Chloride is known to cause pilling of stainlern steels and reiated alloys tn acid and neutral sofutions, Notmalty the vessel is to operstc ut
113°F ata pliof 3 to 8. Fyrthermore, the temperatnre could rise to about 167°F in the case of loss of cooling jecket finetion. Data from
Phull et at (2000} imply that with these conditions, Hustelloy C-22 ar cquivaient will be needad a3 n tninimem,

Further, if the vessel were filled with process waler and left stagnant, there waild be a tendency to pit. ‘The time to initiate would depend on
the source of the water, being shorler for filtcrud river water and longer for DIW  Pilting hes been oberved m both cases, and is likely
hecause residual chierides are likely o r:n'n:m Pitting is Tess likely for the higher alloys such aq (22,

Conclusion:
HusteHloy C-22 or cquivalent is recommended.

¢ End Graln Corrosion
End grain corrosion anly securs in concentroted acid conditions.

Conclusion:
Mot believed likely in this system.

d Stress Corresion Cracking )

The exait umoiint of chioride required to cause £ress corrosion crocking is unknown, In part this is because The amount varigs with
temperuture, rocisl sensitization, the environment, and becapse chloride 1ndy to cotieentrate under hesd transfer conditiony, by evaporation,
and clectrochemically during & corrosion process, Hence, even as little 25 10 ppm can lead to cracking under some conditions. Voe the
proposed conditions, Hastzlloy C-22 or equivalent is required beeause of its greater resistance to SCC.

Conclusion:
Because of the notrml operaling environment #s well ag that which can cccur during off normal conditions, the mininuim alloy
recommended is Hastelloy C-22.

¢ Crevice Corresion
See Pilling,

Conclvrion:

See Pitling

1 Corrosion at Weids

It is cxpectedd that the heat tint will be removed during normul uperation.

Conclusion:
Weld corrosion is not considered a problem for this system.
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¢ Microblalsgleally Indmecd Corrvaivn (MIC)
‘The propesed operating conditions kre not conducrve to miczobial growth. The system is downstream of the main eatry points of microbes |

okl the wir streams are heated o over S00°F.

Conclusion: -
MIC is not considered a problem.

h Fuﬂ[udCMu Fatigue
Corroeion fatigoe is not cxpected o be a concemn.  The pressures cncountered are 40 Jow and the strength of the material is so comporatively
high thet corroion fatigrie is not a problem,

Conclusions
Showld not be a concern,

i Vaper Phase Corrosion
The vapor phaye portion of the vessel is expected to be contacted with particles of waste from splashing. R i3 expocted the region will be |
sulliciently washed 10 prevent solids deposits.

Conclusion:
Yapor phase comasion is not believed to be of coneemn.

§ Erosion
Velocities within the vess¢l arc cxpected to he low. Erosion allowance of 0.004 inch for components with luw solids content (< 2 wa%t) at
Tow velocities is haged on 24590-WEP-RPT-M-04-0008.

Concluzion:
Not believed 1o be of concern.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Nat appBeable.

1 Fretting/ Wear
No metal/meta] contucting surfaces expected.

Conclusion:
Not believed 10 be of coneem.

m Galvanic Corrosion
No dissimilar meta)s are present.

Conclusion:
Not balieved to be of concemn.

= Cavitation
Nene: expected,

Concinsion:
Not helieved 3 be of concern.

o Creep
Tho temperuturey ate to0 low & be a concem.

Conclusion:
Not applicable.

p Inadvertent Nitric Acld Addition
At this time, the design doca not provide for the presence of nitric acid roagent in this system. Additionally, the scrubbors sce low pH under
rrormai operating conditions.

Conclusion:
Not applicahle.
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PROCESS CORROSION DATA SHEET

SHS and SBS condensate collection vessels

Component(s) Name/iD#) 55 ys1 00001, LOP-VSL-00002, LOP-SCB-00001, LOP-SCB-00002)
Facility LAW
In Biack Cell? No
Chemicals unit! | Contract Maximum Non-Routine Notes
tomch Mo logch Leqch Notsach
Aluminuim ol SO7E-G2 512602
hlorde gt 1.22E+01 1.45E+01
luoride gt 281E+00 |  2.88Es00
iron 282602 | 25409
F P 6.856-02 8.60E02
-l
—ofl
.
Wl 9 93501 2.45E.02
Undissoived solids with 1.4% 13%
r (P! i 1) 6.11E-03 3 BSEO4
]
i Min Notm 2
Temperature (note 2) ’F Nots 3
i'ust of Organic Specles:

otes:

. Concantations i than 1x 0* g4 40 not need 10 be raporied; Rstvaltss 15 o Tignificant digis M.

PH 2 808 (COON 026060)

Trin 41, T nommal 113 “F. ¢ loow of cocdng Jacket funclion assume 167 °F (24580-LAV-MVC-LOA00001, Rev E)

ssunptions:
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Rev. 1
PLANT ITEM MATERIAL SELECTION DATA SHEET o

245%0-WIP-RPT-PR-04-0001, Rev, B
WTPF Frocess Corrosion Data

s  Cullled water fallure in the 8BS - If the chilled water flow o the SBS fhils, the scrobbing sclution
tempevatare hegins to incresse. I the chilled water flow 38 not restored in a reasonable period, the
solotion texrpersinee riscs and liquid begins to eveporate. The equilibrivm termperature resched is
about 165 'F (74 °C), Demineralized water is added to cither the SBS column or the condenmate
veseel vin the wath headey to compensate for water evaporaied.

» Solids buildup tu 5BS - This results in reduced liquid flow tisrough the bed, with reduced quenching
and decontsmination. A bigher offgay temperature indicates this problem. Depanding on the
meduction of fanction, the soelier is idled, the maintenance bypass opened, and the SBS isolated and
flushed out. T the prodlem {s not severe, the corective action may bs deferred until the next metay
<hangecnt. :

" & Lo of SBS pump - Loss of the SBS water porge pomp (LOP-PMP.D000BA/GA) intetniupts the
periodic transfes from the SBS colume vessel to the SBS condensats colloction vessel, Pump
LOP-PMP-D0D03B/6B scts as & basknp and periodically pumeps accumuksied condensale to the SBS
oondenpate colleotion vesel vntil ihe Sxiled purp is replaced. The spore purp in the SBS condensate
veasel (LOP-PMP-00002/5) can skso be wicd to transfer Hiquid from the system to the SBS condexsate
oollection vesscl.

¢  Luss of SHS condensate yomsel purap - The SBS condensate vesaed bas twa pamps that have the
capability of either yocirculating coudensate to the SBS or putping it to the SBS condensale
vollection vessel. I one fails, fhe other one arts ax 2 baclam until the failod pumy is replaced.

»  Lossof edncior In the SBS condesaate veasal - If the eduswor falls, the melterfs idled, the
maintensnco bypess is activated, and the offgss line is isolated by closing the isolation valve
downstream of the WESP. The edootor ic then replaced,

LOP-5CR-00001 & LOP-SCB-00002: Sheet:7 of 7
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LOP-VSL-0000]1 & LOP—VSL-OO_{)Oz (LAW) ' mwﬂ!ﬂ!ﬂ"m
Melter 1 & Melter 2 SBS Condensate Vessel {SSUED BY
»  Design Tomperature (*F)max/min): 237/40 RPRWIP PDG
¢ Design Pressure (psig) (maxfuin}: 15FV
s«  Locotion: incell .

Contents of this document are Dangerous Waste Permit affecting

Operating conditions are as stated on atiached Process Corrosion Data Sheet

Operating Modes Considered:

»  Normal operation at pH 3 at xiated norinal opersting temperatare
s The vesscl ir pH 3 at stated nominal operating tempearature
»  Vessel I at pH 3 and temperature reaches 167°F dus to loss of cooling limetivn
e Vessel s atpH 8 and temperatore reaches 167°F due to loss of cooling function
Materials Considered:
Material Relative Acceptable Unscceptable
{1INS Ne.) Coat * Materinl Matesial
Carbon Steel 0.23 X
JOML (S30403) 1.00 X
| 316L (S31603) 1.18 X
8% Mo (NOXI6T/NOKOZE) 7.64 X
[(Allay 22 (06022) 114 X
Ti-2 (RS0400) 10.1 X

Recommended Material: TINS N06022

Recommended Corrosion Allowance: .040 inch (includes 0.024 inch corfosion
allowance and 0.004 inch erosion allowance)

Process & Operations Limitations:
s  Deveiop lay-up strategy I

Plersa noto that source, special nuclear and hyprodect materials, as
defined in the Atomnic Energy Act of 1954 (AEA), sre regulated ot the
.8, Department of Encrgy {DOE) facilities exclusively by DOE
acling pursuant Lo its AEA authorily. DOE asserts, thul pursasnt to
the AEA, it has sole snd exclsive responsibility and aulhority 1o
regulate source, spocial nuclear, and byproduct materials at DOB-
owned nuclear facilities. Information contained herein on

radionuclides is provided for process description pirposes only, This bound document contains o total of 8 shests. |
)
1 fm/ag; Issued for Permitting Use @9{/ W W
0 1/29/04 issued for Permitting Use DLA JRD APR |
REY DATE, REASON FOR REVISION . PREPARER CHECKER APPROVER
Sheet: 1of@ 7 m.
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Corrosion Considerations:

Vessels receive liquid overflow from the SBS colurn vessels. Nominal operating temperature is 113°F with un capected
maximum of [67°F.

# General Cerrosion

Wilding and Paige (1976) have shown that 16 5% nitric acid with 1000 ppm fluoride at 290°F. the corrosion mte of 304L can be kept a5 low
#3 5 mpy by the use of Al'"'. Additionally, Sedriles (1996) has noted with 1095 (~2N) nitric acid and 3,000 ppm tluoride at 158°F, the
comosion Tate of 304L. is over 4,000 mpy; C-22 or equivalent huy » corrosion rate of about 75 mpy. Because of the possibility of hat, Tow
pH contents with 3 low AT™'/F mitio, an alloy thore comresion resigtnt than the 300 series seaintess stoels, such a3 Hastelioy C-22 or
equivalent, will be required. With the expeetod pH ranging between 3 and 8 and the concentration of chioride, 316L is marginalty
neceptable.

316L is marginally zcceptuble with a 6% Mo alloy or Hastelloy C-22 better. C-22 o the cquivalent 1 recommendied to protect the vessel
frum off-normat cenditions,

b Pittiag Corvosion

Chioride iv kmown to cause pitting in acid and neatral solutions, Normally the vessel is lo opereic ut 133 *Fataplinngeof I to 8.
Houwewer, the temperaiure cowld appenach hoiling. Date from Pholl et al {2000) irnply that with these conditions, 6% Mo is marginal and
Hiantelloy C-22 or squtivalent will be needod 08 a minjmum,

Further, if the vesse) were filled with process waler und Jeft stagnant, there sould be a tendency to pit. The time to initiate woulld depend on
the source of the water, being shorter for filtered river walcr and Jonger for DTW. Pitting hes been observed in both cusey, and is likely
becanse residun] chlorides are Iikely to remin. Pitting is lezs likely for the higher alfoys such a3 Haatslloy C-22 or equivalent.

Contlusion:
Hugtefloy C-22 or the cquivalent ig recommended.

£ End Grain Crrroslon
End grzin cormsion only occurs in ligh acid conditions.

Canclusion: ’
Not believed likely in this 5ys

 d Stress Corrosion Cracking

Tho exact amount of chiuvride required to cause streas conmion cracking is unknown. I part fhis is because the amount varies with
tempersture, nwtal scasitization, the envirmment, and also because chloride tends to concentrale under hat tranafer conditions, by
cvaporation, and cloctrochemically during a corragion process. Hence, even g Jittle xs 10 ppm can lead to cracking under some conditions.
Huwovir, with the proposed off-normal conditions where thers wili be 2 tendency W concentrate salte, HasicHny C-22 or equivalent is
Tequired.

Conciusion:

Because of the normal operating environment e wefl 24 that which can occur during otF-normal conditions, the minirmm alloy
recommended is Haxtelloy C-22 or ¢quivaknt.

¢ Crevlce Corrosdon
See Pitling, "It rwminal operating temperature is wiell above the critical crevice corrosion temperature for 3161 and marginal for 6% Mo, |

Concluxion:
See Pitting

f Cotrosion at Weltly
Weld costasion is not consideted o problem for C-22. 3161, welds corrode significantly fasier thin the bulk slioy. |

Conclusion: )
Not a concem with C-22. |

g Microbloiogirally [nduced Corrusion (MIC)
The proposed openating cunditions are not cauducive to microbial growth — the avernge operating temperature is upproximately eorrect but
the pH is too acid.

Conciurion:
MIC is not considered a prablem.

LOP-VSL-0000] & LOP-VSL-00002; Sheet:2 of 7
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h FatigueCorrosion Fatigee ]
Corrosion fatiguc is not expeeted to be a concem.

Conclusions
‘Not expected 1o be o coneen.

i Yapor Phase Corrosion
The murphuc poriion of the veasel is cxpected to he splashed with particles of waste. Hasiclloy C-22 is sufficiently resistant. Vapor
phasc corrosion is not a concern.

Conclusion:
Not expected to be 2 concern.
] Erosion

Velovitivs are expected 0 be loew, Ernsion allowance of 0004 inch for companents with low solids content (< 2 wit6) atlow velocities is
based on 24590-W1P-RPT-M-04-D0GS.

Conelusion:
Not expected to be a concern.

k Galling of Moving Surfaces
Not applicable.

Conclusion:
Not applicable.

I Fretting/Wear
No metalimetal contacting surfices expected.

Canclusion:
Not expected to be a concem.

m Galvanic Corresion

Nu Jissimnlar metals are present.
Conclusiom:

Nat expected tn he a concemn.

n Cavitation
None expected.

Conclusion:
Not believed o be of concern.

o Creep
The temrperatures are tog low to be & concem,

Conclnslon.
Not applicable.

p Inadverten| Nitric Acid Additlon
At this thine, tbe design does not provide for the presence of nitric acid reagent in this system. Addmomlly, the veasels see low pH under
nurma! vperating conditiona,

Conchuston:
Net applicuble,

LOP-VSL-00001 & LOP-VSL-00002: Sheet:3 of 7
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PROCESS CORROSION DATA SHEET

SBS and SBS condensate collection vesseln

Componentis) (NamelD#) | 6p.y81 00001, LOP-VSL-00002, L OP-SCB-00001, LOP-SCB-00002)
Facility LAW
in Black Cali? No
Chemicals Unit! Contract Maximum Non-Routine Notes
Toach N onch Tosch o Lvach
Aluminim ol S07EMR 5202
@ 1226401 1358501
| 261E0 2885400
o 282602 2 S4E-2
ol 5.85E-2 6.50E02
pll
-
ol
9l H.93E-01 3ASEO2
of)
withy 1.4% 13%
g 611603 386E04
gn
WA Nots 2
“u Nots 3

zREn
gér.-sl_ua ﬁgagsiiﬁsﬁsssggia{tg
pH 3 18 (CCN 125050)

Tmin 41, 7 neminal 113 °F. If loas of cociing [acket uncion 23aume 167 °F (24590 LAVLMYC-LOR-00004, Rav E)

ssumptions:

LOP-VSL-00001 & LOP-VSL-00002: Sheet:5 of 7
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611 SHS and SBS Condensate Vessels (LOP-SCH-00001,2 and LOP-VS1.-00001,2)

Rauitine Operations

Offgas from the film eooler Sows throngh the offias luse then enters the SBS colanm, which is enclosed
in the SBS colutn vesaol (LOP-SCB-00001/2) for fiarther cooling and solids removal. ‘Each melfer has a
dedicatod BBS, mma-mmwmwmemm
porticointa froro melter offgns plos cooling and condensation of melier vopor cminsions,

pipes run down tarough the bed to the packing support plate. The bed-sctaining walls axiend beiow the
support plate, craating & lower skitt to prevent ges from Lypassing the pecking. A hold-down oreen is
yped ta prevent the bed from being caried out by upward Rlow through the bed. Gas biibbles sre formed
ax the gas passes Through boles in the support plate. The bubbles rise through the packed bed and cuse
the Yiqrid to civeulste up throngh the packing., snd hesce downward in the surlst space putside the
pocked hed, The packing breaks Iarges bubbles into smwller ones to iocrcane fhe gas-to-water contant area
and helps increase the particulate removal and beat tansfor efficimcics.

The scrubbed offgey discherges through the lop of the SBS, mwmmmpnm
buildup of ouptured mateyial in the bed by constantly washing the materiol away, A cooling jacket

located on tho outride of the scrubber vessel wnd cooling coils looated ingide tho vessel maintaim the
sorpbhing tiomid st required temperatores,

As the offges cools, water vapar condenacs and increases the liquid inventory. The liguid overflows into
. the SBS condensie vessel (LOP-VSL-0000142) located next to the 833 coluom vessel, therely
myalntaining 2 constant liouid depth in the SBS colimn vessel, The SBS condensate vossol has a cooling
aciont to forther cood the condenssle. This cookd condeomwate, when recycled (pumps

LOPEMP.00001/4) 1o the SBS column vessel, cuntributes to the cooling of the SHS condensate and
knepa collocted solids mobilized for ranoval. The condensate vessc) hax the capacity to hold abowt

2 days of condensate. Venfting of this vegsed is via the SBS oplucan vessel into the main offgs discharge
pipt.

To hetp remove saliils, the recinoulated strepm is pumped Exraugh eight lnces that agitete the botbom of
the SBS colutin vessel and consolidate the solids near the pumh suction. To suspend the solids
accumulated & the SBS cordensate vessed, an eductor is used, powered by  side streans from the
rechoutaiion Hne, ‘

Condensate produced 3nd golids captored in the SBS column vessels are remwyved periodicaily.

Now-Reutine Operatians that Could Affect Corrosion/Ereston

» Bothihe SBS and SBS condensats veswels contain sprry nozzies that are used doring startup to il the
vessels aod for deoontamination. M maintenance of the offges ling, SBS, or WESP ie required deuzing
the Bfetimw of the molier, a mainteosnce bypass Hne is provided from tha stasidby offgus line inthe
wet process cell to the standby Yine on, the other melter, Tho other melser must be idled for this to
ocour ince the standby line must be vpen to the SBS, but none of the treatment Meps aro bypassed,

+ Solits buildwp fn SBS bed ~ This may tauxe the offgas to bypess the bed with reducesd qacnching
and decontenrination. Higher presane differential inlicates a buikdup. Depending on the reduction
of fnction, the maintenanse bypuss f4 activated and the SBS is fusbed out, the bed is fluidized by
inorcasing offgas flow, or the bed i teplaced at the néuxt melter changeout,

LOP-VSL-00001 & LOP-VST.~-00002: Sheet:6 of 7
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