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1.0 INTRODUCTION

The Consent Decree in State of Washington v. Department of Energy, Case No. 2:08 CV-05085-
FVS, as amended1 (E.D.WA. October 25, 2010), Milestone B-2 requires the retrieval of tank 
wastes from a total of nine A/AX tanks by September 30, 2026.  AX Tanks will be retrieved 
prior to A Farm tanks.

Retrieval technologies for SSTs are established in a Tank Waste Retrieval Work Plan (TWRWP) 
for each tank.  Two technologies are initially identified and employed to reach the residual waste 
volume goal of less than 360 cubic feet (ft3), or approximately 2700 gallons.  The first two 
technologies planned for deployment at AX Farm are sluicing and high-pressure water.

Tank 241-AX-102 (AX-1022) is the first tank in the A/AX tank farm complex to be retrieved.  
AX-102 was retrieved to the limits of two technologies using modified sluicing and high-
pressure water as described in the AX-102 TWRWP (RPP-RPT-58933, 241-AX-102 Tank Waste 
Retrieval Work Plan).  The TWRWP was approved in accordance with Section IV-B of the 
Consent Decree.  Tank retrieval operations were performed over 44 operating days from August 
31, 2019 to January 6, 2020 (RPP-RPT-62066, Single-Shell Tank 241-AX-102 Retrieval 
Completion Report).  The tank was retrieved to an estimated residual waste volume of ~12,600 
gallons (~1,684 ft3) (RPP-CALC-63810, Tank 241-AX-102 Retrieval Tracking Volume 
Calculation), which exceeds the waste volume goal of 360 ft3 or less.

Consent Decree No. CV-08-5085-RMP, Appendix C, Part I states:

If the waste residual goal of 360 cubic feet is not achieved using the established two 
technologies, an additional [third] retrieval technology established in a revised TWRWP 
shall be deployed to the “limits of technology;” provided that DOE may request that the 
State agree that DOE may forego implementing a third retrieval technology if DOE 
believes implementing such technology is not practicable under the criteria set forth 
above.

Those criteria are:

... the recovery rate of that retrieval technology for that tank is, or has become, limited to 
such an extent that it extends the retrieval duration to the point at which continued 
operation of the retrieval technology is not practicable, with the consideration of 
practicability to include matters such as risk reduction, facilitating tank closures, costs, 

                                                
1 See Amended Consent Decree, Case No. 2:08 CV-05085-RMP (March 11, 2016), Second Amended Consent
Decree, Case No. 2:08 CV-05085-RMP (April 12, 2016) and the Third Amended Consent Decree, Case 
No. 2.08-CV-05085-RMP (October 12, 2018).  Note that the Amended Consent Decree and Second Amended 
Consent Decree did not re-publish the provisions of the 2010 Consent Decree but only published those portions of 
the text that were modified by each decree; consequently, it is necessary to refer to each document to determine 
whether a particular section has been amended.  The stated milestones are documented in Consent Decree 
No. CV-08-05085-RMP, Appendix B.
2 The designated Hanford prefix for tanks (241-) is not used any further in this document (e.g., 241-AX-102 is 
simply referred to as AX-102).
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the potential for exacerbating leaks, worker safety, and the overall impact on the tank 
waste retrieval and treatment mission.

In February 2020, the Department of Energy (DOE) Office of River Protection (ORP) directed 
WRPS to prepare a “Practicability Evaluation for a Request to Forego 3rd Technology Retrieval 
at AX-102” (Practicability Evaluation).  This direction was based on:  

1) AX-102 retrieval results, including the impact of tank bottom anomalies (referred to 
herein as “ripples”) on waste pumping; 

2) Availability of readily deployable third technology retrieval methods and tools; 
3) Anticipated impacts of using a third technology to complete AX-102 retrieval; and, 
4) Use of the Practicability Evaluation process for four (4) previously retrieved C Farm 

tanks.  

The intent to perform AX-102 closure sampling and pursue a Practicability Evaluation under the 
Consent Decree was communicated to the Washington State Department of Ecology (Ecology).  
Ecology addressed ORP planned actions in two (2) letters (reference 20-NWP-057 and 20-NWP-
099), stating, in part:

 “Ecology will not be agreeing to... “Request to Forego” a third technology for this 
[AX-102] tank.  Ecology has determined that the primary focus for [AX-102]
sampling should be to support the selection of a third technology…”

 “The near-term development of a new retrieval technology for purposes of 
completing retrieval of AX-102 will increase the effectiveness and efficiency of future 
retrieval actions for the remaining A/AX tanks, making it more likely that this group 
of tanks will be fully retrieved on time.”

 “…Ecology expects the AX-102 sampling will provide adequate information on the 
solids and the remaining saltcake to support a third technology evaluation.”

During technical reviews of the AX-102 draft tank sampling and analysis plan (TSAP)
(RPP-PLAN-63800, Tank Sampling and Analysis Plan for Residual Solid Waste in Tank 241-
AX-102) in February and March 2020, Ecology representatives recommended evaluation of acid 
dissolution using oxalic or “other acid reagents, such as nitric” for A/AX tank retrievals 
requiring chemical dissolution as a third technology to achieve the target residual waste volume 
goal established in the Consent Decree.  The revised TSAP anticipates chemical dissolution 
testing, which will be performed in accordance with a laboratory test plan.
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2.0 PURPOSE

In response to ORP direction to prepare a Practicability Evaluation for AX-102, and to address 
the Ecology recommendation to evaluate the use of acid reagents for chemical dissolution, an 
Integrated Project Team (IPT) (Appendix A) consisting of retrieval, process chemistry, 
corrosion, closure and laboratory subject matter experts was assembled to evaluate chemical 
dissolution options.  Note that a separate team is being convened to evaluate mechanical retrieval 
options for potential application as a 3rd technology.  The goals of this IPT are to:

 Evaluate industry and past practice laboratory and operational experience with 
chemical-based dissolution processes

 Evaluate potential effectiveness and consequences of chemical-based dissolution

 Recommend reagents for inclusion in planned AX-102 dissolution studies based on 
these evaluations

 Provide other input to SST Retrieval and Closure to support the Practicability 
Evaluation process

 Present results and coordinate discussions with TOC, ORP and Ecology management 
and other subject matter experts involved in the third technology decision process.

This document provides a summary of these efforts and is intended to aid in the evaluation and 
third retrieval technology decision process not only for AX-102, but for all the AX and A Farm 
tanks, since the tanks contain similar waste and are flat-bottomed with uneven bottom plates.

The initial release (Rev. 0) of this document presents:

 Background information on the AX and A Farm tanks, including likely sludge 
chemical species and the potential for dissolution in various chemical media 
(caustic and acid)

 Description of potential chemical solvents

 A ranking matrix used in the selection of recommended chemical solvents for testing 
on sample material from tank AX-102.

 Background information on past chemical dissolution activities.

AX-102 is the first A/AX tank to be evaluated for a potential third retrieval technology.  
A decision on the third technology for AX-102 will likely not be made until after sampling and 
laboratory testing results are available.  This report was written to provide data input into the 
Practicability Evaluation for AX-102 and, in and of itself, does not make a determination of 
whether to deploy, or request to forego, a third technology in accordance with the Consent 
Decree.
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Application of a third technology will not be necessary for other A/AX tanks if the waste volume 
is less than the Consent Decree requirement or if a Request to Forego is approved for the tank.  
This document may be updated as further information becomes available or as circumstances 
change.
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3.0 TANK-SPECIFIC INFORMATION

3.1 AX FARM

The four AX Tanks were constructed between 1963 and 1965 with a nominal capacity of 
1,000,000 gallons.  These tanks are underground, and are constructed as a cylindrical, reinforced 
concrete shell with a domed roof and a flat bottom.  The interior of the tanks contain a 75-foot 
diameter, 3/8 inch liner constructed of mild steel3, extending up the tank wall to a height of 
32 feet 6 inches (H-2-44562).  See Figure 3-1 for construction photographs (RPP-10435) and 
Figure 3-2 for tank dimensions.  The concrete shells of these tanks maintain the structural 
integrity of the steel liner by protecting it from soil loads.

Figure 3-1.  Tank Farm Construction

Figure 3-2.  A/AX Tank Dimensions

                                                
3 AX Farm tanks steel were of ASTM A201 Grade C specification (WHC-MR-0132).
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Designed to contain self-boiling waste, each AX Farm tank contains 22 air lift circulators 
(ALCs) mounted from the dome, as shown in Figure 3-3 (RPP-PLAN-46847).  The ALCs were 
used to agitate the waste and minimize hot spots in the solids.

Figure 3-3.  AX Farm Tank Cut Away

Access to the tank interior for installing various process equipment and instrumentation is 
provided by vertical risers that penetrate the tank dome.  The AX tanks contain covered pits 
which provide surface access to the process piping and some of the tank risers.  Pit structures 
also provide the locations where jumpers (temporary piping connections), pumps, and other 
equipment are typically installed to establish waste transfer routing capabilities.  The existing 
pits are constructed of reinforced concrete.  Their walls and floors are located below grade, and 
they are provided with removable reinforced concrete cover blocks or steel cover plates located 
just above grade level (RPP-SPEC-57481).

Base slabs for the AX Farm tanks are flat.  The AX Farm tank slab is 1 foot, 6 inches thick to 
provide space for leak detection drain slots between the bottom plate of the carbon steel and the 
base slab.  The drain slots are 2½ inches deep by 5½ inches wide in a continuous square array 
spaced 13 feet, 9 inches apart in both directions (RPP-10435).

Each tank had boiled over the course of their use and reached a fluid temperature of at least 
250 °F (WHC-SD-WM-ER-309).  All of the AX tanks have photos documenting ripples 
along the tank floor.  The ripples are believed to have been caused by thermal expansion.  
See Figure 3-4 for an example from AX-101.  Ripples increase the difficulty of reaching volume 
targets by interrupting flow to the slurry pump, impeding suction of solid waste.
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Figure 3-4.  1977 Mosaic of AX-101

The first two technologies for retrieval of the AX Farm tanks are expected to be water sluicing 
and high pressure water.  Only minimal amounts of saltcake are expected to remain after 
application of the first two technologies.  This paper focuses on the sludge identified in the Best 
Basis Inventory (BBI), which is most likely be the residual waste following planned retrieval 
activities, and could require the application of a third technology.  The estimated sludge volumes 
in AX Farm are summarized in Table 3-1, along with information on the major chemical 
constituents and Sr-90.  The data are documented in the BBI, available via the Tank Waste 
Information Network System (TWINS) (TWINS 2020a).
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Table 3-1.  AX Farm Sludge Volumes and Constituents

Tank & Sludge Vol Major Constituents Quantity

AX-101
2 kgal

Sodium 12.2 wt%

Iron 5.6 wt%

Silicon 5.0 wt%

Uranium 3.2 wt%

Sr-90 7000 Ci

AX-102
6 kgal

Sodium 19.3 wt%

Iron 9.0 wt%

Aluminum 8.5 wt%

Carbonate 5.3 wt%

Sr-90 153,000 Ci

AX-103
8 kgal

Iron 9.3 wt%

Carbonate 5.4 wt%

Nitrate 4.7 wt%

Sodium 3.6 wt%

Sr-90 32,7000 Ci

AX-104
5 kgal

Iron 27.1 wt%

Carbonate 9.0 wt%

Aluminum 5.3 wt%

Nitrate 4.6 wt%

Sr-90 1,000,000 Ci

When mineralization data are not available, thermodynamic modeling can be used to predict 
solids that may have precipitated from the liquid waste4.  Typically the BBI tank sludge layer 
data are used for input to the thermodynamic models.  The BBI layer data can be based on 
templates or sample data along with many other sources of information.  Template data are 
found in the Hanford Defined Waste (HDW) model description document (RPP-19822, Hanford 
Defined Waste Model - Revision 5.0).  Data found in the BBI are presented, predominantly as an
inventory of element or component masses (e.g., Na, NO3) and not chemical compounds and 
precipitated minerals.  Thermodynamic models can predict solids using the BBI component 
inventories converted to concentrations with the temperature and pressure defined.  The 
thermodynamic model is limited by the available database libraries and the quality of the 
concentration data.

When tank-specific information is available, a template is modified with that specific 
information.  Applying templates to the BBI is delineated in RPP-7625, Guidelines for Updating 
Best-Basis Inventory.  In general the templates are electrically balanced (negative and positive 

                                                
4 The thermodynamic models used for predicting the solids are OLI Studio and OLI Flowsheet.  The models are 
trademarked products of OLI Systems Inc., Cedar Knolls, New Jersey.  Sludge layer concentrations are estimated 
from TWINS downloads dated 2/3/20 and 4/1/19.  The model outputs are considered scoping information, and
results are used for pre-decisional narrative purposes only.
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charges are equal).  When one component is changed but another oppositely charged component 
is not updated, the chemical system becomes unbalanced.  Most of the time the imbalance 
changes the system pH, which influences the solids that are predicted to precipitate.

Table 3-2 provides a summary of the major waste types transferred into the A and AX tanks 
along with the sluicing history.  The table is adapted from RPP-RPT-58291, Hanford Waste 
Management Area A-AX Soil Contamination Inventory Estimates.  The SSTs were no longer 
active (receiving waste transfers) after November 1980.  Additional details of each tank’s waste 
history, and the thermodynamic equilibrium modeling results, are presented in subsequent 
sections.  Note that waste streams in Table 3-2 do not exactly match the BBI waste estimates that 
are described in subsequent sections, as the table was developed for soil inventory independently 
of the BBI.  Table 3-2 is provided for illustrative purposes only.  Modeling for this document 
was performed on the estimated BBI sludge inventory.
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Table 3-2.  Waste Types Received into Waste Management Area A-AX 100-Series Tanks (1956 through 1980).

Year A-101 A-102 A-103 A-104 A-105 A-106 AX-101 AX-102 AX-103 AX-104

1956

P
OWW

OWW
P

P
OWW

1957

P
OWW

1958

P
OWW

1959

1960

1961

1962

P

1963

1964 Sluiced

1965 OWW

P
OWW

FP

OWW

OWW/P

P

1966
Sluiced

1967

1968
Sluiced

CSR

SRR
B1969 Sluiced

CSR

Sluiced

B

1970

P
Water

Sluiced P

1971

Water

P1972
AR/CSR/

SRR

SRR

1973
SRR

Sluiced
PSS
AR PSS

1974 AR/SRR/
B

Sluiced
AR/B

1975 Sluiced AR/PSS Sluiced

Sluiced1976

A-SltCk

Sluiced Sluiced Sluiced Sluiced Sluiced

1977

A-SltCk A-SltCk

A-SltCk

A-SltCk A-SltCk

Sluiced

1978

A-SltCk1979

1980

Colors in table are used to highlight each waste type

AR = Water washed Plutonium Uranium Extraction (PUREX) sludge

A-SltCk = Saltcake from the 242-A Evaporator

B = 221-B Plant high-activity waste

CSR = 221-B Plant Cesium Recovery ion exchange waste

FP = Fission product waste

OWW = Organic Wash Waste from PUREX Plant

P = PUREX high-level waste

PSS = PUREX Sludge Supernate

SRR = Strontium recovery waste
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3.1.1 AX-101

AX-101 was in use for three years before solids were measured at the end of 1968, and had been 
receiving B Plant waste during that year.  (WHC-SD-WM-TI-615).  AX-101 received other 
wastes before being sluiced in 1975-1976, but the bottom layer of sludge contained 58 kgal of 
B Plant solids.  An estimated 3 kgal of solids remained after sluicing completed in 1976, which 
is believed to be B type waste.  After this sluicing, AX-101 became a receipt tank for evaporator
concentrated waste.  Due to the lack of successful sampling of the sludge layer since, AX-101 
sludge inventory is SRR template-based (waste types are defined in RPP-19822 and applied via 
RPP-7625).

The following tables show the thermodynamic model predicted solids that might be present 
along with the source of the concentrations and the pH used in the model.  Table 3-3 is based on 
the SRR template without any modifications.  Table 3-4 shows the predicted solids using BBI 
with a pH of 13.6 calculated from the BBI free hydroxide value.  Table 3-5 shows the predicted 
solids using the BBI inventory and the SRR template pH.

The BBI free hydroxide inventory for the AX sludge layers are a ratio-based on the nitrite 
concentration.  Hydroxide calculated in this method is only used when no other method is 
available.

For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-3.  SRR Template Concentrations and pH (14.2)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.38E+03 58%

NaUO2OOH•H2O (Clarkeite) 1.82E+03 24%

CaCO3 (Calcite) 1.23E+03 16%

Table 3-4.  AX-101 SRR BBI Concentrations and pH (13.6)

OLI Predicted Solid Solid mg/L Weight Percent

Na2SiO3•9H2O 4.75E+05 64%

Fe(OH)3 (Bernalite) 1.61E+05 22%

NaUO2OOH•H2O (Clarkeite) 6.94E+04 9%

CaCO3 (Calcite) 3.35E+04 5%
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Table 3-5.  AX-101 SRR BBI Concentrations and
Template pH (14.2)

OLI Predicted Solid Solid mg/L Weight Percent

Na2SiO3•9H2O 5.67E+05 68%

Fe(OH)3 (Bernalite) 1.61E+05 19%

NaUO2OOH•H2O (Clarkeite) 6.94E+04 8%

The compound Na2SiO3 •9 H2O is water soluble.  Without the water soluble silica, the solids in 
Table 3-4 and Table 3-5 are predicated to be mostly iron oxides.  It should be noted that Fe(OH)3

ripens in the waste into other iron minerals such as Fe2O3.  All the ripened iron minerals are 
insoluble in water and sodium hydroxide at retrieval temperatures and pressure.

3.1.2 AX-102

AX-102 received organic wash waste and transfers from other single shell tanks until 1969, 
when AX-102 received almost exclusively waste from B Plant until it was sluiced for strontium 
recovery ending in 1977.  The 6 kgal solids remaining after sluicing is believed to be B type 
waste.  After this sluicing, AX-102 became a receipt tank for evaporator concentrated waste.  
Due to the lack of successful sampling of the sludge layer since, AX-102 sludge inventory is 
B template-based.

The following tables show the thermodynamic model predicted solids that might be present 
along with the source of the concentrations and the pH used in the model.  Table 3-6 is based on 
the B template without any modifications.  Table 3-7 shows the predicted solids using BBI with 
a pH of 11.4 calculated from the BBI free hydroxide value.  Table 3-8 shows the predicted solids 
using the BBI inventory and the B template pH.

For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-6.  B Template Concentrations and pH (13.2)

OLI Predicted Solid Solid mg/L Weight Percent

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

5.84E+03 57%

Al(OH)3 (Gibbsite) 2.06E+03 20%

Ca3Si2O6(OH)2•2H2O (Afwillite) 6.23E+02 6%

Fe(OH)3 (Bernalite) 5.36E+02 5%
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Table 3-7.  AX-102 Sludge Pre-Retrieval BBI Concentrations 
and pH (11.4)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 2.63E+05 48%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.40E+05 26%

NaAlCO3(OH)2 (Dawsonite) 6.38E+04 12%

Table 3-8.  AX-102 Sludge Pre-Retrieval BBI Concentrations 
and Template pH (13.2)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 2.63E+05 51%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.40E+05 27%

Al(OH)3 (Gibbsite) 3.32E+04 6%

The pH when the solids precipitated dictate what aluminum mineral is predicted.  Table 3-7
shows dawsonite is predicted when the pH is at 11.4 while Table 3-8 shows gibbsite is predicted 
with a pH at 13.2 rather than dawsonite.  Gibbsite will ripen to boehmite at high temperatures, 
and boehmite is not expected to dissolve in caustic during normal tank retrieval conditions 
(i.e., temperature, time span).  Dawsonite does not change with increasing temperature and 
readily dissolves in caustic at normal retrieval tank temperatures.

3.1.3 AX-103

AX-103 received almost exclusively waste from PUREX from its initial use in 1965 until solids 
were first measured in 1967.  The solid level remained steady until PUREX low level waste was 
added, which caused a significant increase.  These solids may have mixed during the sluicing 
campaign over 1976 – 1977.  The 6 kgal sludge solids remaining after sluicing is likely PUREX 
(P2) waste with potentially some low level (PL) mixed in.  After this sluicing, AX-103 became a 
receipt tank for evaporator concentrated waste.  Due to the lack of successful sampling of the 
sludge layer since, AX-103 sludge inventory is P2 template-based.

The following tables show the thermodynamic model predicted solids that might be present 
along with the source of the concentrations and the pH used in the model.  Table 3-9 is based on 
the P2 template without any modifications.  Table 3-10 shows the predicted solids using BBI 
with a pH of 12.6 calculated from the BBI free hydroxide value.  Table 3-11 shows the predicted 
solids using the BBI inventory and the P2 template pH.

For clarity, predicted solids below 5% were excluded from the following tables.
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Table 3-9.  P2 Template Concentrations and pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 1.26E+04 45%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.13E+04 41%

Ca3Si2O6(OH)2•2H2O (Afwillite) 1.64E+03 6%

Table 3-10.  AX-103 P2 BBI Concentrations and pH (12.6)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 2.27E+05 36%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.61E+05 26%

NaAlCO3(OH)2 (Dawsonite) 8.32E+04 13%

NiFe2O4 (Trevorite) 3.29E+04 5%

Mn(OH)2 (Pyrochroite) 3.29E+04 5%

Table 3-11.  AX-103 P2 BBI Concentrations and
Template pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 2.55E+05 38%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.79E+05 27%

Na3PO4•0.25NaOH•12H2O 5.84E+04 9%

Al(OH)3 (Gibbsite) 5.47E+04 8%

NiFe2O4 (Trevorite) 3.29E+04 5%

Mn(OH)2 (Pyrochroite) 3.29E+04 5%

In all cases, caustic-insoluble iron oxides and cancrinite are the most abundant minerals 
predicted.  Cancrinite is generally insoluble in both caustic and acidic solutions.

3.1.4 AX-104

AX-104 received P2 wastes.  It was sluiced in 1977 and removed from service.  AX-104 was 
sampled in 1995.  AX-104 is considered P2 waste and has a sample-based inventory.

The following tables show the thermodynamic model-predicted solids that might be present 
along with the source of the concentrations and the pH used in the model.  Table 3-12 shows the 
P2 template results at pH 13.1 for comparative purposes.  Table 3-13 shows the predicted solids
using BBI with a pH of 10.9 calculated from the BBI free hydroxide value.  Table 3-14 shows 
the predicted solids using the BBI inventory and the P2 template pH.
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For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-12.  P2 Template – Concentrations
and pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 1.26E+04 45%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.13E+04 41%

Ca3Si2O6(OH)2•2H2O (Afwillite) 1.64E+03 6%

Table 3-13.  AX-104 P2 BBI Concentrations and pH (10.9)

OLI Predicted Solid Total mg/L Weight Percent

Fe(OH)3 (Bernalite) 8.36E+05 57%

NaAlCO3(OH)2 (Dawsonite) 3.05E+05 21%

Al(OH)3 (Gibbsite) 1.05E+05 7%

NiFe2O4 (Trevorite) 1.05E+05 7%

Table 3-14.  AX-104 P2 BBI Concentrations and
Template pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 8.36E+05 61%

Al(OH)3 (Gibbsite) 2.12E+05 15%

NaAlCO3(OH)2 (Dawsonite) 1.07E+05 8%

NiFe2O4 (Trevorite) 1.05E+05 8%

In all cases evaluated for AX-104, caustic-insoluble iron oxides are predicted to be the most 
abundant solid compound.  With low pH, caustic-soluble dawsonite is predicted to be the second 
most abundant compound.  At the higher and expected pH, gibbsite is predicted to be the second 
most abundant compound.  Gibbsite is subject to ripening to caustic-insoluble boehmite.

In all but two models over the four AX tanks, the most abundant solid predicted by 
thermodynamic modeling is not soluble in caustic at normal temperatures (either caustic-
insoluble iron or cancrinite).  The SRR solids that may be present at the bottom of AX-101 show 
that the most abundant solid mineral is a silica salt.  The predicted salt is soluble in water and 
would not be expected to be present after a water-based retrieval is used.  The next major 
component is caustic-insoluble iron.
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3.2 A FARM

The A Farm tanks were constructed between 1953 and 1956 with a nominal capacity of 
1,000,000 gallons.  These six tanks are underground, and are constructed as a cylindrical, 
reinforced concrete shell with a domed roof and a flat bottom.  See Figure 3-1 for construction 
photographs.  The interior of the tanks contain a 75-foot diameter 3/8 inch liner constructed of 
mild steel5, extending up the tank wall to a height of 32 feet 4 inches.  Figure 3-2 shows the 
A and AX tank dimensions.  The concrete shells of these tanks maintain the structural integrity 
of the steel liner by protecting it from soil loads.

Access to the tank interior for installing various process equipment and instrumentation is 
provided by vertical risers that penetrate the tank dome.  The A tanks contain covered pits which 
provide surface access to the process piping and some of the tank risers.  Pit structures also 
provide the locations where jumpers (temporary piping connections), pumps, and other 
equipment are typically installed to establish waste transfer routing capabilities.  The existing 
pits are constructed of reinforced concrete.  Their walls and floors are located below grade, and 
they are provided with removable reinforced concrete cover blocks or steel cover plates located 
just above grade level.

Designed to contain self-boiling waste, each tank A Farm tank contains 4 air lift circulators 
(ALCs).  The ALCs were used to agitate the waste and minimize hot spots in the solids.  
The A Farm ALCs are supported by the tank floor, as shown in Figure 3-5.

                                                
5 A Farm tanks steel were of ASTM A283 Grade C specification (WHC-MR-0132)
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Figure 3-5.  A Farm Tank Cut Away

Base slabs for the A Farm tanks are flat.  The A Farm tank slab is 6 inches thick extending out 
from the tank centerline to the 8 feet, 0 inches wide by 2 feet, 0 inches thick circular footing that 
is centered under the tank sidewall.  The outer edge of the main footing is located at a radius of 
41 feet, 6 ½ inches and the top surface of the base slab and footing are continuous.

Each tank had boiled over the course of their use and reached a fluid temperature of at least 
250 ºF (WHC-SD-WM-ER-308).  All of the A Farm tanks are expected to have ripples along the 
tank floor.  Three tanks have pictures documenting such.  See Figure 3-6 for an example from 
A-103.  Ripples increase the difficulty of reaching volume targets by interrupting flow to the 
slurry pump, impeding suction of solid waste.  Tank A-105 had a massive failure that warped 
and tore the tank liner, as shown in Figure 3-7.
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Figure 3-6.  1977 Mosaic of A-103
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Figure 3-7.  2017 Floor View of A-105

The first two technologies for retrieval of all tanks in A Farm except for A-104 and A-105 is 
expected to be sluicing and high pressure water.  Only minimal amounts of saltcake are 
expected to remain after their application.  This effort focuses on the remaining volume expected 
to need a third technology, the sludge waste.  The sludge volumes in A Farm are summarized 
in Table 3-15, along with information on the major sludge chemical constituents and Sr-90.  The 
data are documented in the BBI (TWINS 2020a).  Note that for A-105, the sludge volume 
includes waste under the liner.

Table 3-15.  A Farm Sludge Volumes and Constituents

Tank & 
Sludge Vol Major Constituents Quantity

A-101
3 kgal

Aluminum 12.1 wt%

Carbonate 5.4 wt%

Sodium 5.2 wt%

Silicon 5.0 wt%

Sr-90 45,000 Ci

A-102
1 kgal

Iron 13.0 wt%

Sodium 12.0 wt%

Nitrate 4.4 wt%

Manganese 3.6 wt%

Sr-90 860 Ci

A-103
2 kgal

Sodium 28.8 wt%

Iron 8.7 wt%

Carbonate 5.4 wt%
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Table 3-15.  A Farm Sludge Volumes and Constituents

Tank & 
Sludge Vol Major Constituents Quantity

Nitrate 4.4 wt%

Sr-90 62,000 Ci

A-104
28 kgal

Iron 17.0 wt%

Carbonate 5.6 wt%

Sodium 5.3 wt%

Aluminum 4.6 wt%

Sr-90 1,700,000 Ci

A-105
20 kgal

Iron 18.9 wt%

Aluminum 6.0 wt%

Sodium 4.2 wt%

Sulfate 2.7 wt%

Sr-90 1,400,000 Ci

A-106
50 kgal

Sodium 11.9 wt%

Sulfate 7.4 wt%

Nitrate 7.2 wt%

Iron 5.1 wt%

Sr-90 1,720,000 Ci

As with AX Farm tanks discussed above, when mineralization data are not available, 
thermodynamic modeling can be used to predict solids that may have precipitated from the liquid 
waste.  Typically the TWINS BBI tank sludge layer data are used for input to the thermodynamic 
models.  The BBI can be based on templates or sample data along with many other sources of 
information.  The BBI is presented, mostly, as an inventory of element or component masses and 
not chemical compounds and precipitated minerals.  Thermodynamic models can predict solids 
using the BBI component inventories converted to concentrations with the temperature and 
pressure defined.  The thermodynamic model is limited by its data base size and the quality of 
the concentration data.  A Farm waste streams and sluicing history are shown in Table 3-2, and 
discussed in more detail in the subsections below, along with the results of the modeling.

When tank specific information is available, a template is modified with that specific 
information.  In general the templates are electrically balanced (negative and positive charges are 
equal).  When one component is changed but another oppositely charged component is not 
updated, the chemical system becomes unbalanced.  Most of the time this imbalance changes the 
system pH, which influences the solids that precipitate.

3.2.1 A-101

A-101 received waste starting in 1956.  The waste type over the first several years is not well 
documented, other than being a PUREX high level waste.  Starting in 1963, A-101 started to 
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receive a sodium carbonate organic wash waste and continued to receive such when solids were 
first measured in 1965.  A-101 was sluiced in 1968 down to 11 kgal, received other wastes, then 
was sluiced in 1976 down to 3 kgal.  A sample was taken after sluicing in 1976 and was 
described as “water insoluble sludge which was not resuspended during sluicing.  The sludge 
sample contained course granular crystals similar to sand intermixed with small particles and 
hard chunks the size of a quarter” (SD-WM-TI-302, Hanford Waste Tank Sluicing History). The 
remaining sludge is likely a mixture of P2 and organic wash waste (OWW2).  Due to the lack of 
successful sampling of the sludge layer since, A-101 sludge inventory is P2 template-based.

The following tables show the thermodynamic model predicted solids that might be present 
along with the source of the concentrations and the pH used in the model.  Table 3-16 shows the 
projected solids at the P2 template composition and pH again for comparison.  Tables 3-17 and 
3-18 show the predicted solids using the BBI composition with a pH of 12.8 calculated from the 
BBI free hydroxide value, and then at the P2 template pH.

For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-16.  P2 Template – Concentrations
and pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 1.26E+04 45%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.13E+04 41%

Ca3Si2O6(OH)2•2H2O (Afwillite) 1.64E+03 6%

Table 3-17.  A-101 P2 BBI Concentrations and pH (12.8)

OLI Predicted Solid Solid mg/L Weight Percent

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

4.66E+05 48%

Al(OH)3 (Gibbsite) 3.31E+05 34%

Table 3-18.  A-101 P2 BBI Concentrations and
Template pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

4.66E+05 48%

Al(OH)3 (Gibbsite) 3.39E+05 35%

Na3PO4•0.25NaOH•12H2O 4.68E+04 5%
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The sludge at the bottom of A-101 has nearly ten times more aluminum than iron, which is
unusual for the P2 waste template.  This disparity from the template is based upon sample 
analysis after sluicing campaigns in 1976.  Even though the sludge appears to be aluminum-rich, 
at the pH modeled caustic-insoluble cancrinite is predicted to be the major mineral.  Gibbsite is 
the second most abundant mineral, but some of the gibbsite has likely ripened to boehmite, 
which is not expected to dissolve in caustic under retrieval conditions.

3.2.2 A-102

A-102 received waste starting in 1956 and was sluiced to a minimal heel in 1974.  After that 
successful sluicing campaign, A-102 received waste from B Plant, 244-AR Vault, AX-103 and 
A-106.  A-102 was sluiced again in 1976 to an approximate 2 kgal heel before receiving 
evaporator slurry.  A-102 sludge inventory is P2 template-based, supplemented with 1973 sludge 
analysis results.

The volume of sludge solids is less than the 360 ft3 volume target, so no efforts have been made 
to predict what dissolution process would be needed since it is unlikely to be necessary.

3.2.3 A-103

A-103 received waste starting in 1956 and was sluiced to a minimal heel in 1974.  After that 
successful sluicing campaign, A-103 received waste from 244-AR Vault.  A-103 was sluiced 
again in 1976 to an approximate 3 kgal heel before receiving evaporator slurry.  A-102 sludge 
inventory is P2 template-based, supplemented with 1977 sludge analysis results.

The following tables show the thermodynamic model predicted solids that might be present 
along with the source of the concentrations and the pH used in the model.  Table 3-19 repeats the 
P2 template results for comparison.  Table 3-20 shows the predicted solids using BBI with a pH 
of 12.7 calculated from the BBI free hydroxide value.

For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-19.  P2 Template – Concentrations
and pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 1.26E+04 45%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.13E+04 41%

Ca3Si2O6(OH)2•2H2O (Afwillite) 1.64E+03 6%

Table 3-20.  A-103 P2 BBI Concentrations and pH (12.7)

OLI Predicted Solid Solid mg/L Weight Percent

NaNO2 1.20E+06 63%
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Fe(OH)3 (Bernalite) 2.25E+05 12%

NaAlCO3(OH)2 (Dawsonite) 1.74E+05 9%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

9.92E+04 5%

Sodium nitrite is highly soluble in water, so it is expected to dissolve and be retrieved during the 
application of the first two technologies.  To focus on the insoluble sludge, another model run 
was made, removing the sodium nitrite.  Table 3-21 shows the predicted solids using BBI with a 
pH of 12.7 calculated from the BBI free hydroxide value once removing the salt.  Table 3-22
shows the predicted solids once removing the salt at the template pH.

Table 3-21.  A-103 BBI Concentrations and pH (12.7) with 
Salt Removed

OLI Predicted Solid Solid mg/L
Weight 
Percent

Fe(OH)3 (Bernalite) 2.25E+05 32%

NaAlCO3(OH)2 (Dawsonite) 1.74E+05 25%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

9.92E+04 14%

Na3PO4•8H2O 6.73E+04 10%

NiFe2O4 (Trevorite) 4.67E+04 7%

Na2SO4 (Thenardite) 3.72E+04 5%

Table 3-22.  A-103 BBI Concentrations and Template pH 
(13.1) with Salt Removed

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 2.25E+05 38%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

9.92E+04 17%

Al(OH)3 (Gibbsite) 8.98E+04 15%

NiFe2O4 (Trevorite) 4.67E+04 8%

Na3PO4•0.25NaOH•12H2O 4.53E+04 8%

Once the water soluble salt was removed, iron oxides are predicted to be the most abundant 
mineral.  The second most abundant mineral is an aluminum compound.  Depending on the pH 
the aluminum mineral may be soluble in caustic.  If the pH was 12.7 when the mineral was 
formed, dawsonite is the predicted aluminum mineral whereas if the pH was slightly higher 
cancrinite and gibbsite are predicted.  Dawsonite is readily soluble in caustic and is not predicted 
to ripen into an insoluble mineral at high temperatures.
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3.2.4 A-104

A-104 received waste starting in 1958 after receiving test water in 1957.  A-104 was sluiced in 
1970 then received waste from 244-AR Vault and other A Farm tanks.  A-104 leaked in 1975 
and the supernatant was pumped out.  The remaining sludge was designated as P1 and P2 type 
waste.

Due to the confirmed leak, chemical dissolution is not an anticipated retrieval method for A-104;
however, model runs were made for potential insight to the waste forms in A and AX tanks.

Sludge forms were modeled as layers to prevent chemical interactions in the model that would 
not have occurred under tank conditions.  The following tables show the thermodynamic 
model predicted solids that might be present along with the source of the concentrations and 
the pH used in the model.  Table 3-23 is based on the P1 template without any modifications.  
Table 3-24 and Table 3-25 show results using the BBI pH and P1 template pH, respectively.  
Table 3-26 shows the predicted solids in the P2 layer using BBI with a pH of 13.6 calculated 
from the BBI free hydroxide value.  Table 3-27 shows the predicted solids using the template 
pH of 13.1.  These two tables may be compared to the P2 template results presented elsewhere 
(e.g., Table 3-19).

For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-23.  P1 Template Concentrations and pH (13)

OLI Predicted Solid Solid mg/L Weight Percent

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

6.83E+03 39%

Fe(OH)3 (Bernalite) 6.39E+03 37%

Al(OH)3 (Gibbsite) 1.10E+03 6%

CaCO3 (Calcite) 1.08E+03 6%

NiCr2O4 9.07E+02 5%

Table 3-24.  A-104 P1 BBI Concentrations and BBI pH (13.6)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.87E+05 49%

Al(OH)3 (Gibbsite) 1.53E+05 16%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.35E+05 14%

Mn(OH)2 (Pyrochroite) 6.31E+04 6%

NiFe2O4 (Trevorite) 4.91E+04 5%
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Table 3-25.  A-104 P1 BBI Concentrations and
Template pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.87E+05 49%

Al(OH)3 (Gibbsite) 1.37E+05 14%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.35E+05 14%

Mn(OH)2 (Pyrochroite) 6.31E+04 6%

NiFe2O4 (Trevorite) 4.91E+04 5%

Table 3-26.  A-104 P2 BBI Concentrations and pH (13.6)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.87E+05 49%

Al(OH)3 (Gibbsite) 1.53E+05 16%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.35E+05 14%

Mn(OH)2 (Pyrochroite) 6.31E+04 6%

NiFe2O4 (Trevorite) 4.91E+04 5%

Table 3-27.  A-104 P2 BBI Concentrations and
Template pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.87E+05 50%

Al(OH)3 (Gibbsite) 1.45E+05 15%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.35E+05 14%

Mn(OH)2 (Pyrochroite) 6.31E+04 6%

NiFe2O4 (Trevorite) 4.91E+04 5%

A-104 was sampled in 2019 and sample results can be found in RPP-RPT-62031, Process 
Chemistry Test Results for Grab Sample from Tank 241-A-104.  The report also includes solid 
phase characterization.  A comparison of the solid phase characterization and the OLI predicted 
solids illustrates the influence of pH on whether dawsonite or gibbsite is predicted.

All of the A-104 tables above using BBI data predict that majority of the aluminum formed 
would be gibbsite and cancrinite.  The pH in all of the model simulations was above 13.  
RPP-RPT-62031 reports that dawsonite and cancrinite are the major aluminum phases observed.  
When the model pH is dropped to 11.5, dawsonite replaces gibbsite as the major aluminum 
phase formed.

RPP-RPT-62647 Rev.00 10/29/2020 - 3:05 PM 37 of 71



RPP-RPT-62647, Rev. 0

26

The chemical analysis shows that iron is 4.3 times more abundant than aluminum.  Due to the 
abundance of iron and the split of aluminum between caustic-soluble dawsonite and insoluble 
cancrinite, caustic dissolution is not likely to be beneficial to similar waste forms.

3.2.5 A-105

A-105 received test water in 1957, which remained the sole liquid in the tank until 1962 when it 
received PUREX acid concentrator waste, called inorganic wash waste (IWW).  A-105 was 
confirmed to have leaked from a bulged tank liner in 1965.  The supernate was pumped out and 
sluicing initiated in 1968.  A-105 had several sluicing campaigns in an attempt to remove solids.  
Due to the confirmed leak and damaged tank liner, chemical dissolution is not an anticipated 
retrieval method for A-105.

Tank A-105 has recently been sampled and from those results a revised inventory was estimated 
in RPP-RPT-58864, Derivation of Best Basis Inventory for Tank 241-A-105 as of April 1, 2020.

The OLI modeling predicts solids based on the composition and system conditions.  Table 3-28
shows the predicted solids from the most current BBI.  The quantity of components are based on 
estimated volume and laboratory results from the analysis of the 2019 sample.  The data included 
free hydroxide; the pH calculated from the free hydroxide value is 8.6.

For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-28.  A-105 Predicted Solids Based on Analysis, pH 8.6

OLI Predicted Solid Solid mg/L Weight Percent

Na2HPO4•12H2O 2.37E+06 75%

Fe(OH)3 (Bernalite) 4.04E+05 13%

Al(OH)3 (Gibbsite) 1.93E+05 6%

The sodium hydrogen orthophosphate dodecahydrate (Na2HPO4•12H2O) is water soluble, so it is 
expected to dissolve and be retrieved during the application of the first two technologies.  Table 
3-29 shows the solid composition without the water-soluble orthophosphate.

Table 3-29.  A-105 Solids Based on Analysis with pH 8.6
and Salt Removed

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.04E+05 52%

Al(OH)3 (Gibbsite) 1.93E+05 25%

NaAlCO3(OH)2 (Dawsonite) 5.10E+04 7%

NaUO2OOH•H2O (Clarkeite) 4.48E+04 6%
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The solids in Table 3-28 and Table 3-29 are estimated at the current conditions.  When A-105 
was removed from service in 1965, different conditions existed and different solids formed in 
those 1965 conditions.

Table 3-30 shows the solids that are predicted at a temperature closer to the conditions that 
existed in 1965.  A-105 was a self-boiling tank and the model temperature is near the limits that 
the model can calculate for this system (unless the pressure is increased all of the water vaporizes 
and the model the system conditions become physically impossible).  The caustic soluble 
aluminum species become insoluble boehmite.  The orthophosphate is not formed and more 
apatite (calcium phosphate) is predicted.

Table 3-30.  A-105 Solids Based on Analysis, pH 8.6 at 107 C

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 8.62E+05 46%

AlO(OH) (boehmite) 4.64E+05 25%

NaFeO2 1.38E+05 7%

UO2CO3 (Rutherfordine) 1.20E+05 6%

NiFe2O4 (Trevorite) 9.20E+04 5%

Ca3(PO4)2 8.49E+04 5%

A BBI derivation document for A-105 is available (RPP-RPT-58864) and provides data to 
further refine the conditions in A-105 when solids were formed around 1965.  The A-105 BBI
derivation predicts that the pH was about 12.1 with the temperature set at 107 °C.  Table 3-31
shows the predicted solids using the BBI composition and a pH of 12.1 (pH is increased from 
8.6 to 12.1 by adding sodium hydroxide).

Table 3-31.  A-105 Solids Based on Analysis, pH 12.1 at 105 C

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.04E+05 62%

AlO(OH) (boehmite) 1.28E+05 20%

NaUO2OOH•H2O (Clarkeite) 4.48E+04 7%

NiFe2O4 (Trevorite) 3.31E+04 5%

Ca5(OH)(PO4)3 (Hydroxylapatite) 2.96E+04 5%

The water content of the A-105 samples was about 6%.  When solids formed around 1965 the 
system was more hydrated.  Table 3-32 shows the predicted solids when the BBI composition is 
mixed with the A-105 flowsheet supernate at the time of the leak in 1965.  Supernate was added 
to the solids until the pH reached approximately 12.1.
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Table 3-32.  A-105 Solids Based on Analysis, pH 12.1 at 103 C

OLI Predicted Solid Solid mg/L Weight Percent

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

4.39E+02 46%

Fe(OH)3 (Bernalite) 4.05E+02 42%

NaUO2OOH • H2O (Clarkeite) 4.48E+01 5%

Comparing Table 3-31 and Table 3-32 illustrates the difficulties of predicting solids with OLI.  
The form of the aluminum solids changes between these tables, with a hydrated system it is more 
thermodynamically favorable for cancrinite to exist.  Even with these differences, the relative 
percentage of caustic-insoluble solids does not change appreciably.

Table 3-31 and Table 3-32 are probably most representative of the waste composition in A-105.  
As expected, nearly half the solids will be iron oxides and the next major component will be an 
aluminosilicate or dehydrated aluminum oxide.  Neither of the predicted aluminum compounds 
are anticipated to be soluble in caustic at retrieval temperatures.

The phase characterization report, RPP-RPT-61537, Physical Characterization and Process 
Chemistry Test Results for Grab Samples from Tank 241-A-105, concluded that 28% of the 
solids were iron oxides and 17% were gibbsite.  Boehmite was expected to be present due to the 
high temperatures that were present in the tank.  The analytical tools available are not ideal for 
detecting amorphous solids (such as boehmite) as evident in the sum of the identified solids add 
to 82%.

Regardless of the discrepancies, the most abundant mineral is insoluble in caustic.

3.2.6 A-106

A-106 received test water in 1957 and condensate from the boiling waste tanks, which remained 
the sole liquid in the tank until 1962 when it received a mixture of OWW, IWW and P1.  
Though solids are not documented at this time, the lowest layer of sludge is likely the 
precipitants of these separate waste streams mixing.  The tank was sluiced down to 11 kgal in 
1974 and then received waste from B Plant, 244-AR Vault, and slurries from the other A Farm
tanks.  A sample taken in 1977 showed the sludge to be high in iron and aluminum.  A-106 
sludge inventory is AR, P2, and SRR template-based.

Sludge forms were modeled as layers to prevent chemical interactions in the model that 
would not have occurred under tank conditions.  The following tables show the thermodynamic 
model predicted solids that might be present along with the source of the concentrations and 
the pH used in the model.  Table 3-33 is based on the AR template without any modifications.  
Table 3-34 and Table 3-35 show results using the BBI pH then AR template pH, respectively.  
Table 3-36, Table 3-37, and Table 3-38 show the SRR template results, the predicted solids 
in the SRR layer using BBI pH of 9.7, and then again at the SRR template pH, respectively.  
Table 3-39 shows the P2 template data again for comparison with Table 3-40 and Table 3-41, 
which show results for the P2 layer using the BBI pH then P2 template pH, respectively.
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For clarity, predicted solids below 5% were excluded from the following tables.

Table 3-33.  AR Template Concentrations and pH (13.7)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.50E+03 40%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

3.79E+03 34%

NiCr2O4 1.38E+03 12%

Table 3-34.  A-106 AR BBI Concentrations and BBI pH (9.7)

OLI Predicted Solid Solid mg/L Weight Percent

NaAlSi2.3O6.6 •4H2O
(sodium aluminosilicate gel)

2.52E+05 58%

Fe(OH)3 (Bernalite) 7.45E+04 17%

NaAlCO3(OH)2 (Dawsonite) 4.56E+04 10%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

2.09E+04 5%

Ca5(OH)(PO4)3 (Hydroxylapatite) 2.01E+04 5%

Table 3-35.  A-106 AR BBI Concentrations and
Template pH (13.7)

OLI Predicted Solid Solid mg/L Weight Percent

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

2.13E+05 40%

Na3PO4•0.25NaOH•12H2O 1.95E+05 37%

Fe(OH)3 (Bernalite) 7.45E+04 14%

Table 3-36.  SRR Template Concentrations
and pH (14.2)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 4.38E+03 58%

NaUO2OOH•H2O (Clarkeite) 1.82E+03 24%

CaCO3 (Calcite) 1.23E+03 16%
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Table 3-37.  A-106 SRR BBI Concentrations and pH (9.7)

OLI Predicted Solid Solid mg/L Weight Percent

NaAlSi2.3O6.6•4H2O
(sodium aluminosilicate gel)

2.69E+05 59%

Fe(OH)3 (Bernalite) 7.46E+04 16%

NaAlCO3(OH)2 (Dawsonite) 5.61E+04 12%

NA2[COO]2 (Natroxalate) 2.12E+04 5%

Ca5(OH)(PO4)3 (Hydroxylapatite) 2.05E+04 5%

Table 3-38.  A-106 SRR BBI Concentrations
and Template pH (14.2)

OLI Predicted Solid Solid mg/L Weight Percent

Na3PO4•0.25NaOH•12H2O 2.15E+05 38%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

2.13E+05 38%

Fe(OH)3 (Bernalite) 7.46E+04 13%

Table 3-39.  P2 Template – Concentrations
and pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 1.26E+04 45%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

1.13E+04 41%

Ca3Si2O6(OH)2•2H2O (Afwillite) 1.64E+03 6%

Table 3-40.  A-106 P2 BBI Concentrations and BBI pH (9.7)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 3.71E+05 50%

NaAlCO3(OH)2 (Dawsonite) 1.94E+05 26%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

5.83E+04 8%

NiFe2O4 (Trevorite) 4.67E+04 6%
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Table 3-41.  A-106 P2 BBI Concentrations and
Template pH (13.1)

OLI Predicted Solid Solid mg/L Weight Percent

Fe(OH)3 (Bernalite) 3.71E+05 52%

Al(OH)3 (Gibbsite) 1.06E+05 15%

Na8Al6Si6O24CO3•H2O
(Cancrinite monohydrate)

5.83E+04 8%

NiFe2O4 (Trevorite) 4.67E+04 7%

Na3PO4•0.25NaOH•12H2O 4.58E+04 6%

The largest sludge layers in A-106 are the SRR and P2.  A soluble aluminum mineral is only 
predicted when the BBI pH of 9.7 is modeled.  This pH seems unusually low compared to the 
HDW model pH.  Without the soluble phosphate salts the most abundant minerals are again iron 
oxides and generally insoluble cancrinite.
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4.0 OPTIONS FOR A THIRD TECHNOLOGY

4.1 CHEMICAL RETRIEVAL

Iron and aluminum are abundant elements in Hanford tank solids that typically remain after 
water-based retrieval technologies are used to remove waste from SSTs.  In addition, phases 
containing silicon, manganese, and uranium, with various other phases at lesser quantities, add to 
the total mass remaining in the tank.  Chemical approaches to dissolve iron and aluminum can
also dissolve the other phases in the tank at varying levels of effectiveness, but since iron and 
aluminum dominate, these chemical approaches are generally categorized as iron-dissolution or 
aluminum-dissolution.

4.1.1 Iron Dissolution

Common iron phases in Hanford tanks include hematite (Fe2O3), magnetite (Fe3O4), and 
lepidocrocite (Fe(O)OH).  Most of the iron exists in the Fe(III) oxidation state in the solids.  
All these phases have very low solubilities in water.  Adding an acid (lowering the pH) will 
cause chemical reactions to the metal oxides and hydroxides, liberating the oxidized iron, 
bringing it into solution.  The choice of acid to provide the free protons (H+

(aq)) is important since 
the anion from the acid could form other insoluble iron phases, lead to higher tank corrosion 
rates, or the salt after neutralization could have downstream negative impacts.  For example, the 
Cl- anion in hydrochloric acid is a disrupter of the passive film of carbon steel and can lead to 
pitting corrosion.

Some organic acids also have the added benefit of having anions that form complexes with the 
iron ion, such as, oxalic acid and citric acid, SRNL-STI-2009-00791, Alternative Enhanced 
Chemical Cleaning:  Basic Studies Results FY09.  These anions, referred to chelating agents, can 
attach to the iron ion, helping to keep it in solution, increasing the iron solubility and reducing
re-precipitation.  The most widely used organic acid for dissolution of iron in nuclear waste tanks 
is oxalic acid.  Equation 1 shows the acidic reaction of hematite with oxalic acid and the 
resulting monobioxalate (single anion) complex.

It is important to note that when using only oxalic acid, the four protons in Equation 1 need to be 
supplied by additional oxalic acid molecules which are not taking part in an iron complex.  
Since oxalate can have negative downstream impacts, it can be advantageous to use a 
supplementary acid to supply these additional protons.

The pH has a direct effect on the ratio of oxalate anion to iron in the complex.  At a pH around 1, 
the complex exists as the monobioxalate molecule (Equation 1).  Above pH 2, the complex exists 
as a trioxalate (three anion) molecule (Equation 3).  Between pH 1 and 2, the iron is in a mixture 
of the mono-, tri-, and a dioxalate (two anion) complex (Equation 2).  Therefore, adding another 
acid (e.g., nitric) to lower the pH can minimize the amount of oxalic acid needed to complex 
with the liberated iron.
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Fe2O3(s) + 2H2C2O4(aq) + 4H+
(aq) → 2FeHC2O4

2+
(aq) + 3H2O Equation 1

Fe2O3(s) + 4H2C2O4(aq) → 2Fe(C2O4)2
-
(aq) + 3H2O + 2H+

(aq) Equation 2

Fe2O3(s) + 6H2C2O4(aq) → 2Fe(C2O4)2
3-

(aq) + 3H2O + 6H+
(aq) Equation 3

4.1.2 Aluminum Dissolution

Aluminum is an amphoteric species, allowing it to be dissolved in either an acid or base.  
Dissolution with an acid is a simple acid/base neutralization reaction.  Although aluminum 
species can be dissolved in acids, it can be beneficial to not use an acid, as acids can have several 
downstream negative impacts, such as a need for neutralization and higher corrosion rates to the 
tank steel liners.

Aluminum dissolution by caustic (NaOH) has been shown to be a very effective agent in 
aluminum removal in SSTs, PNNL-12026, Washing and Caustic Leaching of Hanford Tank 
Sludge:  Results of FY1998 Studies.  The aluminum is removed by converting insoluble 
aluminum oxides/hydroxides into a soluble sodium aluminate (NaAlO2) phase.  Dawsonite 
(NaAlCO3(OH)2), an aluminum phase that can form in the tanks a lower pH, is also readily 
soluble in caustic solutions.  Equations 4 and 5 show how caustic reacts with gibbsite (Al(OH)3) 
and boehmite (AlOOH).

Al(OH)3(s) + NaOH(aq) → NaAlO2(aq) + 2H2O Equation 4

AlOOH(s) + NaOH(aq) → NaAlO2(aq) + H2O Equation 5

Although Equations 4 and 5 show complete dissolution of both gibbsite and boehmite by caustic, 
the boehmite will react at a lower rate than the gibbsite which typically requires the caustic to be 
added at higher concentrations and/or temperatures.

It is generally recognized that caustic has less downstream impacts to the double-shell tank 
(DST) system than acids.  Since the DSTs are maintained at high pH (>12), there is usually no 
need to adjust the pH after transfer into a DST.  In addition, the high pH passivates the steel 
liners of the tank, minimizing corrosion.

4.1.3 Cancrinite Dissolution

Sodium aluminosilicates of varied composition are common in Hanford tank sludge waste.  
The most commonly identified mineral is cancrinite, which has the general formula 
Na3CaAl3Si3O12CO3, and most of these particles are smaller than 5 µm in diameter.

Unlike the iron and aluminum sludge phases, which are either soluble with a dilute organic acid 
or caustic solution, cancrinite is only soluble with a high concentrated, strong acid, typically at 
high temperatures which is not compatible with the tank and associated equipment and poses 
increased safety risks to the workers.  This makes cancrinite mostly unaffected by the chemical 
dissolution strategies that are amenable to tank retrievals.
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4.1.4 Strontium Dissolution

Strontium may be present as a carbonate, phosphate or associated with the iron.  All of these 
compounds have very low solubilities in water.  Whereas strontium carbonate and strontium 
phosphate (nastrophite) are readily soluble in acid solutions (Equations 6 and 7):

2H+ + SrCO3(s) → Sr2+ + H2O + CO2(g) Equation 6

6H+ + Sr3(PO4)2 → 3Sr2+ + 2H3PO4 Equation 7

Strontium, if associated with iron, will release with iron dissolution (section 4.1.1).  The 
strontium in all of these compounds will dissolve or be released with the process chosen to 
dissolve the iron.

4.2 CHEMICAL DISSOLUTION PROCESSES THAT HAVE BEEN 
IMPLEMENTED OR TESTED

4.2.1 Field Implementation of Chemical Dissolution at Hanford and Savannah River

Historically there have been three basic processes used at the Hanford and Savannah River Sites
to chemically dissolve waste in the waste tanks:

1. Inhibited Sulfuric Acid

A 1 M inhibited sulfuric acid mixture was added to the upper crust of the A-105 tank 
sludge during an earlier tank cleanout.  It was reported that there was no intention to 
dissolve the material but only to soften and sluice the sludge (Schmidt and Smith 1968).

2. Oxalic Acid

Dissolution studies at 222S Laboratory on the Hanford Site was performed on C-106 
solids.  Testing showed that 0.9 M oxalic acid was the optimal concentration to dissolve 
the solids.  There was a reduction of the solids by 50 to 60% (~25 wt% iron) using 0.9 M 
oxalic acid (RPP-17158, Laboratory Testing of Oxalic Acid Dissolution of Tank 
241-C-106 Sludge).

Six strikes (142 kgal) of 0.9 M oxalic acid was used to remove waste from C-106.  The 
waste recovery for each strike was less than 3 % (RPP-20110, Stage I Retrieval Data 
Report for Single-Shell Tank 241-C-106).

Oxalic acid was also used at Savannah River for sludge removal in tanks 5, 6, and 12H.  
In Tank 12H, three strikes of 4 wt% oxalic acid were used to remove sludge, resulting in 
a 55% reduction (SRR-CWDA-2014-00086, Industrial Wastewater Closure Module For 
Liquid Waste Tank 12H H-Area Tank Farm).
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3. Sodium Hydroxide

Sodium hydroxide, 50 wt%, was used to retrieve waste from half of the 100 series 
C Farm tanks at the Hanford Site, with an effectiveness ranging from 28 – 96%, 
depending on chemistry.  Due to the difference in waste types between C Farm and
A/AX Farms, sodium hydroxide is not expected to be effective as discussed in Section 3.

Chemical dissolution of tank waste was also performed in a processing plant setting.  
244-AR was used to process sluiced waste/slurried sludges from A and AX Farms (ARH-374, 
244-AR Vault Information Manual).  The process was performed in stainless steel tanks to 
dissolve strontium and cesium from the settled sludges, using 57 weight % nitric acid, agitated 
and digested at 90 °C.  The dissolved material was sent to B Plant for further processing.  There 
is an indication the sludges were not completely dissolved after nitric acid dissolution.  Residual 
solids after separation were transferred back to the receiver tank.

4.2.2 Additional Laboratory Testing of Chemical Dissolution

Laboratory dissolution testing of an oxalic/nitric acid blend was performed on C-106 tank sludge 
as reported in RPP-17158.  A mixture of 1M oxalic acid and 2M nitric, at a 1:1 volume ratio was 
used.  This was only slightly more effective than oxalic alone.  However this combination may 
lower oxalate concentrations, thereby reducing the accumulation of precipitated oxalate solids in 
the receiver tank.

Simulant Studies

Pacific Northwest National Laboratory (PNNL) performed a scoping test using a wide range of 
organic acids, aminocarboxylic acids, alcohols and mineral acids to dissolve oxides of iron, 
aluminum, manganese, and chromium.  Based on the performance of these tests, further testing 
was performed with a mixture of oxalic acid/citric acid and also oxalic acid/nitric acid.  It was 
found that oxalic acid dissolved more of the iron oxide than the varied concentrations of 
oxalic/citric and oxalic/nitric mixtures (PNNL-14378, Candidate Reagents for Dissolution of 
Hanford Site Tank Sludges – Scoping Studies with Simulants Using Single Reagents and Their 
Mixtures).

Similar testing at Savannah River National Laboratory (SRNL) also showed that oxalic acid was 
more effective at dissolving iron (SRNL-STI-2009-00791).

Iron Dissolution Testing

Selective extraction of geological materials used two methods to dissolve iron (Jackson et al, 
1986).  The first method for amorphous iron was a mixture of ammonium oxalate and oxalic 
acid.  The second method for crystalline iron was a mixture of sodium citrate, sodium 
bicarbonate and sodium dithionite.

Testing performed by Santosh et al., 1997 to optimize the dissolution of iron developed a 
mixture of citric acid, ethylenediaminetetraacetic acid (EDTA), and ascorbic acid that effectively 
dissolved iron oxide.
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Summary of Chemical Dissolution Data

A summary of laboratory testing and field results with various chemical dissolution agents is 
shown in Table 4-1.
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Table 4-1.  Summary of Reported Effectiveness for Various Chemical Retrieval Strategies for Hanford Tank Waste Sludge
(4 sheets)

Dissolution 
Method Conc. Effectiveness Amount Time Temp

Steel 
Corrosion References Additional Comments

Caustic (NaOH) 1 M Al = 39%

Cr = 49%

P = 90%

80 mL to 1 g 
solid

7 days 60 °C minimal PNNL-13702 Used actual S-110 sludge.  
Chemical analysis showed the 
sludge was mostly Al phases.

Al = 69%

Cr = 78%

P = 92%

80 mL to 1 g 
solid

7 days 80 °C

3 M Al = 47%

Cr = 70%

P = 92%

80 mL to 1 g 
solid

7 days 60 °C

Al = 91%

Cr = 89%

P = 97%

80 mL to 1 g 
solid

7 days 80 °C

5 M Al = 50%

Cr = 81%

P = 94%

80 mL to 1 g 
solid

7 days 60 °C

Al = 96%

Cr = 90%

P = 99%

80 mL to 1 g 
solid

7 days 80 °C

1 M Al = 66%

Cr = 52%

30 mL to 1 g 
solid

7 days 70 °C minimal PNNL-12026 Used S-101 sludge which was 
high in boehmite.

Al = 87%

Cr = 71%

15 mL to 1 g 
solid

7 days 95 °C

3 M Al = 59%

Cr = 75%

9 mL to 1 g solid 7 days 70 °C

Al = 89%

Cr = 76%

4.5 mL to 1 g 
solid

7 days 95 °C
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Table 4-1.  Summary of Reported Effectiveness for Various Chemical Retrieval Strategies for Hanford Tank Waste Sludge
(4 sheets)

Dissolution 
Method Conc. Effectiveness Amount Time Temp

Steel 
Corrosion References Additional Comments

Oxalic Acid 0.5 M Fe(OH)3 = 38%

Cr(OH)3 = 95%

Al(OH)3 = 52%

Na2U2O7 = 74%

3-fold molar 
excess

40 hr 23 °C 0.11 mpd PNNL-14378, WSRC-
TR-2003-00401

1.0 M C-106 sludge = 23% 7.5/1 vol ratio 6 days 23 °C 0.11 mpd RPP-17158, WSRC-
TR-2003-00401

C-106 major phases were 
dawsonite and hematite 

(Fe2O3).  Chemical analysis = 
~1/3 Al, Fe, and Mn.

C-106 sludge = 51% 20/1 vol ratio

C-106 sludge = 68% 35/2 vol ratio 18 days

8 wt%
(0.9 M)

Fe = 62%

Al = 84%

Mn = 40%

U = 73%

20/1 vol ratio 7 days 50 °C 0.38 mpd SRNL-STI-2009-
00500, WSRC-TR-

2003-00401

Lab testing with a sludge 
sample from tank 5F

Fe = 76%

Al = 100%

Mn = 59%

U = 87%

20/1 vol ratio 7 days 75 °C

Fe = 15%

Al = 78%

Mn = 40%

U = 100%

20/1 vol ratio +2

13/1 vol ratio

ND 50 °C 0.38 mpd SRNL-STI-2009-
00500, WSRC-TR-

2003-00401 

Actual results from three 
consecutive strikes to tank 5F

0.5 M FeOOH = 45.0%

Gibbsite = 5.7%

1.5/1 molar ratio 7 days 22 °C 0.11 mpd WRPS-1501657, 
WSRC-TR-2003-

00401
FeOOH = 44.5%

Boehmite = 0.2%

1.5/1 molar ratio 7 days 22 °C

4 wt%
(0.45 M)

Tank 16H sludge = 70% 30:1 vol ratio 1, 9, 15 hrs 
(3 steps)

50 °C 0.43 mpd WSRC-TR-2003-
00401, WSRC-TR-

2003-00401

Used actual sludge waste from 
tank 16H for this testing (Wt.%:  

Fe3+ = 40%, AlO2
- = 16%, 

MnO2 = 16%)
Tank 16H sludge = 92% 30:1 vol ratio 1, 9, 15 hrs 

(3 steps)
85 °C

Hydrofluoric 
Acid (HF)

0.5 M Fe(OH)3 = 72%

Cr(OH)3 = 79%

Al(OH)3 = 100%

3-fold molar 
excess

40 hr 23 °C PNNL-14378
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Table 4-1.  Summary of Reported Effectiveness for Various Chemical Retrieval Strategies for Hanford Tank Waste Sludge
(4 sheets)

Dissolution 
Method Conc. Effectiveness Amount Time Temp

Steel 
Corrosion References Additional Comments

Na2U2O7 = 100%

Nitric Acid 
(HNO3)

0.5 M Fe(OH)3 = 0%

Cr(OH)3 = 59%

Al(OH)3 = 15%

Na2U2O7 = 100%

3-fold molar 
excess

40 hr 23 °C 1.1 mpd PNNL-14378, WSRC-
TR-2003-00401

0.125 M Magnetite =4%

Hematite = 2%

~100 mass ratio 
(liq/solid)

36 days 25 °C SRNL-STI-2009-
00791

0.125 M Magnetite =6%

Hematite = 2%

~100 mass ratio 
(liq/solid)

22 days 70 °C

Sulfuric Acid
(H2SO4)

0.125 M Magnetite =79%

Hematite = 30%

~100 mass ratio 
(liq/solid)

36 days 25 °C SRNL-STI-2009-
00791

Magnetite =91%

Hematite = 15%

~100 mass ratio 
(liq/solid)

22 days 70 °C

Citric Acid 0.5 M Fe(OH)3 = 0%

Cr(OH)3 = 0%

Al(OH)3 = 0%

Na2U2O7 = 100%

3-fold molar 
excess

40 hr 23 °C 0.50 mpd PNNL-14378, WSRC-
TR-2003-00401

Citric/Oxalic 
Acid

0.25M/0.25M Fe(OH)3 = 29%

Cr(OH)3 = 38%

Al(OH)3 = 37%

Na2U2O7 = 54%

3-fold molar 
excess

40 hr 23 °C PNNL-14378

HNO3/Oxalic 
Acid 

0.25M/0.25M Fe(OH)3 = 9%

Cr(OH)3 = 29%

Al(OH)3 = 38%

Na2U2O7 = 18%

3-fold molar 
excess

40 hr 23 °C 0.27 mpd PNNL-14378, WSRC-
TR-2003-00401

50%/50% volume ratio of the 
two acids

2.0M/1.0M C-106 sludge = 22% 7.5/1 vol/vol 5 days 23 °C RPP-17158 C-106 major phases were 
dawsonite and hematite 

(Fe2O3).  Chemical analysis = 
~1/3 Al, Fe, and Mn.

C-106 sludge = 53% 20/1 vol/vol 5 days 23 °C

0.125 M Magnetite =84%

Hematite = 59%

~100 mass ratio 
(liq/solid)

36 days 25 °C SRNL-STI-2009-
00791

pH controlled by HNO3
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Table 4-1.  Summary of Reported Effectiveness for Various Chemical Retrieval Strategies for Hanford Tank Waste Sludge
(4 sheets)

Dissolution 
Method Conc. Effectiveness Amount Time Temp

Steel 
Corrosion References Additional Comments

Magnetite =39%

Hematite = 41%

~100 mass ratio 
(liq/solid)

22 days 70 °C

H2Na2EDTA 0.25 M Fe(OH)3 = 0%

Cr(OH)3 = 13%

Al(OH)3 = 0%

Na2U2O7 = 96%

3-fold molar 
excess

40 hr 23 °C PNNL-14378

Citric/EDTA/
Ascorbic Acid

11:44:4 
mol/m3

Fe(OH)3 =100% 25 °C Santosh, et al.

mpd = mils per day

ND = not disclosed
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5.0 SCREENING PROCESS AND RECOMMENDED OPTIONS FOR TESTING

A preliminary screening of third retrieval technologies for the residual waste was performed 
based on the available information in July 2020.  The details are presented in Section 5.1.

Based on the screening, the IPT recommends that the following subset of the chemical solvents 
be considered for laboratory dissolution testing:

 Caustic
 Oxalic acid (0.9 M and 0.45 M)
 Oxalic/nitric acid blend
 Citric acid/ascorbic acid/ethylenediaminetetraacetic acid (EDTA) blend.

Information on laboratory testing and/or field application of these for recommended options are 
provided in subsequent sections.  Liner corrosion testing is described in a separate section.

These recommendations for testing apply to samples of AX-102 waste after retrieval using two 
(2) technologies.  AX-102 is the first tank to be evaluated.  In evaluating additional tanks for a 
potential third retrieval technology, testing may not be required, or only a subset of chemicals 
may be chosen for testing.

5.1 DECISION MATRIX

The screening was performed qualitatively by a consensus of the IPT members.  The screening 
was split into positive attributes (e.g., likelihood of reaching the retrieval volume goal) and 
negative attributes (e.g., volume of DST space consumed by applying the technology).  
Each attribute was given a qualitative weighting for relative importance.  Technologies were 
given a high (H), medium (M), or low (L) ranking based on how each was judged against the 
attribute.

The screening was performed with the most consideration given to the initial AX Farm retrieval, 
AX-102.  The preliminary decision weighting for positive and negative attributes is shown in 
Tables 5-1 and 5-2.

A number of chemical solvents were discussed but ruled out prior to the ranking process, as they 
were perceived to have a low probability of being implemented.  These included hydrofluoric 
acid, ammonium oxalate, potassium hydroxide, and ferric nitrate.
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Table 5-1.  AX-102 Positive Attributes with Relative Importance Levels (1-7)

Options

Effective-
ness for 
Meeting 

Volume –
Does it 
work?

(1)

Effective-
ness for Risk 

Drivers –
Does it 

remove Sr?
(2)

Maturity of 
Process –

Has it been 
used 

before?
(3)

Supports 
Consent 
Decree 

Schedule
(3)

Ease of 
Env/ 

permit 
changes

(4)

Ease of 
DSA/ 

Licensing 
changes

(4)

Compatibility 
with Materials 
– Are In-tank 

materials 
compatible?

(5)

Adequacy of 
Existing 

Infrastruc-
ture – Is new 
equipment 

needed?
(6)

Impact 
on tank 

vent 
system

(6)

Operating 
Effective-

ness around 
Obstruc-

tions
(7)

Effective-
ness based 
on Waste 

Depth
(7)

Oxalic Acid M- M- H- L L+ M H M- M H H

Oxalic/Nitric 
Acid Blend

M- M- L L L L L L L+ H H

Citrate/ 
Ascorbic/ 
EDTA Acid 
Blend

M- TBD L L L+ L+ H- M- M H H

NaOH L L H H H H H H H H H

NaOH (higher 
temp <150 °F)

L+ L L L H M H L M H H

Nitric Acid L+ M- L L L L L L L+ H H

The numbers in the header represent a qualitative weighting estimate of relative importance for the parameter (1 is highest)

H-High Likelihood of Success, M-Moderate Likelihood of Success, L-Low Likelihood of Success, TBD-to be determined (not enough information to make a judgment at this time)
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Table 5-2.  AX-102 Negative Attributes with Relative Importance Levels (1-6)

Options

IH/Safety
Impacts – Does it 

introduce Safety/IH 
concerns?

(1)

Tank Space 
Impacts – Does it 
require more/less 
storage volume?

(2)

TSCR/DFLAW 
Impacts – Does it 
cause processing 

problems?

(3)

Evaporator 
Impacts – Does it 

cause WVR 
problems?

(4)

SST Closure 
Impacts – Does it 

cause closure 
problems?

(5)

HLW Vit Impacts –
Does it cause WTP 

processing 
problems

(6)

Oxalic Acid M H L+ H L M

Oxalic/Nitric Acid 
Blend

M M L+ M M M

Citrate/Ascorbic/EDTA
Acid Blend

L M L+ M L L

NaOH L L L L L L

NaOH (higher temp 
<150 °F)

L+ L L L L L

Nitric Acid M M L L M L

The numbers in the header represent a qualitative weighting estimate of relative importance for the parameter (1 is highest)

H-Highly Negative, M-Moderately Negative, L-Minor Negative Impacts
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5.2 CAUSTIC

Caustic solutions have been added numerous times, to both SSTs and DSTs, in concentrations up 
to 50 wt% (19 M) sodium hydroxide (NaOH).  Caustic is proven to be successful in dissolving 
certain aluminum compounds such as gibbsite and dawsonite, but are ineffective for 
boehmite/cancrinite or iron compounds such as bernalite and hematite.

Dissolution rates will be faster in hot caustic (150 °F), and overall dissolution could be greater 
than for room-temperature caustic.  Hot caustic would require equipment upgrades to maintain 
an elevated temperature of up to 150 °F.  This process would be very difficult, if not impossible, 
to perform in the field.

5.3 OXALIC ACID

Oxalic acid dissolution has been used at Hanford and Savannah River.  There was a variation in 
the concentration of oxalic between the sites, with 0.9 M used at Hanford and 0.45 M at 
Savannah River.  The lower concentration of oxalic used at Savannah River appears to be as or 
more effective at removing tank solid compared to the higher concentration used at Hanford
(Sec. 4.2.1).  Using lower concentrations of oxalic acid would beneficial by lessening the 
downstream effects.  It is recommended that testing be performed on both concentrations.

5.4 OXALIC ACID/NITRIC ACID

A blend of acids may be advantageous in preserving the desirable properties of oxalic acid and 
yet reduce the amount of oxalic acid required to stay at a low pH, where dissolution is enhanced.  
Using less oxalic acid will have less downstream effects after neutralization to oxalate, which is 
relatively insoluble in tank waste, especially when concentrated.

5.5 CITRIC/ASCORBIC/ETHYLENEDIAMINETETRAACETIC ACIDS

Testing performed by Santosh et al. showed that a combination of citric acid, EDTA and 
ascorbic acid at ratios of 11:44:4 mol/m3 at a pH of ~3 showed complete dissolution of iron 
oxide in 4 hours.

RPP-RPT-62647 Rev.00 10/29/2020 - 3:05 PM 56 of 71



RPP-RPT-62647, Rev. 0

45

6.0 DOWNSTREAM EFFECTS

The discussion of downstream effects is based mainly on the potential addition of oxalic acid due 
to the familiarity of that process.  If another technology is chosen then the downstream effects 
will be revisited at that time, if necessary.  If caustic is chosen, the downstream effects will be 
much less significant than described below.

6.1 INFRASTRUCTURE REQUIREMENTS

The chemical addition piping for A and AX Farm retrieval was designed to be compatible with 
sodium hydroxide and oxalic acid (RPP-SPEC-60023).  If other chemicals are used then the 
chemical additional system and waste transfer system will need to be evaluated for these 
chemicals.

The chemicals, once in the SST, can be mixed using the existing waste transfer system.  
The liquid is pumped from the tank to a diversion box where the liquid can be returned to the 
SST via a sluicer.  The current waste transfer system does not have any instrumentation that can 
be used to monitor the chemical reaction to determine effectiveness and completion.  A pH meter 
could be installed in-line or inserted into the tank for monitoring the acid concentration.  
Sampling the solution to determine the pH could cause undesirable delays waiting for sample 
turnaround at the laboratory.

The presence of an acid stream within a tank will increase hydrogen generation through steel 
liner corrosion.  RPP-CALC-60859 demonstrates an addition of 30 kgal of 1 molar oxalic acid 
will reach the lower flammability limit after 27 days.  Safety certification of the ventilation 
system or instrumentation will be required before an acid could be used for tank retrieval.

The chemical solution, when reacted, is transferred to DST receiver tank AZ-102 for AX Farm 
or AP-101 for A Farm retrievals.  The liquid from the SST entering the DST may require 
additional mixing for corrosion control.  The AX Farm retrieval system has a dual drop leg that 
drops liquid onto the AZ-102 waste surface, over 20 feet from the existing waste transfer pump 
that could be used to mix the tank.  If recirculating through the current pump is not adequate, 
then a mixer pump would be required.  Alternatively, a slurry distributor could be installed to 
release the waste sub-surface, promoting mixing.  If an additional mixer pump is required, 
additional infrastructure will also be required to support the mixer pump.  

6.2 EFFECT ON DST WASTE COMPATIBILITY

This discussion focuses on the issue of solids accumulation in DSTs, for example AZ-102 
(AX Farm slurry receiver) and also 242-A Evaporator slurry receiver tanks, likely in AP Farm.

Roughly a height of 100 to 120 inches of solids can often be tolerated in a tank before 
constraining transfers, but the analysis is different for each DST.  Issues generally arise from 
overlaying concentrated supernatant over accumulated solids, but problems can arise even when 
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filling tanks with dilute supernatant.  The Waste Group calculations, documented in RPP-10006, 
include an equation with the height of settled solids as a squared factor, and the ratio of 
supernatant to settled solids density (so denser supernatant is less favored).  Deep sludge 
accumulation, as in AN-101 and AN-106, is not an option for most DSTs.  The solids in those
tanks behave fundamentally differently than a typical DST containing saltcake or a combination 
of saltcake and sludge (RPP-10006).

Maximum temperature controls may also be challenged by the additional solid height.  
RPP-CALC-63063 demonstrates AZ-102 stays under the Operating Specification Document 
control of 150 ℉ with the solid layers from AX-102 and AX-104 sludge retrieval
(OSD-T-151-00007).  The solids added from oxalate precipitation will likely challenge this limit.

Parametric waste compatibility assessment analyses were performed to evaluate AZ-102 with 
additional solids from retrieval and from oxalic acid dissolution in AX Farm.  The results 
(attached in Appendix B) are preliminary and include simplifying assumptions, so the indicated 
results should be considered approximate.  The analysis assumed an oxalic acid volume and 
solids accumulation in the DST receiver tank consistent with the C-106 oxalic acid dissolution 
described in Section 6.3 below.  That is, 142 kgal of approximately 1 M oxalic acid, which 
produced an estimated 30 inches of solids in the retrieval receiver.

The results indicate that solids accumulation in AZ-102 is more problematic than for a typical 
DST.  The addition of an assumed 30 inches of oxalate solids to the existing 38 inches, in 
addition to the planned sludge solids from AX Farm, could be accommodated in AZ-102, but 
only by reducing the fill height from 364 inches to an estimated 320 inches.  The temperature 
and gas generation rate in AZ-102 are higher than for most tanks, so it can accommodate less 
solids than a typical DST before having compatibility issues.

6.3 EFFECT ON TANK SPACE

Acid addition and subsequent neutralization with concentrated caustic in the DST system will 
increase the volume in the DST system.  The C-106 oxalic acid addition totaled 142 kgal 
(concentration 0.9 M), plus 251 kgal of water, to retrieve 15 kgal of waste (RPP-19919, 
Campaign Report for the Retrieval of Waste Heel from Tank 241-C-106).

The waste compatibility assessment for transfer of oxalic acid from C-106 to AN-106
(RPP-16782) noted that approximately 20 kgal of 25 wt% sodium hydroxide (8 M) were added 
to AN-106, along with chemistry control-compliant supernatant from another DST, in order to 
provide buffering of the oxalic acid.  If concentrated caustic (19 M) were used for buffering, 
approximately 15 kgal would be needed to counteract the effect of 140 kgal of 1 M oxalic acid.

Thus the overall volume effect in the receiver DST would be an increase of roughly 430 kgal for 
oxalic acid dissolution, assuming a comparable situation to the C-106 oxalic acid addition.  
The volume could be reduced by evaporation, as discussed below.

The volume would include solids precipitated as a result of concentration.  The C-106 process 
control plan (RPP-16462, Process Control Plan for Tank 241-C-106 Acid Dissolution) estimated 
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that 24 inches of oxalate solids and 3 inches of metal oxides/hydroxides would accumulate in 
AN-106 as a result of the oxalic acid retrieval activity.  Solids level measurements (SVF-1112) 
indicate that approximately 30 inches of solids accumulated in AN-106, comparing 
measurements before the oxalic acid transfers to measurements just prior to the C-103 retrieval 
in 2005.  Some compaction of those solids over time is likely.  There were also downstream 
effects in the 242-A Evaporator feed tank.  Evaporator Campaign 07-01 concentrated a blend of 
supernatant from AN-106 (including the neutralized oxalic acid) and AY-101.  The waste was 
too dilute to be concentrated to a typical target density in one pass, so the slurry was routed 
directly back to the feed tank (AW-102).  Oxalate precipitation was anticipated, and solids 
accumulation in AW-102 can be estimated as approximately 11 inches, based on the point at 
which the Enraf6 level measurement device contacted solids at the end of processing going from 
18 inches in the prior campaign to 29 inches for Campaigns 07-01/07-02 (RPP-RPT-37727, 
242-A Evaporator Campaign 07-01/07-02 Post-Run Report).

However, actual oxalic acid usage is expected to be less on a per-tank basis for AX Farm than 
was necessary for C-106.  Table 6-1 shows a preliminary estimate of the acid, water, and caustic 
volumes necessary to apply oxalic acid as the third technology for sludge retrieval in AX Farm 
tanks.  The data are documented in an attachment to RPP-RPT-62694, Revised Fluid Volumes 
Estimate for A/AX Tank Farm Retrievals.  Volumes shown are minimums and do not include any
operational contingencies.

Table 6-1.  Minimum Estimated Volumes in AX Farm Tanks for Oxalic Acid Dissolution

Tank
Sludge 

Volume (kgal)
Acid Addition 

(kgal)
Water 

Sluicing (kgal)
50 wt% Caustic 
to DST (kgal)

Estimated Solid 
Formation (inches 
in receiver DST)

AX-101 3 16.5 16.5 1.8 4.4

AX-102 6 38.5 78.8 4.2 10.2

AX-103 8 54.9 112 6.0 14.5

AX-104 5 24.9 51 2.8 6.6

Total rounded 22 135 258 15 36

The pro-rated solids formation is estimated by ratio to the C-106/AN-106 results described 
above.  The sum of the minimum projected solids for all of the AX Tanks is 36 inches, which is 
not significantly different than the 30 inches evaluated in Section 6.2, given the uncertainties and 
approximations in the evaluation.  The results indicate that either fill height restrictions in 
AZ-102 would be required, or another retrieval receiver tank might be necessary to complete all 
of the AX Farm retrievals (or both).

The potential for 242-A Evaporator volume reduction can be estimated very roughly by 
assuming that two passes could be achieved, at 50% waste volume reduction per pass or 75% 
overall, since the acid and water are very dilute.  The liquid volume of slightly over 400 kgal 
could likely be reduced to approximately 100 kgal by evaporation.  The neutralized oxalic acid 
                                                
6 Enraf is a registered trademark of Honeywell International, Inc., Morristown, New Jersey.
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would require blending with other streams prior to being concentrated in order to avoid excessive 
solids precipitation; however, some further precipitation, up to perhaps 10 inches for the volumes 
estimated in the table above, is likely upon blending and evaporation of the liquids resulting from 
oxalic acid dissolution activities.

6.4 EFFECT ON THE 242-A EVAPORATOR

Oxalic acid addition and associated water sluicing will add significant dilute volume the DST 
system.  This will require blending and evaporation at 242-A.  Processing of dilute streams 
typically requires multiple passes through the Evaporator in order to reach maximum waste 
volume reduction.  Multiple passes run the risk of precipitating solids in the evaporator feed or 
slurry receiver tanks.

6.5 EFFECT ON SST LINER

The carbon steel SST liners are kept at high pH to inhibit corrosion.  At high pH (12 and above), 
a protective coating forms.  When the pH is reduced significantly below 12, general corrosion 
will accelerate.

Corrosion rates will be evaluated during laboratory testing.  This will be accomplished by 
exposure tests using coupons made from a carbon steel alloy representative of the SST liner and 
calculating the corrosion rates from the weight loss of the coupons.  The solution containing the 
coupons will be heated to the dissolution testing temperature and the coupon exposure will 
continue for two weeks.

At the completion of the exposure tests, the coupons will be removed from the solution and 
allowed to dry.  Images of the coupons will be taken to identify and record any corrosion attack.  
The coupons will then be cleaned, following ASTM G1-03, “Standard Practice for Preparing, 
Cleaning, and Evaluating Corrosion Test Specimens.”  A general corrosion rate will be 
calculated by measuring mass loss due to corrosion and using the following corrosion rate 
equation (Equation 8).

��������� ���� =
�×�

�×�×�
Equation 8

Where:
K = the conversion constant, 3.45 x 106, for a corrosion rate in mpy
W = the mass loss in grams
A = the surface area of the coupon
T = the exposure time in hours
ρ = the density of the coupon.

After cleaning, the coupons will be reimaged to identify and record any corrosion attack to the 
steel.
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6.6 EFFECT ON TSCR/DFLAW

The use of oxalic acid during retrieval activities is expected to have very little effect on the 
concentration of oxalate pushed forward to TSCR during DFLAW operations.

The solubility of sodium oxalate in multi-salt solutions is very low.  A review of BBI supernatant 
compositions (TWINS 2020b) indicates a maximum oxalate concentration of 0.02 M for 
concentrated DST supernatants (above 1.3 g/mL).  This is likely an indication of maximum 
solubility, since oxalate is a common anion in tank waste.

Assuming oxalate is added at a concentration of approximately 1 M and then concentrated at 
242-A, over 99% of the oxalate added is expected to precipitate out in the DSTs and not be sent 
to TSCR/DFLAW.

6.7 EFFECT ON VITRIFICATION

As mentioned in Section 6.6, the application of oxalic acid dissolution for AX/A retrievals is not 
likely to have any impact to TSCR or DFLAW vitrification.  The impact from this strategy will 
be felt during the vitrification of HLW.  The impact will be observed as increased levels of 
oxalate solids in those feeds.  These increased levels are not expected to challenge the Waste 
Treatment and Immobilization Plant (WTP) total organic carbon waste acceptance criteria limit 
of 10 wt% currently identified in 24590-WTP-ICD-MG-01-019, ICD 19 - Interface Control 
Document for Waste Feed.  Planned WTP operations include a Waste Feed Qualification 
program where HLW waste acceptance criteria and unit operations will be performed as 
documented in 24590-WTP-PL-PENG-14-0004, Waste Feed Qualification Program Plan.  
Unit operations testing includes HLW vitrification.  As part of this program total organic carbon 
will be measured on tank waste samples.  Any increases in oxalate will be observed as part of 
this analysis and subsequently accounted for in glass formulation during waste feed qualification.  
In-plant sampling and analysis of HLW feeds for total organic carbon will also be taken into 
account as part of routine HLW glass formulation operations.

6.8 EFFECT ON MISSION

The near-term mission effects, or activities up to and including the application of the third 
technology, include the following list, provided with no attempt to estimate schedule durations or 
costs.  The list is not complete, but is provided to give a sense of the scope of the effort:

 Laboratory testing to optimize acid usage for each SST retrieval, as required

 Equipment/infrastructure design/specification/procurement/testing, including 
chemicals

 Engineering analyses required (Documented Safety Analysis and Criticality Safety 
Evaluation Report amendments, industrial hygiene/industrial safety issues, 
environmental permitting, and others)
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 Support paperwork (transfer procedure, waste compatibility assessment, radiological 
control monitoring plan, process control plan)

 Field activities:  Chemical additions, water additions, sluicing, recirculation, and 
transfer

 Additional sampling/analysis to monitor the process

 Solids level measurements

 Perturbation of transfer/Evaporator planning, multi-year operating plan and space 
management

 Potential need for another DST receiver in order to complete AX retrievals.

In addition, there is the potential for a significant long-term effect on the mission as well, due 
largely to the accumulation of solids in the DSTs, and the potential for reduction of DST fill 
levels as identified in Section 6.2.  These issues will affect the volume available for supernatant 
storage, which is a key parameter in the flexibility needed to support the long-term Tank Farms 
mission.  Solids cleanout activities in the DSTs might need to be accelerated to support mission 
requirements.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

This document contains a discussion of AX and A tank history and estimated residual waste 
compositions.  The document describes chemical dissolution agents that could be applied as 
potential third technologies for completing AX and A Farm retrievals.  For most tanks, the 
chemical inventory and characterization estimates and preliminary modeling lead to the 
conclusion that acid dissolution of some type is much more likely to achieve significant 
dissolution of residual sludge solids.  Note that potential mechanical retrieval techniques are 
being addressed in a separate evaluation.

AX-102 is the first tank for which a decision on the third technology, or a request to forego, is 
necessary.  Additional information, such as sampling, analysis, and testing of residual waste, are 
needed before any decision is made on application of a third technology for AX-102.  If 
chemical dissolution technology is chosen, the IPT recommends implementation of chemical
dissolution using the Extended Reach Sluicing System.

This evaluation is intended to document the state of knowledge on chemical dissolution for the 
AX and A Farm tanks as well as provide guidance for laboratory dissolution testing of AX-102 
samples.  The IPT recommends that dissolution studies on samples taken from AX-102 be 
performed at the 222-S Lab using:

 Caustic
 Oxalic acid
 Oxalic/nitric acid blend
 Citric acid/ascorbic acid/ethylenediaminetetraacetic acid (EDTA) blend.

The document identifies a major issue with the application of oxalic acid for solids dissolution; 
that the resultant oxalate after neutralization to high pH for DST storage will form solids and 
adversely affect the DST mission.  The volume of oxalate solids that can accumulate in 
AX Retrieval receiver tank AZ-102 is likely to be limited, and oxalic acid dissolution is likely 
not possible in all AX tanks without identifying another receiver DST to receive acid transfers.  
Mixed acid, or non-oxalic acid options, if determined to be satisfactory based on laboratory 
testing, may be preferred if acid dissolution is performed.

Based on the results of these dissolution studies, the IPT will reconvene to assist in discussions 
between ORP and Ecology in further discussion of third retrieval technology options.

The document will be updated as necessary as new information becomes available.
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APPENDIX A –
INTEGRATED PROJECT TEAM MEMBERS

All team members are employees or subcontractors of the current Tank Operations Contractor 
(Washington River Protection Solutions, LLC.)

Member Organization

D. G. Baide Process and Integrity Engineering

P. A. Benson Waste Feed Delivery and Operations Planning

N. L. Brown Retrieval Process Engineering

J. M. Conner Production Operations Process Engineering

C. E. Hanson AY/AX Farm Retrieval Engineering

N. W. Kirch Production Operations Process Engineering

M. J. Lindberg Process Chemistry

J. M. Morales SST Retrievals Project Management

A. R. Olander Process and Integrity Engineering

J. S. Page Tank and Pipeline Integrity

D. B. Parkman AY/AX Farm Retrieval Engineering

K. M. Singleton Closure and Interim Measures

V. L. Wagner SST Retrievals Project Management

T. J. Wagnon Flowsheet Integration
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APPENDIX B –
PARAMETRIC WASTE COMPATIBILITY ASSESSMENT EVALUATION

The table below provides detail for the parametric analysis of waste compatibility conditions for 
AZ-102 with an assumed 30 inches of solids (sodium oxalate) plus the additional sludge solids 
from AX Farm.  The analysis included calculating the time-to-lower flammability limit to ensure 
that that parameter is met.  Then the analysis looks at the Waste Group; if the run is classified as 
Waste Group A then that is considered a ‘fail’ and the transfer would not be allowed per the 
Authorization Agreement with ORP (20-NSD-004).  The results of the parametric analysis 
indicate that if 30 inches of oxalate solids, along with the planned AX sludge, are transferred to 
AZ-102, then the fill capacity of AZ-102 would be limited to approximately 320 inches, a 
reduction from the normal fill level of 364 inches.  Results for two different liquid types were 
evaluated, but the results were similar.
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Description SpG
Solids 

(in)
Liquids 

(in)
Total 
(in) %A %B %C

FG 
Group 
AS IS

FG Group 
10,000 gal 

Water 
Add’n

FG Group 
500 gal 
caustic 
Add’n

Tank 
Days 

until 25% 
of LFL

Annulus 
Days 

until 25% 
of LFL

Annulus 
Days 

until 60% 
of LFL

Waste 
Type

AZ-102 with 30 
in oxalate salts –
SL-LIQ waste 
type (default for 
AZ2) 1.25 SpG 
& 1.40 SpG

1.25 77.4 286.6 364.0 24.01 20.6 55.39 A A A 3.9 2.7 7.5 SL-LIQ

1.25 77.4 252.6 330.0 6.65 5.72 87.63 A A A 5.1 3.6 10.1 SL-LIQ

1.25 77.4 242.6 320.0 4.07 3.36 92.57 B B B 5.4 3.9 10.9 SL-LIQ

1.40 77.4 286.6 364.0 19.75 5.5 74.75 A A A 4.1 2.9 8.0 SL-LIQ

1.40 77.4 252.6 330.0 5.05 2.1 92.85 A A B 5.4 3.9 10.8 SL-LIQ

1.40 77.4 242.6 320.0 2.67 1.44 95.89 C C C 5.8 4.2 11.7 SL-LIQ

AZ-102 with 30 
in oxalate salts –
MIX-LIQ waste 
type 1.25 SpG 
& 1.40 SpG

1.25 77.4 286.6 364.0 13.89 11.08 75.03 A A A 3.9 2.7 7.5 MIX-LIQ

1.25 77.4 252.6 330.0 5.95 4.54 89.51 A A A 5.1 3.6 10.1 MIX-LIQ

1.25 77.4 242.6 320.0 4.25 3.3 92.45 B B B 5.4 3.9 10.9 MIX-LIQ

1.40 77.4 286.6 364.0 10.13 1.26 88.61 A A A 4.1 2.9 8.0 MIX-LIQ

1.40 77.4 252.6 330.0 3.43 0.48 96.09 C C C 5.4 3.9 10.8 MIX-LIQ

1.40 77.4 242.6 320.0 2.45 0.3 97.25 C C C 5.8 4.2 11.7 MIX-LIQ

FG Group – flammable gas Waste Group
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