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1 INTRODUCTION AND BACKGROUND 

The U.S. Department of Energy (DOE), Office of River Protection (ORP) is responsible for 
management and completion of the River Protection Project (RPP) mission, which comprises 
both the Hanford Site tank farms and the Waste Treatment and Immobilization Plant (WTP). 
The RPP mission is to store, retrieve and treat Hanford's tank waste; store and dispose of treated 
wastes; and close the tank farm waste management areas and treatment facilities in a safe, 
environmentally compliant, cost-effective and energy-effective manner. 

The Hanford Federal Facility Agreement and Consent Order (HFFACO or Tri-Party Agreement 
[TPA]) requires DOE to complete the RPP tank waste treatment mission by September 30, 2047. 
A key aspect of implementing that mission is to construct and operate the WTP (ORP-11242, 
Rev. 5, River Protection Project System Plan). The WTP is a multi-facility plant that will 
separate and immobilize the tank waste for final disposition. The WTP Low-Activity Waste 
(LAW) Vitrification Facility is sized to treat about 40 to 50% of the approximately 60,000 to 
80,000 metric tons (MT) of tank farm sodium waste requiring treatment by 2047. 

The RPP work scope is currently performed by two primary contractors: Washington River 
Protection Solutions (WRPS), the Tank Operations Contractor (TOC); and Bechtel National, Inc. 
(BNI), the WTP Construction and Commissioning Contractor. Washington River Protection 
Solutions is responsible for the construction, operation and maintenance activities necessary to 
store, retrieve and transfer tank wastes; provide supplemental pretreatment for tank waste; and 
provide second LAW treatment, storage and/or disposal of immobilized product and secondary 
waste streams. Bechtel National, Inc. is responsible for the design, construction, and 
commissioning of a WTP Pretreatment Facility, two vitrification facilities (one for high-level 
waste [HLW] and one for LAW), a dedicated analytical and radiochemical laboratory and 
supporting facilities to convert radioactive tank wastes into glass for long-term storage or final 
disposal. 

The TOC will be responsible for WTP operations and decommissioning. The ORP defined the 
interface between the two major contractors in a series of interface documents. The primary 
waste interface document is 24590-WTP-ICD-MG-Ol-019, Rev. 4, lCD-19-lnterface Control 
Document (lCD) for Waste Feed. Iterative updates to 24590-WTP-ICD-M G-O 1-0 19 are 
anticipated as new information is generated. 

The current RPP baseline plan (ORP-11242, Rev 5) assumes deployment of a supplemental 
treatment capability, with net capacity calculated such that LAW treatment does not drive the 
mission duration (approximately 60% of the LAW tank waste). The addition ofa supplemental 
treatment capability, including pretreatment (if needed) and immobilization, results in a system 
where HLW treatment capacity is the exclusive driver for completion of the RPP mission. 
Without additional LAW treatment capacity, the mission would extend an additional 40 years 
beyond fiscal year (FY) 2047. 

1 
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Figure I-I depicts the Supplemental Treatment Project configured to be deployed in the tank 
[anTIs. 

Figure 1-1. Simplified Supplemental Treatment Flow Diagram 
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Supplemental treatment refers to the pretreatment of supernatant (liquid) wastes from the double
shell tanks (DSTs), including dissolved saltcake retrieved from SSTs to the DSTs. Supplemental 
treatment includes two basic unit operations. The first operation removes insoluble constituents 
including actinides and strontium 90 (90 Sr). The separated solids will then follow the HLW 
treatment pathway. The second operation removes soluble cesium (focused on 137CS) from the 
liquid wastes. Provided the degree ofrernoval of the actinides, 9O Sr, and 137CS is sufficient, the 
wastes can be solidified as immobilized LAW (ILAW). A Waste Incidental to Reprocessing 
(WIR) determ ination per DOE Manual 435.1-1, Radioactive Waste Management Manual, will be 
required to classify the wastes as LAW. 

The unit operations for tank farm LAW pretreatment are similar to those for LAW pretreatment 
in the WTP. In the WTP, however, wastes are fed back into the system rather than returned to 
the DSTs as they would be in the tank farm case. Supplemental treatment technologies currently 
under consideration include crossflow filtration, rotary rnicrofiltration, elutable spherical 
resorcinol fonnaldehyde ion exchange, and non-elutable crystalline silicotitanate ion exchange. 

The WRPS Immobilization Project (Project No. T 4S05) is responsible for identifying and 
implementing a process flowsheet that immobilizes the LAW fraction of Hanford's SST and 
DST waste. The product of the flowsheet, ILAW, will be one of three waste forms: 

• Borosilicate glass; 
• Mineral and binder; 
• Grout. 

The DOE plans to dispose of Hanford' s ILAW as a mixed low-level waste (MLLW) by land 
disposal. It is the DOE's responsibility to ensure a cost effective approach is implemented. 

Following pretreatment, where the SST and DST wastes are split into LAW and HLW fractions, 
technetium 99 (99Tc) will be the limiting component for long-term disposal performance for 
immobilized LAW. Reducing the "Tc loading of the LAW stream has a direct impact on the 
leachability index of the immobilization fsroduct and the potential to use technologies that have 
difficulty incorporating and/or retaining 9Tc. 

2 
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The goal of this 99Tc sorption media review is to present information and references to aid in the 
selection of a sorption media for feasibility studies for a 99Tc removal system. The review does 
not select a specific sorption media with the expectation that it will be implemented into a 99Tc 
removal system. All work performed to date regarding the capture of 99Tc has shown that only 
99Tc in the pertechnetate form, TC04· (where 99Tc is in the +7 (VII) valence state), can be 
captured via sorption. 

Feed to the hnmobilization Project facility(s) is planned to be split roughly equally between the 
WTP and an additional treatment facility, to be provided by the Treatment Proj ect (WRPS 
Project No. T4S0l). Immobilized LAW will be disposed at a near-surface disposal site, such as 
the Integrated Disposal Facility (IDF) at Hanford. Due to past waste handling practices, leaking 
SSTs and the mobility of 99Tc, 99Tc retention is a major factor in the selection of an ILAW form. 
All of the waste forms under investigation as ILA W forms benefit from 99Tc removal. 

Employment of a sorption media has been selected as the best technology for removal of 99Tc 
from the LAW immobilization feed stream. The goal of this review is to: 

• Define 99Tc ion exchange sorption media selection criteria required for implementation, 
including; 

• Characteristics; 

• Weighting for each characteristic; 

• Identify potential ion exchange media, separated into two categories; 

• Elutable; 

• Non-elutable; 

• Evaluate and rank sorption media using the defined characteristics and corresponding 
weighting. 

The results from this review will aid in the development of a preliminary 99Tc removal flowsheet 
to support the four immobilization technologies and a preferred waste disposal option. 

3 
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2 BASICS OF SORPTION MEDIA, TECHNETIUM, LOW-ACTIVITY WASTE, AND 
COLUMNS 

This section contains basic infonnation regarding the properties of sorption media and 
technetium. 

2.1 ION EXCHANGE / RESIN / SORBENT MEDIA / SORPTION MEDIA 

For the purpose of this report, all media will be referred to as sorption media, except in sections 
on specific sorption media. Tenns such as "resin" and "ion exchange" have specific meaning to 
the chemical processing industry. Resin implies organic media; ion exchange implies the release 
of one ion from the surface of the media in coordination with the capture of another. In many 
cases, the media incorporates ions by adsorption, where no exchange of ions takes place. 
Therefore to facilitate a level discussion, a universal term will be used to describe the materials 
tested throughout the text -- "sorption media." 

2.1.1 Sorption Media Size 

Most sorption media are available in different size ranges, typically determined by the screening 
of the material through an upper bound mesh and a lower bound mesh. Table 2-1 aids in 
understanding media diameter verses mesh range. 

Table 2-1. Reference Table for Conversion of Mesh Size to Inches or Micrometers 

Mesh Range 

20 - 50 

50 - 100 

100 - 200 

200 - 400 

minus 400 

Inches 

00331-00117 

0.0117-00059 

00059-00029 

o 0029-0 0015 

< 0.0015 

Diam eter of Particles 

Micrometers 

840-297 

297-149 

149-74 

74-38 

<38 

The size of the media used is important for two reasons: 1) the smaller the material, the greater 
the surface area available per unit volume; and 2) the smaller the media the higher the pressure 
drop through the column. Therefore size and pressure drop must be balanced. Unifonnity of the 
size also plays a role in pressure drop, with columns containing beads with less variation in 
diameter and shape having less pressure drop across the column. 

2.2 ELUTABLE AND NON-ELUTABLE SORPTION MEDIA 

The disposal path for the 99Tc will have a large influence in the sorption media chosen for use. 
The WTP planned to process 99Tc through its HLW melter, requiring an elutable sorption media. 
SuperLig® 639 was chosen. If the selected disposal path is a separate waste stream that will 

4 
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leave the 99Tc on the sorption media, a non-elutable resin will be required. There are many 
different scenarios for 99Tc disposal. The final review of sorption media will be divided between 
elutable and non-elutable material. 

2.3 BATCH DISTRIBUTION COEFFICIENT AND COLUMN DISTRIBUTION 
RATIO 

The batch distribution coefficient (Kd) is an equilibrium measure of the distribution of a chemical 
species between a solution and a solid sorbent material. The concentration of a sorbed species is 
difficult to define and determine. Therefore the coefficient is based on the solution being 
processed. The equation for Kd can be found in Table 3-2. 

The column-distribution value, A, represents the capacity of the sorption media in volumes of 
feed per volume of media. It is the ratio of the equilibrium concentration of targeted analyte 
Tc04· per unit volume on the sorption media to that in the equilibrated solution. For column 
load operations where kinetics are not limiting, A is approximately the number of bed volumes 
(BV s) processed when the concentration of Tc04· in the effluent of a sorption column reaches 
50% of the feed concentration (C/Co ~ 0.5); designated ASO. The equation for ASO can be found in 
Table 3-2. 

When comparing Kd and ASO values between research experiments, differences in experimental 
conditions are critical to note. Some of the factors that influence results are: 

• Concentration of the target species (analyte); 

• Resin to liquid ratio; 

• Valence state of target species; 

• Solution temperature; 

• Resin particle size (if it affects equivalents/liter); 

• Contact time (if not confirmed to be at equilibrium); 

• Speciation; 

• Concentration of competing ions; 

• Concentration ofligands and complexants; 

• Analytical techniques; 

• Batch variability of the sorption media; 

• pH. 

In addition to these causes, the ASO value may not coincide with 50% breakthrough during a 
column performance test for several reasons: 

• Column design; 

• Elution method; 

• Flow rate; 

• Sampling method; 

5 
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• Solution density; 

• Sorption media particle size. 

Unfortunately the result of the variation in Kd and 1050 values with process parameters is such that 
comparison of sorbent media between differing experiments is difficult. Column design and 
operation will need to be robust enough to handle the broad spectrum of Hanford's LAW feed 
batches. 

2.4 LOW -ACTIVITY WASTE FEED ENVELOPES 

The WTP contract divides LAW into three types of feed, or envelopes. Much of the testing 
performed on sorbent media refers to the material tested in terms of its feed envelope 
classification. A very brief description of each feed type follows. (A more in-depth description 
can be found in 24590-WTP-RPT-PT-02-005, Rev 5, Flowsheet Bases, Assumptions, and 
Requi rements.) 

• LAW Envelope A: Tank waste supernatant requiring solids/liquid separation and Cs 
removal to meet the LAW glass specification. 

• LAW Envelope B: Higher concentrations ofCs than envelope A or C. Also may contain 
higher levels of chlorine (Cl), chromium (Cr), iron (F), sulfate (S04), and phosphate 
(P04). 

• LAW Envelope C: Contains organically complexed 90Sr and transuranic (TRU) waste 
requiring removal to meet the LAW glass specification. (These have been found to 
coincidentally contain substantial amounts of soluble 99Tc that is not in the pertechnetate 
form.) 

A supplemental immobilization facility will not likely divide LAW feeds in these same 
categories. Wastes high in organics will likely have a more selective processing path, e.g., all of 
them may be processed through the WTP LAW Vitrification facility or blended to meet feed 
requirements as a means of mitigating the presence of organics and 99Tc IV. 

2.5 POTENTIAL AND PH EFFECT ON TECHNETIUM SPECIES 

The Eh-pH diagam presented in Figure 2-1 indicates the species of Tc encountered over a pH 
range of 0 to 13+ ,and over the electropotential range of -0.8 V to l.2 V, versus standard 
hydrogen electrode. Those Tc species that are solid are in bold and noted with (cr ~ crystalline). 

6 
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From previous electrochemical corrosion studies, the open circuit pctential of the Hanford SSTs 
and DSTs are in the cathodic range (from -229 to 400mV vs. SCE)! and they have a pH range 
between13 and 14+, According to Figure 2-1, the T c species that the supernate accorrunodate 
are soluble (red shaded area) and predominately TC04-, with some Tc(V)oxy-hydroxide 
(TCO(OH))J. Other oKidatioo slates of~ c h av e been reported in the ccrnple:-:ant coocentrate 
tanks, 24 1-AN- I02 and 24 1-AN-I 06, designated Envelq:>e C fa- WTP feed. It is beyond the 
scope of this study to elucidate the oxidative approach to destroy the complexant concentrate 
organics to drive noo-pertedmelate species to the pertechnelate slate. 

Figure 2-1. Technetium Species (Guillamnont, et aL, 20(3)2 

'"r,,--------------h 

" 

" 

I RPP-RPT ·38319, Rev O. /!JllCtTochemical COrrrut'" Te:;t,p, Tank UI-.l.P-l 05 S"""matc Using Grab Sample:; 
SAP-W-Ol, %AP-m"-Ol.l., S.l.P-OU)]A, and S.l.P-ffl-04A. October 2008, :mdRPP-RP T- 34697. Rev. O. 
electrochemical COrro' lOnRiJportp, Tanh U l-.l.W-I03, UI-.l.Z- 102, Ul-AN-l 06, U l-AN-I07, UI-A Y-IOI, a»i 
UI-A Y- I01I, August 2001. CH2M H ILL H:mfurd Group. Inc. . Richl:md, W:ci.tington 

1 Presented In At/.s ofEh -pH Diogr:mls. inl8"romp;rnoon of Th".,.,.,dyruimc Datab:oses. Geologu::ll Surwy of 
Japan Open File Rep ort No. 4 19. N:rtional lnstitute of Adv:mced Industrial Science :md r ochnology, Rese:m:h 
Cenle1" for Drep Geological ErNlronments. N . oto TAKENO. May. 2005. 
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3 IMMOBILIZATION SORPTION MEDIA EV AL VA TION CRITERA 

Technetium removal from treated LAW is expected to be a one-step ion exchange process. 
Treated LAW will be stored as it exits WTP Pretreatment and the Supplemental Treatment 
Project facilities, then fed through ion exchange columns and into an immobilization feed 
tank(s). 

Immobilization has assumed feed vector batches are based on the HTWOS run documented in 
SFV-2000, FeedVectorWTP Realignment AOjJBEL Gen-6.1-8.40-2010-0-07-at- 15-14-111.xlsx. 
The feed composition review, Table 3-1, was performed using SVF-2023, Immobilization System 
Hazard Category Source Term for Pre-Conceptual Candidate Technologies. The concentrations 
listed in Table 3-lare by batch. For example, feed batch 103 has the highest concentration of 
99Tc at l.2xlOA moles/liter. Table 3-1 also contains feed parameters as outlined in RPP-SPEC-
48094, Rev 0, Immobilization Project Facility System Specification. Only cations and anions of 
most concern are listed in Table 3-l. 

Table 3-1. Feed Composition Properties 

COMPOSITION (SVF-2023, by feed batch) 

ANALYTES MAXIMUM MINIl'vIDM 

99Tc g-moles/liter l.20E-04 4.36E-06 

At3 g-moles/liter IA7E+OO 3.98E-02 

K+ g-moles/liter 7.7SE-OI 360E-03 

Na+ g-moles/liter 9AOE+00 9.S8E-OI 

NO,· g-moles/liter l.88E+OO IA2E-OI 

NO; g-moles/liter 403E+OO 4.90E-OI 

OR" g-moles/liter 902E+00 1. 77E-O 1 

PO,3 g-moles/liter 3.62E-OI 1 AOE-02 

SO,' g-moles/liter 3.68E-OI l.39E-02 

GENERAL PROPERTIES (RPP-SPEC-48094) 

Instantaneous Throughput * 
Nominal Throughput * 
pH 

Solids (wt %) 

Specific Gravity 

Viscosity (cP) 

* Throughput is on a sodium (Na) basis. 
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MEDIAN 

2.33E-OS 

2.SIE-OI 

2.22E-02 

3.98E+00 

S.8SE-OI 

1. 67E+00 

9.77E-OI 

6.76E-02 

6A6E-02 

422 KgNa/hr 

2600 MT N a/yr 

>12 

O-O.S 

1 - IA6 

1 - 20 

AVERAGE 

38SE-OS 

3.7lE-OI 

S.9SE-02 

S.S3E+00 

8.66E-OI 

2.32E+00 

IA3E+00 

1.04E-OI 

9.90E-02 



RPP-RPT-SOl22 

Criteria for sorption media selection for use in the immobilization facility will need to account 
for four major categories: 1) technical performance, 2) cost, 3) schedule, and 4) safety and 
environmental impact. The criteria outlined in this section capture what is known about the 
sorption media selected for further review. Most of the information concerns technical 
development of each media, and can be used to evaluate the feasibility of implementing sorption 
media for 99Tc removal. 

Criteria impacting cost and schedule that DOE must consider, such as the ability to source the 
material and establish an intellectual property agreement to ensure that manufacture of the 
sorption media is possible at more than one facility, are not covered in this review since adequate 
information is not available and vendor reviews are not applicable to technical feasibility. Table 
3-2 and Table 3-3 show parameters important to selection of sorption media and Hanford LAW 
feed characteristics critical for ensuring testing performed by a reference is applicable to the 
Immobilization Project. Criteria listed in Table 3-3 can be used to quickly evaluate the 
applicability of solutions used to test sorption media against Hanford's LAW. 

Table 3-2. Criteria for Evaluation of Sorbent Media 

CHARACTERISTIC 

Ability to supply amounts of:> 
20001bs 

BV per Hour Operation 

Sorption media Cost per Pound 
(or f1') 

Cost per Ci 99Ic Removed 

Elutable (loading cycles) 

EquivalentslL 

Storage, Shelf Life, & Handling 
Specifications 

DESCRIPTION 

Ihe DOE must have the ability to procure sorption media for a long period of 
time. Io ensure this the ability to have an intellectual property (IP) agreement 
with the vendor will be required or the equivalent material must be commercially 
available via multiple suppliers. 

Implementation requirement that will be needed to size the ion exchange 
column(~). 

The cost of sorption media consumed is an important factor for sorption media 
selection. Elutable sorption media will be able to factor in the num ber of cycles 
the sorption media may be regenerated to offset procurement costs. 

The total system cost; implementation costs for all aspects of 99Tc removal need 
to be considers. 

Depending on the 99I c disposal route chosen, whether the sorption media is 
elutable or non-elutable may be the most critical property of the sorption media. 

• Non-elutable sorption media need to tightly bind 99I c and not release it 
except under extreme conditions or long contact times. 

• Elutable sorption media need to employ an eluent that is safe to implement 
and produce a 99T c solution that is easily processed further into an 
immobilized waste form. Ihe number of loading cycles (times the sorption 
media can be recharged) will also be a critical implementation factor. 

The number of active reactant sites available for TC04- capture will influence the 
size of the column required. 

Iypically sorption media have a long storage and shelf life. Some sorption 
media require storage at low temperature and corrosive solutions. 

Ihe physical stability of sorption media is affected by the method of product 
handling. Deep sorption media beds, small diameter beds, high flow rates and 
agitation/frequent pumping contribute to sorption media degradation and 
breakage. 

Kd ~ ((I i - I f) / I f) x (V / (Mx F)) 
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CHARACTERISTIC 

\'0 

Organic 

Particle Size 

pH operating range 

Poisons 

Preparation Procedure 

Radiological Stability and/or 
Gas Generation 

Sorption media Density (weight 
per unit volume) 

Sorption media Disposal Route 

"Where: 

RPP-RPT-SOl22 

DESCRIPTION 

Kd ~ Equilibrium distribution coefficient, ml solutionlg sorption media 

Ii,f ~ Measured initial and final [Ic 1 in the solution (gmolll) 

V ~ Volume of solution in test (ml) 

M ~ Mass of sorption media tested (wet basis) (g) 

F = Correction factor to convert sorption media mass to dry basis 

Ihe equilibrium distribution coefficient (Kd) is a measure of the concentration of 
the 99T c in the so~tion media that is in equilibrium with a particular 
concentration of T c in solution after exposure for an extended period of time 
(equilibrium is reached). Ihe Kd can be used to indicate the expected volume of 
feed that can be treated by a column during a loading cycle. 

Kd is determined by experimentation and depends on many factors: solution 
temperature, pH, ionic strength of the solution, etc. Iherefore, the Kd for LAW 
feed batches will vary. A sorption media with a high Kd is desired. Many of the 
sorption media reviewed do not have Kd' s determined for them or testing 
parameters are not the same. 

The column distribution ratio is the batch distribution coefficient converted from 
mass to volume. Ihe value obtained is roughly the number ofBV that can be 
passed through the column prior to 50% breakthrough of the targeted analyte. 

\'O(To) ~ (Kd)(Ph) 
~O(Tc) = the column distribution ratio for 99Tc, volume feed per volume 
sorption media (ml solution I ml sorption media) 

Kd~ Equilibrium distribution coefficient, ml/g sorption media 

Ph ~ the bulk density of the sorption media (g/ml) in the solution (or 
~the bulk dry density adjusted for swelling) 

Sorption media parameter that is not important for implementation in the ion 
exchange column, but could be critical depending on the disposal path chosen for 
the 99Ic. 

Sorption media perfonnance parameter. Solute adsorption kinetics or speed 
generally increase as particle size decreases, however pressure drop through the 
ion exchange column increase as particle size decreases. 

LAW will be fed at high pH (2' 12). 

Anions, cations, molecules, and elements that occupy or prevent the occupation 
of sorption media active sites from being occupied by TC04-. 

Method used process the sorption media from a stored stated to active state. 

Effects of radiation on the sorption media; often results in the evolution of gas, 
typically H2, which poses a safety hazard. Since 99Ic removal will be performed 
following filtering (removal of most 9OSr) and Cs ion exchange, this 
characteristic should not be a detennining factor for sorption media selection. 

Ion exchange column configuration and design will be influenced on the 
buoyancy of the sorption media in the feed solution. 

Will be dependent on the 99I c disposal route chosen. If an elutable sorption 
media is selected then most likely the sorption media will be disposed of as a 
Class A type waste. If a non-elutable sorption media is chosen then the method 
of immobilization will dictate the sorption media disposal path. 

10 



CHARACTERISTIC 

Selectivity to 99T c 

Stability of Spent Sorption 
media 

T c Disposal Route 

T ernperature operating range 

Technology Readiness Level 
(TRL) 

RPP-RPT-SOl22 

DESCRIPTION 

Affinity of the sorption media to pull 99T c out of the feed solution. It will vary 
based on feed ionic strength, poisons, feed temperature, and flow rate of the feed 
through the sorption media. 

The ability of the sorption media to not break down and strongly bind the T c to 
its matrix is most important for a non-elutable. 

The selected sorption media will need to support the selected 99T c disposal path, 
examples are: 

• Incorporation into HL W glass via vitrification -7 elutable or non-elutable 
sorption media could be chosen. 

• Disposed of in a grout matrix -7 non-elutable sorption media required. 

The LAW feed may need to be feed to the ion exchange media at elevated 
temperatures to minimize precipitation. Implementation of sorption media that 
enables a robust operating range is desirable. 

Many sorption media will remove TC04- from solution. For this review, those 
having proved their ability to perform well for Hanford SST and DST wastes will 
be assumed to require less process development. 

Table 3-3. Ion Exchange Feed Solution Applicability Criteria" 

PARAMETER 

T est Material 

Salt Content 

pH 

Target Analyte 

Target Analyte Concentration 

DOE tank waste or simulant (not necessarily Hanford 
tank waste) 

2' 3molar Na 

2' 12 

99Tc(VII) or Re(VII) (Rhenium) used 

4.36E-07 < [99Tc] or [Re] <1.20E-03 

Note: aTesting on sirnulants or wastes outside the criteria listed here is too far from the waste feed matrix from 
Hanford SST and DST waste to be considered as relevant. 

Many of these criteria are not part of typical vendor specification sheets. Deploying ion 
exchange media for industrial applications requires testing to understand interactions between 
feed and sorption media, acquire meaningful decontamination factor (DF) values and understand 
poisons, gas generation, selectivity, eluent efficiency and loading. A much more inclusive set of 
infonnation is required for final sorption media selection; see Table 3-4. However a total system 
review is not part of this report. 

Factors most influential for economics for the system are cost of the sorption media, volume of 
treated waste before media disposal, cost for disposal of the sorption media and the 99Tc, costs 
for disposition of storage/preparation/eluent chemicals and research required to achieve the 
required TRL level for conceptual design. 

11 
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The implemented system also must provide a safe work environment that minimizes safety risks 
due to mechanical, chemical and radiological exposure, and minimize impacts to the 
environment. hnportant sorption media parameters affecting safety and environment are storage, 
handling, preparation and regeneration (eluent) chemicals. Gas generation from radiolysis should 
be minimal due to the removal of 90Sr and 137 Cs from the feed stream. Co-absorption of other 
analytes (e.g. Chromium or actinides) could also impact the selection of a disposal path. 

Key technical parameters examined for this report are those critical for ensuring a 99Tc removal 
system using ion exchange is technically feasible. Most critical features for the sorption media 
will ensure 99Tc removal targets can be met on Hanford SST and DST wastes. Vendor 
experience with feeds similar to tank waste is minimal, and testing sorption media with simulants 
can result in under- or over-estimating a sorption media's ability to perform in a complex, 
concentrated high pH feed. Therefore results from tests performed with tank waste weigh 
heavily on estimating the technical maturity of a given sorption media. 

Table 3-4. Sorption Media Characteristics Required for a more In-Depth Evaluation 

CRlTERlA FOR A CRlTICAL REVIEW OF SORPTION MEDIA 

ECONOMICS SAFEIYIENVIRONMENIAL IECHNICAL 

• Cost per Ci 99Ic Removed • Eluant • BVper Hour 
(for the system) • Gas Generation • Kd [99Ic] (Ic99 removal 

• Sorption media Cost • Handling Specifications efficiency) 

• Ability to Source Sorption • Preparation Procedure 
media 

Radiolysis • 
• Sorption media Disposal 

Co-adsorbed analyles • Route 

• Iype of sorption media (organic 
vs. inorganic) 

• Loading Cycles 

• I emperature Operating Range 

• Stability of Spent Sorption • Poisons 
media 

• Storage, Shelf Life 

• Structure and Composition 
not a Trade Secret 

• I c Disposal Route 

• Preparation Procedure 

• Radiolysis 

• Sorption media Disposal Route 

• Selectivity to 99I c 

• 99I c Disposal Route 

• pH Range 

• 99Ic Loading (moles 99Ic per 
unit volume of sorption media) 

• I eclinical Maturity 

12 
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3.1 ION EXHANGE / SORBENT MEDIA 

Table 3-5 lists media that have been identified as possible 99Tc removal candidates from past 
reports or a current literature search. The list does not include all potential sorption media, but 
lists those having potential to meet the Immobilization Project's requirements. An initial 
screening of media was performed to narrow the list of sorption media to those having the 
highest likelihood of success. Sorption media were screened on their ability to perform in a 
solution as characterized in Table 3-1. Those that have been successfully tested for removal of 
99Tc from Hanford's waste were carried forward as recommended by subject matter experts 
(SMEs). Review results from a 2002 WTP review were also considered3 The WTP review 
based sorption media recommendations on the ability of the media to meeting four criteria: 

1. The resin(s) must be chemically and structurally stable over their expected 
operational lifetime when in contact with the waste feed envelope definitions. 

2. The defined structure and composition of the selected resin(s) shall not be a trade 
secret. 

3. The selected resin(s) shall have been manufactured by a supplier of demonstrated 
ability (greater than 1 percent of expected annual need but not less than 75 gal). 

4. The selected resin(s) shall have been demonstrated on simulated or actual alkaline 
(greater than 1.0M hydroxide), high ionic strength wastes. 

The WTP review led to the down-select of three resins - ABEC, Dowex lx8, and Reillex HPQ
in addition to the baseline WTP resin for TC04' removal- SuperLig®639. All of these resins 
have been tested with Hanford tank waste. 

Table 3-5. Ion Exchange / Sorbent Media Initial Screening Results 

ION EXCHANGE / 
SORBENT MEDIA 

ABEC2000 

ABEC5000 

Activated Carbon 

Aliquat 
(tricapry Imethy lamm onium 

chloride) 

Am berlite IRA-400 

DISPOSITION 

Selected for Review 

Not Selected for Review 

(vendor recommendation) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(SEM) 

ION EXCHANGE / 
SORBENT MEDIA 

IONSIV JE-910 

Iron Sulfide 

KurionTAM 

(Sn++ Apatite Sorption 
media) 

LANL - T i 021 carbon 
beads 

Prolite A-S20E 

DISPOSITION 

Not Selected for Review 

(SME) 

Not Selected for Review 

(WTP screening) 

Selected for Review 

Not Selected for Review 

(WTP screening) 

Selected for Review 

3 24590-PTF -RPT -RT -02-001, Rev 0, WTP PTF Alternative Resin Selection, Bechtel National, Inc., Richland, 
Washington, 2002. 
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ION EXCHANGE / 
SORBENT MEDIA 

Am berlite lRA-904 

Amberlite XE-238 

Azaphosphane-based 
media 

Bio-Rad AG l-x8 

Bio-Rad MSZ-l 

BiQuat RO-02-119 

BiQuat VP-02-217 

Boehmite, synthetic 
aluminum oxyhydroxide 

gel 

Cross-linked Polyvinyl 
Pyridine 

Crypt-DER 

DowexlX8 

Dowex2X8 

Duolite CS-IOO 

Forager Sponge 

RPP-RPT-SOI22 

DISPOSITION 

Not Selected for Review 

(SME) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(SME) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Selected for Review 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(SME) 

Not Selected for Review 

(WTP screening) 
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ION EXCHANGE / 
SORBENT MEDIA 

Prolite A-530E 

Prolite A-532E 

Reillex 402 

Reillex HP 

Reillex - HPQ 

Sr-SPEC 

SuperLig 639 

Sybronlonac Sr-3 

Sybron Ionac SR-6 

Sybron Ionic SR-7 

TEVA 

TRU-SPEC 

Zero-valence Iron 
filingsibeads 

DISPOSITION 

Selected for Review 

Not Selected for Review 

(SME) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Selected for Review 

Not Selected for Review 

(WTP screening) 

Selected for Review 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(SME) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 

Not Selected for Review 

(WTP screening) 
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3.2 SORPTION MEDIA INFORMATION 

The following tables contain infonnation on sorption media selected as candidates for the 
feasibility study. Several of the characteristics listed in Table 3-6 are unknown and therefore not 
listed in the sorption media property tables. For example, 99Tc disposal routes can have many 
different paths and costs. Characteristics not carried forward to the sorption media properties 
review are: 

• Cost of the system per Ci 99Tc removed; 
• Trade status of structure and composition. 

Many of the characteristics were binned in more than one of the three categories (economic, 
safety and technical). For the properties table, these characteristics have been placed in the bin 
most impacted. 
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SORPTION 
MEDIA 

PROPERTY 

Economics 
Ability to supply 
amounts of~ 2000 
Ibs 

BV per Hour 
Operation 

Cost per Pound 
(or ft') 

Loading Cycles 

Storage, Shelf Life 

Eluant 

Handling 
Specifications 

Preparation 

ABEC-2000® 

Will require scale up 
development but is a 
technological possibility. (G) 

Estimate 45 - 60 BVIhr (G) 

-30 - 60 $/lbm @0.8 glml 
(-200 - 400 $/gallon) (G) 

Estimate 20 loading cycles for 
the resin but actual results will 
depending on the effects of 
radiolytic damage to the resin. 
(G) 
Anticipate greater than 2 years of 
shelf life under environmentally 
controlled conditions. 

Water, dilute saline or dilute acid 
(G) 

Resin will shrink and swell up to 
30% depending on ionic strength 
of solutions passed through the 
resin bed. (G) 

ABEC® resin should be 
with a basic 

RPP-RPT-SOl22 

Table 3-6. Sorption Media Properties 

PUROLITE 
DOWEX® l-X8 

Between 160 to 186 $/lbm 
(Q) and WRPS estimator 

I) 4MHN03 15BV;-
0% resiual Ie on resin 
(A) 

2) I MNaOH, I M 
ethylene diamine, 0.005 M 

A520E 

Yes (I) 

Depends on 
concentration of 
competing anions (I) 

Single use disposable 
resin (I) 

5 years (I) 

Sn(lI) - IS BV; -0% Non-elutable (I) 
residual 99Ic on resin (A) 

3) 1M NaOH, O.IM 
ethylene diamine, O.OIM 
Sn(lI) -15BV; 25% 
residual 99I c on resin (A) 

A530E 

Yes (I) 

Depends on concentration 
of competing anions (I) 

-$5.701 Ibm @0.67 giml 
( -$238/ft3) 

Single use disposable 
resin (I) 

5 years (I) 

Non-elutable (I) 
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TAM - SnII Apatite 
Microspheres 

(Kurion, Inc.) 

Yes (I) 

Depends on application (I) 

Io be specified. (I) 

Single use disposable resin (I) 

Indefinite (I) 

Non-elutable (I) 

No special specs (I) 

REILLEXHPQ 

Yes (U) 

-$68/lb @ .88 glml 
(150$lKg) (U) 

8MHN03 (A) 

6 BV of I M NaOH, I Methylene 
diamine, 0.005 M SnCl2 (A) (N) 

SUPERLIG 639 

Yes (B) 

99% 99Ic removal for 20% of AjQ at 3 
BVIhr in AP-101 (W) 

99% 99Ic removal for 43% of AjQ at 3 
BVIhr in AZ-101 (Y) 

99% 99Ic removal for 40% of A50 at 3 
BVIhr in AW-101 (D) 
Vendor states that cost per Ib is 
dependent on volume and commercial 
terms (V) 

Up to 200, depending on radiation 
exposure, but 0> 50 loading cycles 
expected for LAW feed (V) 

5-10 years, ambient air, dry or wet (V) 

Water, optimal at 70c C (B) 

No special requirements - resin is 
handled similarly to standard IX resin (B) 

Hydrate in water for 30 minutes 



SORPTION 
MEDIA 

PROPERTY 

Radiological 
Stabilityandlor 
Gas Generation 

ABEC-2000® 

Ihere is potential for CO2 

evolution from radiolysis of the 
resin (G) 

Small Kd reduction at 130M 
Rads Irradiation (A) 

Process Technical Parameters 

Equivalents/L 

K.. ["Tel 

Particle Size 

0.8eq/L(G) 

Depends on concentrations of 
other analytes, but improves with 
higher concentration of anions 
(G) 

141-160 mllg and 1.,. 
breakthrough as 40-60B V at 
IOBVIhr (A) 

410 mllg SY-101 waste (P) 

Yes (G) 

30-60 mesh (-250-600 micron) 
(G) 

6 to 14+ (G) 
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Table 3-6. Sorption Media Properties 

PUROLITE 
DOWEX® l-X8 

16% Kd reduction at 100M 
Rads Irradiation (A) 

1.2 eq/L (Cr, by weOed 
volume) (F) 

-12.3 mg 99Tc per em' 

1850 ml solutionig resin 

(H) 

A520E 

0.9 eq/L min.(T) 

From simulated SY-102 
waste spiked with 991 c 
(1) 
• 30 min ~ 371 mllg 
• 2 hour ~ 585 mllg 
• 6 hour ~ 620 mllg 

From simulated DSSF 
waste spiked with 99Tc 
(K) 
• 30 min ~ 189 mllg 
• 2 hour ~ 392 mllg 
• 6 hour ~ 527 mllg 

From simulated NCAW 
waste spiked with 99Ic 
(L) 
• 30 min ~ 329 mllg 
• 2 hour ~ 660 mllg 
• 6 hour ~ 782 mllg 

Yes Styrene-DB, Gel (F) Yes (T) 

20-50 mesh 

(-300-850 micron) (Q) 

OtoI4(Q) 

16-50 mesh(-300-
1200 micron) (T) 

Oto 14(1) 

A530E 

0.6 eq/L min. (T) 

49,879 mllg for ETF 
waste matrix (0) 

Yes (T) 

16-50 mesh 

(-300-1200micron 
diameter) (T) 

Stable 0 to 14 (C) 
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TAM - SnII Apatite 
Microspheres 

(Kurion, Inc.) 

Extreme rad stability. No 
know gas generation. (I) 

- 2.25-2.50 eq/L (1) 

pH 8.6 WTP Recycle 
Surrogate 6.19E+OI (I) 

pH 13.2 At tank AN-I04 
Surrogate 6.94E+02 (I) 

No (I) 

20-50 mesh 

(-300-850 micron) (I) 

6.5 tol4 for acidic 

REILLEXHPQ 

Good Radiolytic Stability observed at 
1,000MRads (A) 

4 eqlkg dry (D) 

Removal ~ 93%, Removal from a 
composite of double shell slurry feed (M) 
DF ~ 1100 99Ic_m tracer in AW-101 
waste (N) 

DF ~ 6 AW-IOI waste (N) 

917 ml solutionig resin, Simulated ORNL 
newly generated liquid low-level waste 
solution I A, (H) 

Simulated SY -102 waste spiked with 99Ic 
(1) 
• 30 min ~ 314 mllg 
• 2 hour ~ 372 mllg 
• 6 hour ~ 370 mllg 

From simulated DSSF waste spiked with 
99Tc (K) 
• 30 min ~ 254 mllg 
• 2 hour ~ 293 mllg 
• 6 hour ~ 332 mllg 

From simulated NCAW waste spiked 
with 99T c (L) 

• 30 min ~ 382 mllg 
• 2 hour ~ 459 mllg 

81 % of beads were 260 - 450)lm (N) 

The vendor that there is a week 

SUPERLIG 639 

Organic resin so does have potential for 
gas generation, but providing Cs is 
removed prior to 99Tc removal, it will not 
suffer any significant radiolytic 
degradation resulting in gas generation 
(lxlO8 Rad) (R) 

99-99,9% removal of 99TcVII for Hanford 
SST and DST waste envelope A, B, and 
C (note that 99Tc in envelope A waste is 
-97% 99TcIlV and -30% in envelope C 
waste) (B) 

DF factor is --400 for 99Ic VII 

F factor ~ 0.9931 (X) 

Note: Many more K. values are listed for 
SuperLig 639 in section 3.2.7. 

25- 35 mesh 

(-500 - 700 micron) 

26% 600 to 1000 )lm; 60% 425 to 600 
11% 300 to 425 

No limit in neutral or basic 



ABEC-2000® DOWEX® l-X8 

to alkaline solutions (A) 

Reducing agents capable of 
reducing 99Tc(VI1) will reduce 

Poisons the 99T c(IV) which will not be 
retained by the resin (G) 

o 705g1ml (44 Ibm/ftA 3) at 
-39-45% water 

p ~ OAlglml dry density 
(F) 

Resin Density Packed bed yield volume 
0.8 g1mL in H20 and 1.1 g1mL in (weight per unit 
6MKOH(G) 

7.5ml, dry resin used 
volume) 2.84g 

PI> ~ 0.38g resin/ml resin 
in solution (H) 

Floats in 5. 6M NaOH 
(1 .27 gIL) (A) 

Selectivity to ''T c 
The resin has good selectivity for 
99T c(VII) but will co-extract r 
and Re(VTI) (G) 

Temperature 
10°C - 50°C(G) 66'C Maximum (Q) 

operating range 

A,o breakthrough as 40-60 B V at 703 ml solution/ml resin 
/..so IOBVIhr for Hanford waste in column (H) 
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Table 3-6. Sorption Media Properties 

PUROLITE 

A520E A530E 

Competing anions are Competing anions SO" 
SO" CI, HCo" NO" CI, HCo" NO" and U 
andU (T) (T) 

0.675-0.705 g1ml 0.670 glml 

PI> ~ 0351 glml (J) (0.335 g1ml dry) 

5 -60°C(T) 5 -60°C (T) 

).,0 ~ 130 ml 
solution/ml sorbent 
media for SY-102 
simulant, 30m in contact 1.6E04 ml solution/ml 

time (J) resin (for ETF waste 

).,0 ~ 205 ml 
matrix; dilute compared 
to expected LAW feed) 

solution/ml sorbent (0) 
media for SY-102 
simulant, 2hr contact 
time 
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TAM - SnII Apatite 
Microspheres 

(Kurion, Inc.) 

Neither salts nor chelants seem 
to have an affect (1) 

- 1.37 g1ml (dry) (1) 

Extremely specific at high salt 
molarity and high pH (I) 

Made from glass microspheres 
at high temperatures. So none 
known. (I) 

9.5E02 ml solution/ml dry 
resin for AN-104 surrogate 

REILLEXHPQ SUPERLIG 639 

solutions. They recommend pH < 7. concentration solutions (V) 
They do not know of negative effects 
from the weak bond reacting in high pH 
solutions. (U) 

Good chemical resistance to alkaline 

None known or found in testing with 
Hanford tank waste. Feed must be 
clarified prior to delivery IX column, 
otherwise as solids block access of TcO, 

sites (V) 

0.88 g1ml at -50% water 

(25.2 KglftA 3) 
1.147 g1ml wet (B) 

p ~ 0.585 g1ml dry (N) 
OA78 g1ml bulk dry (B) 

p ~ 0.538 g1ml wet (N) 
1.07 grams of dry solids divided by the 

PI> ~ 0.352 g1ml (J) 

Likely floats in Feed Solution (A) 
volume of wet resin particles (X) 

Virtually infinite selectivity over OR", cr 
, F", & Br'. NO,' is the primary 
competitor (V) 

5 - 40'C 

LAW feed not to exceed 77°F (25°C) (B) 

T arik 44 F sample (reported as similar to 
A,o~ III BVWrc-m tracer in AW-101 Hanford envelop A) resulted in 
waste (J) approximately 89A% Te removal (""Tc 

A,o ~ 131 BV AW-101 waste (N) Kd ~ 950 I mLlg), 

A,o ~ 88 ml solution/ml sorbent media A,o-500BVinAP-101 (W) 
for SY -102 simulant, 30m in contact time 
(J) 

A,o - 360BV inAZ-101 (Y) 

).,0 ~ 213 BV in AW-101 (D) 



SORPTION 
MEDIA 

PROPERTY 
ABEC-2000® DOWEX® l-X8 

REFERENCES (questionnaires are located in Appendix B) 

A520E 

RPP-RPT-SOl22 

Table 3-6. Sorption Media Properties 

PUROLITE 

A530E 

TAM - SnII Apatite 
Microspheres 

(Kurion, Inc.) 

A 24590-PTF-RPT-RT-02-001, Rev 0, WTP PTF Alternative Resin Selection, Bechtel National, Inc, Richland, WA 
B. 24590-WTP-RPT-PT-02-005, Rev I, FlowsheetBases, Assumptions, andRequirements, Bechtel National, Inc., Richland, Washington, 2002. 
C. Baker CorpTM product brochure (http://www.bakercorp.comlpdfs/A-530E.pdf). 

REILLEXHPQ 

D. BNFL-RPT-016 Rev 0., Small Column Testing ofSuperLig@ 639 for Removing 99Tc From Hanford Tank Waste Envelope A (Tank 241-AW-101), Battelle, Pacific Northwest Division, Richland, Washington, 2000. 

E. DE-AC21-97MC33137--43, Separation, Concentration, and Immobilization of Technetium and Iodine from Alkaline Supernate Waste, Eichrom Industries, Inc, Darien, Illinois, 1998. 
F. DOW® Vendor Information (http://www.dowwaterandprocess.com/productslixldx_lx8.htm) 
G. Eichrom Technologies LLC questionnaire. 
H. K/TCD-1141, Simulated ORNL newly generated liquid low-level waste solution lA, pH 13, 
I. Kurion, Inc. questionnaire (Kurion homepage: http://www.kurion.com) 

SUPERLIG 639 

J LA-12654 Rev., Distributions of 14 Elements on 63 Selected Absorbers from Three Simulant Solutions (Acid-Dissolved Sludge, Acidified Suprnate, and Alkaline Supernate) for Hanford HLW Tank J02-SY, Los Alamos National Laboratory, Los 
Alamos, New Mexico, 1994. 

K. LA-12863, Distributions of 15 Elements on 58 Absorbersfrom Simulated Hanford Double-shell Slurry Feed (DSSF), Los Alamos National Laboratory, Los Alamos, New Mexico, 1994. 
L. LA-12889, Distributions of 12 Elements on 64 Absorbers from Simulated Hanford Neutralized Current Acid Waste (NCWA), Los Alamos National Laboratory, Los Alamos, New Mexico, 1994. 
M. PNNL-I1386, Technetium in Alkaline, High-Salt, Radioactive Tank Waste Supernate: Preliminary Characterization andRemoval, D. L. Blanchard, Jr, et AI., Pacific Northwest National Laboratory, Richland, Washington, January 1997. 
N PNNL-11398, Technetium Removal Column Flow Testing with Alkaline, High Salt, Radioactive Tank Waste, D. L. Blanchard, Jr, et AI., Pacific Northwest National Laboratory, Richland, Washington, November 1997. 
O. RPP-RPT-23 199, Rev 0, The Removal of Technetium-99 from the Effluent Treatment Facility Basin 44 Waste Using Purolile A-530E, Reillex HPQ, and SybronIONAC SR-7 Ion Exchange Resins, J B. Duncan, 2004. 
P. RR196, New Technologies for Metal Ion Separations: Aqueous Biphasic Extraction Chromatography (ABEC). Part 1. Uptake of Pertechnetate, Department of Chemistry, Northern Illinois University, DeKalb, Illinois, Argon National 

Laboratory, Argon, Illinois, 1996. 
Q. Sigma-Aldrich (Fluka) (http://www.sigmaaldrich.comlcataloglProductDetail.do ?lang~en&N4~44324IFL UKA&N5~SEARCH _CONCA T ]NOIBRAND _ KE Y &F ~SPEC) 
R SRTC-BNFL-013 Rev 0, Evaluation of the Radiation Stability ofSuperLig® 639, Westinghouse Savannah River Company, Aiken, South Carolina, 1997. 
S. TAM Sn(lI) Apatite Microspheres 
T. The Purolite Company questionnaire (purolite® homepage: http://www.purolite.com). 
U Vertellus® questionnaire (Vertellus® homepage: http ://www.vertellus.com) 
V. IBC® Advanced Technologies questionnaire. 
W. WTP-RPT-030, Rev 0, Small Column Testing of SuperLig® 639 for Removing "Tc from Hanford Tank Waste Envelope A (Tank 241-AP-IOI), Battelle, Pacific Northwest Division, Richland, Washington, 2002. 
X WTP-RPT-031, Rev I, Small Column Testing of SuperLig 639 for Removing "Tc from Hanford Tank Waste 241-AN-102 Supernate (Envelope C) Mixed with Tank 241-C-I04 Solids (Envelope D) Wash and Permeate Solutions, Battelle, 

Pacific Northwest Division, Richland, Washington, 2004. 
y. WTP-RPT-058, Rev I, Small Column Testing of SuperLig® 639 for Removing "Tc from Hanford Tank Waste Envelope B (Tank 241-AZ-IOI), Battelle - Pacific Northwest Division, Richland, Washington, 2004. 
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3.2.1 ABECTM 2000 (Eichrom) 

Aqueous Biphasic Extraction Chromatography (ABECyMl resins have been demonstrated to 
selectively extract pertechnetate anions from alkaline radioactive waste. ABEC resins consist of 
monomethylated polyethylene glycol (PEG) bonded onto cross-linked chloromethylated 
polystyrene-l %-divinyl-benzene backbone. The 2000 designation refers to the molecular weight 
of the PEG attached to the polystyrene support. 

The resin behaves like an aqueous biphasic system (ABS), retaining chaotropic ions (such as 
Tc04-, which interfere with stabilizing intramolecular interactions mediated by non-covalent 
forces such as hydrogen bonds, van der Waals forces, and hydrophobic effects) in the presence 
of high ionic strength solutions of water-structuring anions (such as SO/-, CO/, OH} Resin 
uptake of Tc04- increases as the concentration of water structuring salt increases. The highest 
Kd value for ABEC-2000 with Hanford waste was 410 ml/g, obtained for testing with Tank SY-
101 waste. After loading, the resins are regenerated by elution with water. 

Figure 3-1. ABEC 2000 Resin 

3.2.1.1 Overview of Literature Reports for ABEC 2000 

a) Industrial & Engineering Chemistry Research, 38, 1683-1689, Flowsheet Feasibility Studies 
Using ABEC Resins for Removal of Per tech net ate from Nuclear Wastes, Eichrom Industries, 
Inc., Darien, Illinois, University of Alabama, Tuscaloosa, Alabama, and Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, 1999. 

This report presents information regarding ABEC G2 sorption media. It is not known 
whether this media is a forerunner to ABEC 2000. The article contains a basic flowsheet for 
another 99Tc disposal system path -- removal of 99Tc from LAW using ABEC G2, elution 
with water, then capture and disposal on a Purolite TM

5 sorption media. 

4 ABEC resins are trademarked products ofEichrom Technologies, Inc., of Lisle, Illinois. 

5 Purolite resins are trademarked products of The Purolite Company of Bala Cynwyd, Pennsylvania. 
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b) RR196, New Technologies for Metal Ion Separations: Aqueous Biphasic Extraction 
Chromatography (ABEC). Part 1. Uptake of Per tech net ate, Department of Chemistry, 
Northern Illinois University, DeKalb, Illinois, Argonne National Laboratory, Argonne, 
Illinois, 1996. 

This report is an overview of synthesis and uptake properties of several ABEC Resins (350, 
750,2000, and 5000) and a summary of experiments performed to show that 1) resin uptake 
of Tc04' increases as the concentration of the water-structuring salt increases, 2) resin uptake 
increases as I'l~yd of the water-structuring anions becomes more negative, 3) resin uptake 
increases as the molecular weight of the polymer increases, and 4) no uptake occurs from salt 
solutions that do not contain a sufficient concentration ofbi-phase forming salt. Data for 
three different waste simulants (Tank SY-lOl, neutralized current acid waste, and SST 
waste) is presented as well as other studies of various salt solutions and pH solutions. 

c) DE-AC2l-97MC33137--43, Separation, Concentration, and Immobilization of Technetium 
and Iodine from Alkaline Supernate Waste, Eichrom Industries, Inc, Darien, Illinois, 1998. 

This report describes work to synthesize an improved version of the 99Tc selective resin to 
resolve performance issues of the original ABEC-5000 resin, including research to 
investigate the influence of certain copolymer substrate properties on the physical properties 
and uptake performance of ABEC resins. Properties included degree of cross-linking, 
copolymer bead porosity and number of potential sites for attachment of PEG. The report 
also includes a flowsheet for stabilization and disposal of 99Tc by loading the 99Tc which has 
been stripped from the ABEC resin with water onto a commercial silica-based anion 
exchange resin, NUCLEOSILTM6 and then encapsulating it within a hydrous titanium oxide 
matrix. Waste streams include actual Hanford tank waste from Tank AW-lOl, (a Cs
decontaminated, double-shell slurry feed (DSSF) composite), three different Hanford tank 
waste simulants, actual waste samples from Melton Valley Storage Tanks (MVSTs) W-29 
and W-3 at the DOE's Oak Ridge National Laboratory (ORNL), and waste simulant 
solutions from two British Nuclear Fuels, Ltd. (BNFL) locations-Capenhurst and 
Sellafield-in the United Kingdom. 

3.2.2 Dowex™ l-X8 (Dow Chemical) 

Dowex™7 l-X8 is a Type 1 strongly basic anion exchange resin. Structurally it is a quaternary 
amine based resin on a cross-linked (8%) styrene divinyl-benzene backbone. The resin is 
spherical and floats in 5.6 molar (M) NaOH (l.27 giL). It has good chemical resistance to 
alkaline solutions. Its typical eluent is 4M nitric acid (HN03) 

6 Nucleosil resins are trademarked products ofW.R. Grace and Company of Columbia, Maryland. 

7 Dowex is a trademarked product of the Dow Chemical Company of Midland, Michigan. 
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Figure 3-2. Dowex™ l-X8 Resin 

3.2.2.1 Overview of Literature Reports for Dowex™ l-X8 

Dowex l-X8 has been reviewed by the WTP for Tc removal from LAW feedafter Cs removal. 
However, that report (24590-PTF-RPT-RT-02-00l, Rev 0, WTP PTF Alternative Resin 
Selection) is business sensitive and has not been made available for WRPS review. 

a) K/TCD-114l, Removal ofTechnetium-99 from Simulated Oak Ridge National 
Laboratory Newly-Generated Liquid Low-Level Waste, ORNL Chemical Technology 
Division, W. D. Bostick, et. AI, (Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, 1995). 

This reference is not directly applicable to immobilization of Hanford's LAW. The 
nitrate (N03 -) and salt concentrations for the simulant used are too low. 

Oak Ridge National Laboratory also reviewed Dowex l-X8 for 99Tc removal from its 
Newly-Generated Liquid Low-Level Waste. The resin was tested on two waste 
simulants. The simulant with the highest pH and salt concentrations is listed in Figure 
3-3. Although the simulant has high pH, the concentrations of the salts are too low for 
accurate comparison with Hanford wastes. Regarding use of this resin on Hanford waste, 
the report comments: 

"It should be noted that loading Of99Tc on Type 1 strongly basic anion exchange 
resin (such as Dowex™ 1 -X8) is adversely affected by high concentrations of 
competing nitrate ion; this situation could occur ifNGLLLW is blended with a 
relatively large proportion of high-nitrate legacy waste from theMelton Valley 
Storage Tanks" 

Another comment of interest is the finding regarding completely loading the sorption 
media with 99Tc. Based on the ORNL simulant and testing, Dowex l-X8laden with 99Tc 
would hold 170 Ci 99Tc/m 3 
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Figure 3-3. Newly-Generated Liquid Low-Level Waste Simulate Composition (KlTCD-
1141) 

Table 1. Composition of Simulated NGLLLW' 

Component or Property Value 

NaOH 0. 125 mollL (5.0 gIL) 

Na2C01 0.10 mollL (10.6 gIL) 

NaND) 0.06 mollL (5.1 gIL) 

NaCI 0.034 mollL (2.0 gIL) 

Liel 0.025 maUL 0.06 gIL) 

NaAI0 2 0.012 moUL (0.98 gIL) 

Solut ion pH -13 standard units 

Solution density - 1.07 gIL 

• Based upon Table 4. 1 in Amold, et at ( 1994), as amended (D. T. Bostick, personal communication, November 14, 
1994). 

3.2.3 Purolite™ A520E 

Figure 3-4. Purolite™ A520E 
SEM(ORNLrrM-13593 
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Purolite A520E is a strong base anion resin designed for the removal of nitrates from water for 
potable processes. It is a macroporous polystyrene crosslinked with divinylbenzene, and the 
functional group is a Type 1 quaternary ammonium pendant group. Macroporous resins are 
highly cross-linked polymers penetrated by open spaces through which solutions are able to 
flow. It has an exchange capacity of 0.9 eq/L in the chloride form, specific gravity of l.07, and 
particle size range of 300 to 1200 microns. (Purolite Literature 
http://www.purolite.com/default. aspx?RelID~606288&ProductID~223) 

3.2.3.1 Overview of Literature Reports for Purolite™ A520E 

a) LA-12654 Rev., Distributions of 14 Elements on 63 SelectedAbsorbersfrom Three 
Simulant Solutions (Acid-Dissolved Sludge, ACidified Supernate, andAlkaline 
Supernate) for HanfordHLW Tank 102-SY, Los Alamos National Laboratory, Los 
Alamos, New Mexico, 1994. 

The alkaline simulant used for this work is slightly low in ionic strength to be directly 
applicable to the processing of LAW waste and removal of 99Tc. The simulant was based 
from on Tank SY-102, so it is applicable to some portion of Hanford's LAW feed. Three 
simulants where tested with only the alkaline solution of interest, its matrix is shown in 
Figure 3-5. The results of the study with respect to 99Tc and Purolite 520E are best 
presented by review of Figure 3-6 and Figure 3-7. Elution of sorption media was not 
investigated. 
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Figure 3-5. Tank SY-I02 Alkaline Supernate Simulant (Table 2, LA-12654, Rev.) 

Ta ble 2. Compositions or Hanford Tank 102-SY SimuJanl Solutions 

eal ionsll 
Na 
M, 
AI 
Si 
ea 
Cr(lll) 
Cr(Vl) 
M, 
Fe 
Ni 
Cu 
Sc 
Sr 
Pb 
Th 
U 
239Pu 
2JlPu 

AniollS' 
F 
CI 
NO, 
PO, 
S04 
pH 

(Acid-Dissolved Sludge end Addi fied Sup e rnate 

composibons r emoved to minimi ze confusi on) 

calculated H+ 
calculated OH-

Alkaline 
Supernate 

2.2 M 
none 
0. 16 M 
O.OO24M 
0.0069 M 
none 
0.005 1 M 
none 
0.0061 M 
BOL 
BOL 
BOL 
BOL 
BOL 
SOL 
BOL 
SOL 
none 

0.2 1 M 
O. I02 M 
1.3 1 M 
0.061 M 
0.022 M 

13.SS 

O.1M 

-Determined by inductive ly coupled plasmalmau spectrometry (ICP/MS). 
bDctennincd by iOf! chromatography (Ie). 
tBelow detection limit. 
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Figure 3-6. Results by Adsorber for Technetium (LA-12654 Rev.) 

Table 8. Technetium Distribution Data (Cont.) 

Kd Value for Specified Time 
Solution Absorber 30 min 2h 6h 
Alkaline Aliquatnl 336 417 614 65 1 
Supernate Purolile™ A-S20-E 371 585 620 

Reillex™ HPQ 314 372 370 
Sybron™ (El))N resin 279 446 521 
SybronTM (Prh N resin 262 277 554 
lonacTN SR-3 222 272 258 
lonacT)C SR-6 191 385 520 
Sr_SpecTM 82 81 76 
CyanexTW 923 80 116 110 
Crypt-DER 31 38 38 
DHDECMP 21 23 21 
UXnt_26 21 23 22 
DHDECMP-D1PB 14 14 13 
TRU-SpecTloI 7.6 7.5 7.2 
CMPO-DlPB 4.5 6.8 7 .• 
Tannin 4.3 5.4 4.0 
Bone char 2.9 5.1 4.9 

Figure 3-7. PuroliteTIU A520E Distribution Coefficients by Analyte (LA-12654 Rev.) 

Thble 34. Puroli1e™ A·52()"E Anion Exchange Resin: Distribution or 
14 Elements from Three Simulant Solutions for Hanford Tank JOZ-SV 

Kd Value (or Specified Time 

Solution Element 30 min 2h 6h 
Alkaline C. <1).1 0.2 <0.1 
Supernate Cs 0.8 0.2 0.3 

S, 0.5 1.2 1.5 
To 371 585 .20 
Y 0.5 1.2 2.0 
c, 0.8 0_' D .• 
Co 1.0 0.3 0.4 
F. 0.4 0.4 1.0 
Mo <0. 1 0_2 1.1 
Zo 0.3 <0.1 <0.1 
Zs 0.8 0.' D .• 
U 0.8 0.7 0.8 
Am <0.1 <0.1 <0. 1 
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b) LA-12863, Distributions of 15 Elements on 58 Absorbers from Simulated Hanford 
Double-shell Slurry Feed (DSSF), Los Alamos National Laboratory, Los Alamos, 
New Mexico, 1994. 

This report is directly applicable to 99Tc removal from Hanford's LAW waste stream. 
The study builds off of previous work performed by LANL. The simulant used is 
based off double shell slurry feed (DSSF), Figure 3-8. Results for Purolite A520E 
are best represented by Figure 3-9 and Figure 3-10. 

Figure 3-8. DSSF Simulant Composition (LA-12863) 

Table 2. Composition of Simalated Hanford 
DSSF Solulion Used in This Study 

Conttutration (M ) 

Cations 
N, 7.0 
K 0.945 
C, 7.0 x ID-' 
AI 0.12 1 

Anions 
CI 0.102 
NO, 3.52 
NO, LSI 
PO, 0.014 
SO, 0.008 
CO, 0.141 
OH- (total) 4.63 
OH- (free) 1.75 
Theoretical pH '" J 4.56 
Measured pH = 14,0 
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Figure 3-9. Results by Adsorber for Technetium Figure 3-10. Purolite™ A520E 
Distribution coefficients by Analyte 

(LA-12863) 
(LA-12863) 

Tabl~ 8. Techndlum Distribution Data T.bJe 38. Purolite""" .40-520-£ An ion Exd1lUtte 

Kd VaJtte (or S~irJed Time 
Resin: Distribution of 15 Elemmts (rom 
Simulated Hanford DSSr Solution 

Absorber 30 min 2h 6h Kd Vile for Speciflfli nine 
ReillcJlTM HPQ 254 2.3 3J2 Element 30 min 2h .. 
PuroliteTN A·S20-E ". 3.2 527 '" , .. '.0 " AliqumTW 336 177 464 52' C. 0.2 <0.1 <0-' 
Sybron (Et)~ 167 40 1 471 S, 0.4 0.4 0.' 
Cyane.xnf 923 121 244 230 To 189 '" 527 
lonacTll SR· 3 liS 27. 312 y 2.8 3.4 '.3 

Sybron (Pr»)N 96 2S7 390 C, <0. 1 <0-' 0.1 
C. 0.3 0.4 0.7 lonacTloC SR-6 4S lOS 188 F, 0.2 1.0 1.4 

NusorbN LP· 7()..S IS 2' 2. M, 0.' 1.0 I> 
Ni 0.' 0.' I.' V <0.1 <0. 1 <0.1 
Z. <0.1 0.2 0.' 
X. 0.' I.. I.' U <0.1 0.' 0.7 
Am .. , , .. 8.8 

c) LA-12889, Distributions of 12 Elements on 64Ahsorhersfrom Simulated Hanford 
Neutralized CturentAcid Waste (NCWA), Los Alamos National Laboratory, Los 
Alamos, New Mexico, 1994. 

This report is directly applicable to 99Tc removal from Hanford's LAW waste stream. 
The study builds off of previous work performed by LANL. The simulant used is 
based off neutralized current acid waste (NCA W), Figure 3-11. Results for Purolite 
A520E are best represented by Figure 3-12 and Figure 3-13. 
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Figure 3-11. NCA W Simulant Composition (LA-12889) 

T9ble 2. Q,mpositlon of Simuhued nantord 
NCAW Solution Used in Tbls Study 

Cations 
No 
K 
Rb 
C. 
AI 
Anions 
F 
NO, 
NO, 
PO,-
SO, 
CO, 
OH-(total) 
OH-(free) 
Theoretical 
Measured 

Concentration (M) 

4 .987 
0.1 20 
5.0 x 10·j 
5.0 x 10"" 
0.430 

0.089 
1.669 
0.43 
0.025 
0. 15 
0.23 
3.4 
1.68 

pH _ 14.52 
pH = 14.2 

Figure 3- 12. Results by Adsorber for Technetium 
Figure 3-13. Purolite™ A520E 

Distribution coefficients by Analyte 
(LA-12889) 

(LA-12889) 

Table 7. Tl!('hDdiuRl Distribution 0ll t1l Table 37. Puroiit<eT'" A-52o.E Anion E"chang<e 
Resin: Distribullon 0( 12 Elements from 

Kd Value for Seedfied lime Simuhued lIanford NCAW Solution 

Absorber 3f) min 2. 6' Kd VaJ~ (or SE!!;ciCied TIme 
TEVA_Specnl l!Ol 1259 1209 Element 30 min lb 6h 
AliquUIT!oI336 4S5 619 TIS C. 0.1 0.2 0.1 
Rei llex"" HPQ 382 4,9 44' 5, "'.1 "'.1 «I.> 
Purolite™ A·S20-E 329 060 782 T, 329 ... 7&2 
Sybron (Et)tN 303 571 739 y 1.4 I., I.' lonacn.! SR.) 227 38' 407 <> 0.1 0.2 0.2 
S),bron (Pr),N 218 ". 70' Co 0.' 0.7 0.' 
CyanexTlol 923 IS' '" 18. F. 0.7 1.2 1.2 
lonac™ SR-6 127 308 54' M, 0.' 1.3 1.3 
Nusorb™ LP-7D-S 31 4' 47 Ni 0.' 0.7 0.' 
SRS RFBSC-187 '.0 33 232 V 0.' 0.7 0.' 

Tannin ' .7 " 62 z" 0.' 0.' 0.' 

" 0.8 0.' 0.' 
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d) ORNLlTM-13593, A Field Trial of Novel Bifunctional Resinsfor Removing 
Pertechetate (Tc04-) from Contaminated Groundwater, Oak Ridge National 
Laboratory, Lockheed Martin Energy Research Corporation, Oak Ridge, Tennessee, 
1998. 

Testing was perfonned on groundwater and is not directly applicable to Hanford's LAW 
feed. Of possible note is that S04·2 was retained in the sorption media. 

3.2.4 Purolite™ A530E 

Purolite A530E has been investigated by DOE contractors in several different programs for 
remediation of 99Tc. The sorption media is strong base anion, crosslinked with divinylbenzene. 
The fonnulation is selective for hydrophobic anions. The result is a sorption media that has high 
selectivity to perchlorate and pertechnetate ions. The bonding strength of media to pertechnetate 
makes elution difficult, and the vendor recommends a single pass system. The Purolite A530E is 
based on the biquat resin invented at ORNL by Gu, et a1 8 Like the Purolite A520E, it is a 
macroporous resin with a polystyrene crosslinked with divinylbenzene. The functional group is 
a quaternary ammonium pendant group. The resin is for perchlorate and pertechnetate removal. 
It has a capacity of 0.6 eq/L, a particle size of 300 to 1200 microns, and specific gravity of l. 7. 
(http://www.purolite.com/default. aspx?RelID~606288&ProductID~333) 

3.2.4.1 Overview of Literature Reports for Purolite™ A530E 

a) PNNL-1968l, Tc-99 Ion Exchange Resin Testing, Pacific Northwest Laboratory, Pacific 
Northwest National Laboratory, Richland, Washington, 2010. 

Testing was perfonned for CH2M Hill Central Plateau Remediation Company for removal of 
99Tc from groundwater. Although the solution processed was not applicable to Hanford 
LAW, the results of the work perfonned may be applicable depending on the method of 
disposal chosen for 99Tc. 

Goals for the work were to evaluate release of 99Tc from the spent ion exchange resin after 
several years of storage, whether hot water stripping could be used to remove carbon 
tetrachloride from the spent resin without release of 99Tc, and whether the sorption media 
could be encapsulated into a cementitious waste fonn. If it could be incorporated, what 
would the release rate of the monolith be due to weathering? The leachability study showed 
less than 0.02% of the 99Tc released. The Purolite A530E also held onto the 99Tc through the 
hot water wash. Encapsulation of spent resin in a cementitious material was not conclusive, 
and further testing is required to detennine physical degradation caused by moisture loss and 
the effect of this degradation process on the release of 99Tc. 

b) RPP-RPT -23199, Rev 0, The Removal of Technetium-99 from the Effluent Treatment F aci lity 
Basin 44 Waste Using PuroliteA-530E, ReillexHPQ, and Sybron IONAC SR-7 Ion 
Exchange Resins, CH2MHill Hanford Co. Richland, Washington, 2004. 

8 Gu, B.; G.M. Brown, P.Y. Bonnesen, L. Liang, B. A. Moyer, R. Ober, and S. D. Alexandrotos, 2000, 
"Development of Novel Bifunctional Anion-Exchange Resins with Improved Selectivity for Pertechnetate Sorption 
from Contaminated Groundwater," Enviromnental Science and Technology, (Washington, DC) 34B, 1075-1080. 
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The goal of work documented here was to evaluate and compare candidate anion exchange 
resins for their capacity to remove 99Tc from Basin 44 Reverse Osmosis (RO) reject stream. 
Due to the makeup of the solution processed, this work is not applicable to Hanford's LAW. 

c) RPP-RPT-39l95, Rev 1, Assessment of Technetium Leachability in Cement-Stabilized Basin 
43 Groundwater Brine, Washington River Protection Solutions, Richland, Washington, 2009. 

The solution tested was ~2.l M sodium (Na), formulated to match the anticipated Basin 43 
waste from the Effluent Treatment Facility (ETF), and is not directly applicable to Hanford's 
LAW. The report does show Purolite A530E as having a good leach index for 99Tc. 

3.2.5 Reillex™ HPQ (Vertellus®) 

Reillex™9 HPQ is a quaternary amine based resin on a cross-linked styrene divinyl-benzene 
backbone. The resin is in the form of spherical beads. The resin sinks in deionized water but 
will likely float in LAW feed. The resin is elutable with either 8 M HN03 or a 1M sodium 
hydroxide (NaOH), 1M ethylene diamine, 0.005M tin (Sn)(II) solution. The harsh eluants 
required for stripping may allow this media to perform as a non-elutable. 

Figure 3-14. Reillex™ HPQ Resin 
--~-~-

There is some concern with the vendor regarding degradation the sorption media at the pH range 
required for processing LAW feed. The concern has not been observed by the vendor or in 
testing performed on LAW feed. 

3.2.5.1 Overview of Literature Reports for Reillex™ HPQ 

a) CONF-9505l0l--l, Batch Test Equilibration Studies Examining the Removal ofCs, Sr, and 
Tc from Supernatants from ORNL Underground Tanks by Selected Ion Exchangers, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee, 1995. 

Based on information provided in the report on the solutions tests, this report is applicable to 
the capture of 99Tc by sorbent media from Hanford's LAW. The solution used for this work 
was supernatant samples from MVSTs W-29, see Table 3-7. 

9 Reillex products are trademarked by Vertellus Specialties, Inc., ofIndianapolis, Indiana. 
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Table 3-7. Solution Properties (CONF -9505101-1) 

Parameter Units W-29 

N03 gmoliL 4.5 

Na gmoliL 4.4 

99Ie Ci 5.41E-07 

Density g/ml 1.226 

pH 13.2 pH 

Note: Units for N03-, Na and 99Tc have been converted to match those in Table 3-1. 

The 99Tc concentration was adjusted to a concentration near the average of 17 Hanford 
underground storage tanks. The report looked at four sorbent media for 99Tc removal, as 
shown in Figure 3-15. 

Figure 3-15. 99Tc Batch Adsorption Data for MVST W -29 Supernate (CONF -9505101-1) 

Mixing tim. (b) 

(2) (24) 

Exchanger' D %R D %R - (mUg) (mUg) 

Reillex'tM H.PQ0 282 60 624 76 

Reillcx"" HPQ~ 149 44 511 72 

Reillex.TN 402~ 430 69 786 80 

RcillexTN 402a 349 64 3S6 66 

Amltetli lcnl IRA-904~ 186 48 628 76 

AmberlileiM IRA-9044 286 59 5)5 74 

Amberiite™ IRA-400' 88 31 4 12 68 

-OC'CriptiDnS or thc W-29 supernatant siock solution pre:paI"",tion ilnd the batch-test ptOCCdure arc: gi\'cn in die section entitkd "TES.T 
PROCEOURES.-

~tbe ion exchangeD an:: diS(;usscd in the $Celioo entitled "Exchangers Tcned fOr Technetium. It 

"Hydroxtdc ronn o f excbangel'". 
"NltrnlC (onn of exchanger. 

b) CONF-970148-3, Comprehensive Supernate Treatment, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, 1996. 

Waste tested were from Oak Ridge National Laboratory MVST farm tanks W-25, W-27, 
and W-29. Waste was processed to remove 137CS first, 90Sr second, and then 99Tc using 
Reillex HPQ. Lambda-50 (1,,50) was stated as 45 BV. Elution was performed in 7 BV 
using a solution of stannous chloride, ethylenediamine, and sodium hydroxide. 

c) Environmental Science & Technology, 34, 3761-3766, Development of Bifunctional 
Anion-Exchange Resins with Improved Selectivity and Sorptive Kinetics for 
Pertechnetate: Batch-Equilibrium Experiments, Oak Ridge National Laboratory, Oak 
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Ridge, Tennessee, and University of Tennessee, Knoxville, Tennessee, 2000. 

Work was performed on groundwater, not directly applicable to Hanford LAW. Good 
technical information regarding sorption media. 

d) KlTCD-114l, Removal ofTeclmetium-99 from Simulated Oak Ridge National 
Laboratory Newly-Generated Liquid Low-Level Waste, Oak Ridge National Laboratory 
Chemical Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
1995. 

The results of the work performed are not representative to LAW feed mainly due to the 
differences in pH between the Newly Generated Liquid Low-Level Waste solution, ~7.4, and 
LAW feed 212. Results did show good Kd for Purolite A-530E, IONAC SR-7, and Reillex 
HPQ. 

Oak Ridge National Laboratory reviewed Reillex HPQ for 99Tc removal from its Newly
Generated Liquid Low-Level Waste. The resin was tested on two waste simulants. The 
simulant with the highest pH and salt concentrations is listed in Figure 3-3. Although the 
simulant has high pH, the concentrations of the salts are too low for accurate comparison 
with Hanford wastes. The report states the assumption that Reillex HPQ would perform well 
for a high salt concentration feed matrix. 

e) RPP-RPT -23199, Rev 0, The Removal of Technetium-99 from the Effluent Treatment F aci lity 
Basin 44 Waste Using PuroliteA-530E, ReillexHPQ, and Sybron IONAC SR-7 Ion 
Exchange Resins, CH2MHill Hanford Co., Richland, Washington, 2004. 

The goal of work documented here was to evaluate and compare candidate anion exchange 
resins for their capacity to remove 99Tc from Basin 44 Reverse Osmosis (RO) reject stream. 
Due to the makeup of the solution processed this work is not applicable to Hanford's LAW. 

f) PNNL-1l386, Technetium in Alkaline, High-Salt, Radioactive Tank Waste Supernate: 
Preliminary Characterization and Removal, Pacific Northwest National Laboratory, 
Richland, Washington, November 1997. 

Work performed for this report directly supports the removal of 99Tc from Hanford's LAW 
Immobilization feed. 

The report is initial work performed by Pacific Northwest National Laboratory (PNNL) to 
study 99Tc removal from Hanford tank waste supernate and 99Tc oxidation state in the 
supernate. Actual SST and DSTtank wastes were used. 

• A composite DSSF: 

o 70% from Tank AW-lOl; 

o 20% from Tank AP-106; 

o 10% from Tank AP-102. 

• Waste from Tanks AN-107, SY-10l, ANS SY-103 that are distinguished by having a 
high concentration of organic complexants (complexant concentrate or CC waste 
type, often referred to as LAW waste feed envelop C). 
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Reillex HPQ was effective for 9'>Tc removal from the composite DSSF waste, removing 93% 
on the first contact. The resin was ineffective for 99Tc removal from the three CC wastes 
studied. Teclmetiurn removal from the CC wastes was in all cases less than 50%. The 
conclusion was that to remove 99Tc from these wastes, the oxidation state of the 9"Tc species 
must be adjusted to create Tc04-. 

g) PNNL-11398, Technetium Removal Column Flow Testing with Alkaline, High Salt, 
Radioactive Tank Waste, Pacific Northwest National Laboratory, Richland, Washington, 
November 1997. 

Hanford DST Waste from Tank AW-lOl diluted to 5M Na with water. Waste was spiked 
with 9%>yC in Tc04- form. The DF for recovery O[99rnyc was 1,100; DF of 9'*rc from waste 
was six. Waste had more non-perteclmetate fraction than estimated based on organic 
concentration of waste (~2.5 g total organic compOllllds/L) 

h) LA-12654, Rev., Distributions of 14 Elements on 63Absorbersfrom Three Simulant 
Solutions (Acid-Dissolved Sludge, Acidified Supernate, and Alkaline Supernate)for 
Hanford HLW Tank 102-SY, Los Alamos National Laboratory, Los Alamos, New 
Mexico, 1994. 

The alkaline simulant used for this work is slightly low in ionic strength to be directly 
applicable to the processing of LAW waste and removal of 9'*rc. The simulant was based 
from on Tank SY-I02, so itis applicable to some portion of Hanford's LAW feed. Three 
simulants where tested with only the alkaline solution of interest here, its matrix is shown in 
Figure 3-5. The results of the study with respectto 99Tc and Reillex HPQ are best presented 
in Figure 3-6 and Figure 3-16. Elution of sorption media was not investigated. 

Figure 3-16. Reillex™ HPQ Distribution Coefficients by Analyte (LA-12654 Rev.) 

Table 32. Reillexl"M HPQ Anion Excbange Resin: Distribution of 14 
Elements from Three Simulont Solutions for Hanford Tank lO2-SY 

Kd Value for Specified Time 
Solution Element 30 min 2h 6h 
Al kaline Ce <0.1 0.7 1.0 
Supernale Cs <0.1 <0. 1 <0.1 

Sr 0.4 0.6 0.6 
Tc 314 372 370 
Y 2.3 3.4 4.1 
Cr 0.1 0.2 0.2 
Co 2.2 2.7 2.7 
Fe 3.4 3.7 4.4 
Mn 14 18 26 
Zn <0.1 <0.1 <0.1 
Zr 1.3 1.5 1.8 
U 0.2 0.4 0.7 
Am 4.S 7.S 21 
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i) LA-12863 , Distributions of 15 Elements on 58 Ahsorhersfrom Simulated Hanford 
Double-shell Slwry Feed (DSSF) , Los Alamos National Laboratory, Los Alamos, New 
Mexico, 1994. 

This report is directly applicable to 99 Tc removal from Hanford's LAW waste stream. 
The study builds off of previous work performed by LANL. The simulant used is based 
off neutralized current acid -waste (NCA W), Figure 3-8. Results for Reillex HPQ are 
best represented by Figure 3-9 and Figure 3-17. 

Figure 3-17. Reillex™HPQ Distribution Coefficients by Analyte (LA-12863) 

Table 39, ReillexTW HPQ Anion Exchange 
RfSin: Distribution or IS Elements rrom 
Simulated Hanford DSSF Solution 

Kd Value fo r Specified Time 

Element 30 min 1h 6 b 
C. <0.1 1.2 7.4 
Cs 2.4 0.5 0.5 
S, 2.8 0.7 0.8 
To 254 29l ll2 
Y 5.l II 2S 
C, 2_5 0.7 0.8 
Co 1.. 1.1 1.6 
Fe 2_5 1.8 2.3 
M" 4.1 8.5 12 
N; <0.1 2.5 10 
V 1.4 0.3 0.3 
z" 1.6 0.6 0.' 
l< 1.7 1.4 2.3 
U 1.5 0.' 0.' 
Am l _' 5.7 10 

j) LA-12889 , Distributions of 12 Elements on 64 Ahsorhersfrom Simulated Hanford 
Neutralized ClffrentAcid Waste (NCWA) , Los Alamos National Laboratory, Los 
Alamos, New Mexico, 1994. 

This report is directly applicable to 99Tc removal from Hanford's LAW waste stream. 
The study builds off of previous work performed by LANL. The simulant used is based 
off neutralized current acid \Vaste (NCA W), Figure 3-11. Results for Reillex HPQ are 
best represented by Figure 3-12 and Figure 3-18. 
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Figure 3-18. Reillex™HPQ Distribution Coefficients by Analyte (LA-12889) 

Table 38. Reillexnc HPQ Anion Exchange 
Resin : Distribution of J2 Elements from 
Simulated Hanford NCAW Solution 

Element 

C, 
Sr 
Tc 
y 

Cr 
Co 
Fo 
Mn 
N; 
V 
Zn 
Zr 

Kd Value (or Spetirted Ti~ 

JO min 2 h 6 h 

0.1 d). I d). I 
0.2 0.3 0.3 

382 459 445 
2_3 3.4 4.0 

<0.1 <0, 1 <0.1 
0.2 0.2 0.3 
1.1 1.0 1.0 
1.5 1.9 2.3 
2.2 2.5 5.1 

<0. 1 <0.1 <0.1 
d). I 0.1 0.1 

0.4 0.8 0.8 

k) WHC-SD-WM-TI-699, Rev. 1, Technical Basis/or Classification of Low-Activity Waste 
Fractionfrom Hanford Site Tanks, Westinghouse Hanford Company, Richland, 
Washington, 1996. 

The report has a section on "Teclmology Options" for "Teclmetium-99 Removal". The 
implementation of sorption media looked at Reillex-HPQ, eluted \'lith 6 M RN03. The 
conclusion was that the methcxl was only applicable for removal ofTc(VII), and 
therefore not teclmica11y feasible for their goals. 

1) WHC-SD-WM-TI-718 , Technetium Removal: Preliminary Flowsheet Options, 
Westinghouse Hanford Company, Richland, Washington, 1995. 

Work document contains a preliminary investigation for flowsheets targeting the 
removal of 99 Tc from Hanford's tank "Wastes. Several different 99Tc removal 
teclmologies were reviewed: sorption, precipitation, volatilization, and alkaline sulfide 
precipitation. Reillex™ HPQ sorption media was selected for their flowsheet work "With 
two eluants reviewed - 1) nitric acid and 2) a solution of starmous chloride, 
ethylenediamine, and sodium hydroxide. 

m) WSRC-MS-98-0060 1, PretreatmentlRadionuclide Separations oJCsffc from 
Supernates, Westinghouse Savannah River Company, Aiken, South Carolina, 1998 . 

The document is a brief status on separations work for Cs and 99 Tc . The report states that an 
algorithm was developed to predict Kd values for Reillex HPQ regarding Hanford's 
supemates with values ranging from 500 - 600 for most; lower for supemates containing CC. 
Elution was stated as requiring a strong HN0 3 solution, with 8 M HN03 not having complete 
removal. Complete elution was achieved with a Sn(II) and ethylenediamine solution. 
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n) WSRC-TR-99-003l7, Qualification ofReillex™ HPQ Anion Exchange Resin for Use in 
SRS Processes, William J, Crooks III, et. AI., Westinghouse Savannah River Company, 
Aiken, SC, 2000. 

The report documents testing required for using Reillex in HN03 solution at the DOE's 
Savannah River Site (SRS) for the loading of plutonium (Pu). Therefore the data presented is 
not readily applicable to Hanford's LAW feed. Testing was performed to understand low 
temperature exotherms from the diethylbenzene - 8 M HN03 reaction. A low-temperature 
exotherm was observed, generating nitric oxide (NO), carbon dioxide (C02), and a mixture 
of mono- and dicarboxylic acids as reaction products. One conclusion is that Reillex HPQ 
contains a small amount of easily-oxidized material. A pretreatment process was developed 
to remove oxidizable constituents of the media, which showed comparable particle size 
distribution and Pu loading performance. Since TC04· is elutable from Reillex HPQ with 8M 
HN03, it may be applicable for understanding the safety of the system during elution and the 
number of time the sorption media could be regenerated. 

3.2.6 TAMTM or Sn(lI) Apatite Microspheres (Kurion, Inc) 

TAMTM10 was developed to take advantage of the properties ofSn(II)apatite on a sorption media 
base. This product is fairly new and not much literature is available for it. Both articles below 
concern the media (Sn(II)apatite), but not in a sorption media form as presented by Kurion. 
Kurion replied fully to a questionnaire regarding its product. The questionnaire coupled with 
results from testing on more dilute solutions showing that Sn(II)apatite binds 99Tc well to its 
matrix, resulted in its inclusion in this study. 

3.2.6.1 Overview of Literature Reports for TAM 

a) PNNL-14208, Selection and Testing of "Getters" for Adsorption oflodine-129 and 
Technetium-99: A Review, Pacific Northwest National Laboratory, Richland, 
Washington, 2003. 

The goal of this study was to identify suitable "getter" materials that can immobilize or delay 
the transport of anionic radionuclides (such as 1291 and 99Tc04) that would be released from 
physically and chemically degrading waste packages. The solutions tested are not applicable 
to Hanford's LAW. 

b) RPP-RPT -39195, Assessment of Technetium Leachability in Cement-Stabilized Basin 43 
Groundwater Brine, Washington River Protection Solutions, Richland, Washington, 
2009. 

The solution tested was ~2.l M Na, was formulated to match the anticipated Basin 43 waste 
from the ETF, and is not directly applicable to Hanford's LAW. The report does show 
Sn(II)apatite as having a good leach index for 99Tc. 

10 TAM products are manufactured by Kurian, Inc. ofIrvine, California. 
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3.2.7 SuperLig® 639 (IBe Advanced Technologies, Inc.) 

Figure 3-19. SuperLig® 639 Resin 

SuperLig®l1 639 was selected by BNFL as the 99Tc ion exchange media for the 99Tc removal 
column as part of the Tank Waste Remediation System (TWRS now known as WTP) project. 
The 99 removal process step was later removed with the implementation of an alternative 99Tc 
immobilization strategy. Up to that, point SuperLig 639 was extensively tested at laboratory 
scale on simulants and actual waste representative of three envelopes of waste feed (A, B and C). 
The composition of these envelopes is found in 24590-WTP-RPT-PT-02-005, Rev l. The key 
parameter of the three envelopes regarding 99Tc removal is organic content. Tanks with 
relatively high organic content were designated as containing envelop C waste. Roughly 70% of 
the 99Tc found in envelope C is not in the VII oxidation state, and not amenable to capture via 
sorption media. The SuperLig 639 resin was extensively tested at pilot scale, and its radiation 
resistance has also been evaluated. 

The active component in the resin is a complexant specifically designed to remove 99Tc in its +7 
(VII) oxidation state, TC04-. The beads are of sufficiently high density such that they do not 
float in media l.25 to l.27 glee. 

The resin has been tested at lab scale and pilot scale. Key findings are: 

• The resin shows a high removal efficiency, with Kds in the order of 400 being routinely 
achieved for TC04 -; 

• Sorption is best accomplished in the temperature range of 5°C to 40°C as the binding 
constant decreases with increased temperature; 

• Processing rate is at 0.05 BV per min for >99% 99Tc removal (as is washing and elution). 
Increasing this rate leads to early break through; 

• The resin met the average >80% removal criteria for WTP LAW Vitrification feed; 

• Elution requires approximately 10-15 BV at a flow rate of 0.1 BV per minute; 

11 SuperLig products are manufactured by lEe Advanced Technologies, Inc., of American Fork, Utah. 
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• There must be sufficient counter ions to the TC04- anion (Na+' K+ or H+) present in the 
solution; 

• Early trials suggested that the initial performance degradation of the resin begin with 
exposure levels of lxl07 Rads; Further trials indicated that the resin was resistant to 
significant damage at lx108 Rads, which is consistent with SuperLig 644 and polystyrene 
resins in general; 

• Selectivity over hydroxide, chloride, fluoride, and bromide is nearly infinite, Selectivity 
over 2-3 M nitrate (N03-) and (N02-) nitrite is of multiple orders of magnitude, such that 
there is minimal effect on TC04- binding up for Hanford's LAW; 

3.2.7.1 Overview of Literature Reports for SuperLig® 639 

a) BNF-003-98-0l40, Evaluation ofSuperLigEJ 639 Ion Exchange Resinfor the Removal of 
Rhenium from Hanford Envelope A Simulant, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000, 

This report showed 90 to 150 BV to 50% breakthrough when the flow rate was in the correct 
range, demonstrating again the need for the correct flow rate, The elution is accomplished to 
0,1 CICo at 16 BY The column bed design in this test had too much head space, The report 
included important statements such as "Tests highly successful in demonstrating 
effectiveness of this method for removing Tc04- from Hanford Tank Waste"; "No significant 
problems encountered which would prevent use of this resin as planned"; "No observations 
of cracking or swelling of the resin bed" are made, 

b) BNF-003-98-0l46, Rev, 1, Small-Scale Ion Exchange Removal of Cesium and 
Technetium From Hanford Tank 241-AN-I03, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000 

Waste from tank AN-l 03 is designated as WTP envelop A feed, The Tc Kd reported 
was 471 +1- 35 ml/g, A50 was estimated at 221 +1- 16 BV, and >97% removal ofTc was 
achieved, When the lead column breakthrough was 47% (270 BV) the corresponding 
lag column had 8% breakthrough - assumed to be due to resin floating in lag column, 

c) BNF-003-98-02l9, Small-Scale Ion Exchange Removal of Cesium and Technetium from 
Hanford Tank 24l-AN-l02, Westinghouse Savannah River Company, Aiken, South 
Carolina, 2000, 

This report concerns Envelope C feeds with very high organics and very low TC04-
percentages of the 99Tc present This report confirms that only the TC04- will be 
removed as per the design of the ligand of the SuperLig 639 resin, 

d) BNF-003-98-0230, Intermediate-Scale Ion Exchange removal of Technetium from 
Savannah River Site Tank 44 F Supernate Solution, Westinghouse Savannah River 
Company, Aiken, South Carolina, 2000, 

The solution tested was chosen to due to its similarity to Hanford LAW envelope A feed, 
This report is applicable to 99Tc removal from Hanford's LAW, The results of this work are 
best summarized by Figure 3-20, Testing was performed using one column with the goal of 
determining 45% breakthrough, which required ~500 BY 
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Figure 3-20. Batch Contact Data (BNF-003-98-230) 

e) BNFL-RPT -009, Rev 0, Ion Exchange Distribution Coefficientsfor 137Cs and 99Tc removal 
from Hanford Tank SupernaJantsAW-lOl (EnvelopeA) andAN-I07 (Envelope C), Pacific 
Northwest Laboratory, Richland, Washington, 1999. 

Results from a Tank AN-107 sample ~ow that SuperLig 639 is not effective at capturing 
99 Tc present in forms other than the TC04 - form (as stated by the supplier). The analysis 
stated that 75-780/0 of the Tc in the Tank AN-107 solution was not in the TC04' form. The 
analysis also determined that approximately 2.9%) ofthe 99 Tc in the Tank AW -101 sample 
was not in the TC04 -form. The reported Kd values from the Tank AW -101 sample were 450 
- 500 ml/g. 
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Figure 3-21. 99Tc KdS for SuperLig® 639 for Tank A W-lOl Waste (BNFL-RPT-009) 

f) BNFL-RPT -016 Rev 0., Small Column Testing of SuperLig® 639 for Removing 99Tc From 
Hanford Tank Waste Envelope A (Tank 241-A W-IOJ), Battelle, Pacific Northwest Division, 
Richland, Washington, 2000. 

Testing reported 97% of the 99 Tc is removed, with the other 3% of 99Tc being at lower 
oxidation states (note that this is in contradiction with the 15-20% non-pertechnetate form 
observed in AW -101 samples used for work in PNNL-11398). The 50% breakthrough point 
was reached at 213 BV on the lead column, and 260 BV for 60% breakthrough. The lag 
column performed well as a polishing column. The 99 Tc concentration in the product was 5.1 
)lei/liter, less than 20% of the 26.8 )lei/liter allowable (this included the 3% non- TC04-
form). The maximum DF for TC04- only is reported as 433. The eluent used for this work 
was not the WTP planned eluent -- this work used 0.5 M HN03 and led to a long, drw.vn out 
elution. The column design was also poor with undesired head space leading to large 
volumes of working solutions to clean the column of AI, Na, K, etc. from the feed. Despite 
the less than optimum configuration and procedure, data 99 Tc is effectively removed from the 
Envelope A tank waste. 

g) BNFL-RPT -022, Rev. 0, Small Column Testing ofSuperLig 639 for Removing 99Tc from 
Hanford Tank Waste Envelop C (Tank 241-AN-I07), Battelle, Pacific Northwest Division, 
Richland, Washington, 2000. 
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The report states that 65% to 87% of TC04- is removed by tracking the 95lliTc04- tracer, 
however review of total 99Tc removed showed only 11 % to 22% removal; indicating that 
envelope C wastes (containing CC) exhibit poor 99Tc removal using sorption media. 

h) BNFL-RPT-0028 Rev 0, Analysis of Spent Ion Exchange Media: SuperLig® 639 and 
SuperLig® 644, Battelle, Pacific Northwest Division, Richland, Washington, 2000 

The report identifies residual amounts of components on resins after loading and elution tests 
to support disposition of the spent resin. The SuperLig 639 had two elements above the 
minimum reportable quantities, 99Tc and K, despite the fact that the elution was only run at 
50°C with a feed that had significant K present. These conditions led to the elution being 
reported as less than optimal. 

i) SRTC-BNFL-013 Rev 0, Evaluation of the Radiation Stability ofSuperLig® 639, 
Westinghouse Savannah River Company, Aiken, South Carolina, 1997. 

Testing performed exposed SuperLig 639 to a cobalt 60 (60 Co) gamma source for evaluation 
of loss in effectiveness. The data reported in this report are more than an order of magnitude 
better than previously reported. According to this report, no degradation occurs until the 
SuperLig® 639 sees 1 x 108 Rads; 50% degradation occurs at 1 x 108 Rads; and 90% at 1 x 
109 Rads. Based on this data alone, these results would give a significantly longer life than 
even that BNFL which was proposing. If 137CS where not to be removed prior to 99Tc 
removal SuperLig 639 degradation would be similar to that of SuperLig® 644; since 99Tc 
removal will be post 137CS removal, degradation of the resin due to radiation is improbable. 

j) WSRC-MS-2000-00499, Comprehensive Scale Testing of the Ion Exchange Removal of 
Cesium and Technetium from Hanford Tank Wastes, CH2MHill Hanford Group, Richland, 
Washington, 2000. 

Lab and pilot scale removal of 99Tc or rhenium (Re) (as 99Tc simulant) from Tank AN-l03 
waste and a Tank AN-lOS simulant was performed. Flow rate is shown to be important to 
proper removal. When the flow rates exceed 7 column volumes (CV) per hour (exceeding 
the optimal 0.1 CV/minute), breakthrough occurs early. However, when the flow rates are in 
the correct range, loading volumes to 50% breakthrough are in the 100s of BV. The report 
also states that the results (under the proper flow rates) met all conditions required at 
Hanford. In addition, the report states that the N03 - to TC04- ratio is higher than that 
expected at Hanford, and that these results may not apply to even higher N03 - to TC04- ratios. 
The one negative is that this test was done prior to increasing the density of the SuperLig 639 
so that it would not float. Therefore, it is mentioned that floating of the resin may affected 
the sharpness of the curve. Also, the early 99Tc polishing was not quite as high as in the 
batch equilibrium tests. 
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k) WSRC-MS-200l-00573, SuperLig® 639 Equilibrium Sorption data for Technetiumfrom 
Hanford Tank Waste Supernates, Westinghouse Savannah River Company, Aiken, South 
Carolina,200l. 

I 

I 

I 

Pertechnetate % removals calculated for the initial contacts were approximately 87, 91, and 
89 % for the AN-l03, AZ-102, and AN-l02 samples, respectively. For the AN-l02 sample, 
the % removal for total technetium for the initial contact was <30%, due to the fact that 
~60% of the 99Tc was not Tc04-. The lower loadings observed for the AZ-102 sample 
indicates that resin performance varies directly with the ionic strength of the solution (AZ-
102 had a roughly half the amount ofNa in solution; resin performance increases with 
increasing ionic strength of the solution). The Kd values for Hanford tank wastes AN-l03, 
AZ-102, and AN-102 were 530, 886, and 287 mLlg, respectively 

Table 3-8. Concentrations of Selected Analytes in the Hanford Tank Waste Supernates 
(WSRC-MS-2001-00S73) 

Sample 
EqUlhbnum I cO, IcO, Kd IcO,loadmg 

(M) (mLlg) (mmol/g) 

I ank AN-l03 

Spike 4.24 E-05 452 1.92 E-02 

Initial contact 3.93 E-06 530 206 E-03 

1 st Recontact 4.86 E-07 714 3.46 E-04 

2nd Recontact 8.95 E-08 II 459 408 E-05 

Tank AZ-102 

Initial contact 1.43 E-05 886 1.27 E-02 

15t Recontact 1.21 E-06 982 1.17 E-03 

2nd Recontact 1.62 E-07 548 7.98 E-05 

3rd Recontact 1.72 E-08 II 1109 1.11 E-05 

IankAN-102 

Spike 6.39 E-05 288 1.83 E-02 

Initial contact 5.l4E-06 281 1.43 E-03 

1 st Recontact 1.21 E-06 332* 403 E-04 

nd 2 Recontact 2.00 E-06 NA NA 

* Value calculated from a single batch contact experiment rather than the average of duplicate experimental results. 
NA ~ not applicable; Kd and loading values were not calculated for this experiment because the data indicated that 
no technetium was adsorbed to the resin. 

43 



RPP-RPT-50l22 

1) WSRC-MS-200 1-00760, Technetium Removal from Hanford and Savannah River Site Actual 
Tank Waste Supernates with SuperLig 639 Resin, Westinghouse Savannah River Co., Aiken, 
South Carolina, 200 l. 

99Tc was removed prior to removal of 137 Cs with SuperLig 644. The AN-l 03 sample, 
lead/lag column configuration, had 99Tc removal of92.6% (DF of 13.5). Analysis showed 
that SuperLig 639 extracts 99Tc as an ion pair (KTc04 or NaTc04). Several issues where 
observed that resulted in data scatter, beads floating and column diameter less than optimal 
(due to amount of solution available for elution). 

Comparison of the breakthrough data for a Savannah River sample from tank 44F verses the 
AN-l03 sample (containing comparable sodium and pertechnetate concentrations) showed 
that SuperLig 639 had twice the capacity for Tank 44F solution, see table xxx. Either tank 
44F's elevated OH- level and/or low nitrate concentration in this sample resulted in 
significantly enhanced pertechnetate removal. 

Table 3-9. Hanford AN-I03 vs. Savannah River 44F (extracted from WSRC-MS-2001-
00760) 

Analyte Tank44F TankAN-l03 

Na+ 5.4M 4.99M 

N03' 0.495 M 0.998 M 

OR" (free) 4.5M l.87 
99Tc 3.13 E-5 3.07 E-5 

~ 45% Breakthrough 580 BV 270BV 

m) WSRC-MS-2003-00789, Multiple Ion Exchange Column Tests for Technetium Removal from 
Hanford Tank Waste Supernate (U), Westinghouse Savannah River Company, Aiken South 
Carolina, 2003. 

This report presents the results of 99Tc removal from Tank AW-lOl waste through five 
cycles ofloading. The average 99Tc loading for the cycles was 250 BV at 10% breakthrough. 
Removal of 99Tc was greater than 99.4%, and 99% of the 99Tc loaded on the resin was 
elutable with less than 15 BV of de-ionized water at 65°C. 

n) WSRC-MS-2003-00792, Column Performance Testing ofSuperLig® 639 Resin with 
Simulated Hanford Waste Supernates: Identification of the Primary Sorbing Species and 
Detailed Characterization of Their Desorption Profiles, Savannah River Technology Center, 
Westinghouse Savannah River Company, Aiken, South Carolina, 2003. 

Envelope A and B simulants show Re loaded well with over 200 BV to 50% breakthrough. 
The envelope C (containing organics) simulant resulted in lower 99Tc oxidation states and 
subsequently poorer resin loading. Elution with hot water worked well with removal of 
potassium nitrate (KN03) harder than sodium nitrate (NaN03); also potassium perrhenate 
(KRe04) eluted later than sodium perrhenate (NaRe04)' The manufacturer, IBC Advances 
Technologies, Inc., has stated that potassium (K) salts bind more strongly and require elution 
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with higher temperature water. The presence of K led to more Re (99Tc) binding and not 
less. The data on the elution in this paper shows why elution with hot water is necessary. It 
is not a selectivity problem, rather a stronger equilibrium constant involved -- when K is 
present the KTc04 simply becomes the strongest binder. Roughly the same selectivity for 
KTc04 over KN03 exists as for NaTc04 over NaN03, etc. 

0) WSRC-TR-2000-00302, Summary of Testing ofSuperLig® 639 at the TFL Ion Exchange 
Facility, Savannah River Technology Center, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000. 

This was pilot scale testing, designed to reach 1050 at 100 BV. The lead column removed 72% 
of the perrhenate, 24% was removed from the lag column. The simulant was at 18°C, 
modeling AN-lOS waste. Data was obtained was used to assess the VERSEion exchange 
computer model which was to be used for design and optimization of WTP Tc removal 
facility. All runs exceeded 100 BV to 50% breakthrough, and DF was as high as 300. 

p) WSRC-TR-2000-00303, Rev 0, Demonstration of an Ion Exchange Resin Addition/Removal 
System with SuperLig® 659, Westinghouse Savannah River Company, Aiken, South 
Carolina, 2000. 

This report focuses on testing the design of the 99Tc removal media slurry system for the 
WTP. It utilizes SuperLig 659 in lieu of SuperLig 639 due to resin availability. The report is 
not directly applicable to efficiency of SuperLig 639 for 99Tc removal, but would aid in the 
development of a removal system. 

q) WSRC-TR-2000-00305, Preliminary Ion Exchange Modeling for Removal of Technetium 
from Hanford Waste Using SuperLig® 639 Resin, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000. 

Very comprehensive report for ion exchange as it would be implemented by WTP. The 
report is a represents a status on regarding the modeling of technetium removal using 
SuperLig 639. Twenty bench-scale column tests and approximately 88 batch equilibrium 
experiments are addressed. Data was also used to quantify the offset between Re and Tc. 

r) WSRC-TR-2000-004l9, Rev 0, Small-Scale Ion Exchange Removal of Cesium and 
Technetium form Envelope B Hanford Tank 241-AZ-102, Westinghouse Savannah River 
Company, Aiken, South Carolina, 200l. 

Testing resulted in 170 BV on the lead column with a breakthrough of 9. 8%. Breakthrough 
of 50% was projected to occur at 450 BV. Removal rate was 99.97% with a polishing 
column at over 127 BV. Elution was performed with water at room temperature elution, 
leading to higher than normal elution volumes. 

s) WSRC-TR-2000-00420, Intermediate-Scale Ion Exchange Removal of Cesium and 
Technetium from Hanford Tank 241-AN-102, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000. 

This report is about Envelope C feeds containing high organics and very low TC04· 
percentages of the 99Tc present. It confirms that only the TC04· will be removed as per the 
design of the ligand of the SuperLig 639 resin. 
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t) WSRC-TR-2000-00424, Rev 0, Tank 241 -AZ-l02 SuperLi g® 639 Technetium Ion Exchang~ 
Eluate Evaporation Study, W estinghouse Savannah River Company Aiken, South Carolma, 
2000 

This r eport deals with the eluent from the SuperLg 639 aft er the separation. It shows that 
with eluent contalmng only water plus dilute NaOH (from the wash) and a littl e NaN03, the 
"'T c volatil1Z1ng!n an evaporator!S not an !Ssue. Thi s probl em !S m enti oned specifically 
with other competing technologies that have to us e at l east some NOJ-!n the el ution. This 
result!S a specific example of an advantage to the SuperLg 639 beyond its petfonnance !n 
"'Tc removal itself 

u) WSRC-2002-TR-00495, R ev 0, Evaluating the Efftcts ojTn -Butyl Phosphate (FBP) and 
Normal Paraffin Hydrocarbon (NPH) in Simulawd ww-Activiry Wasw Solution on Ion 
Exchang~, Savannah River Technology Center , Westinghouse Savannah River Company, 
Aiken, South Carolina, 2002 

The solution was a WTP Envelope B AZ-I0l filtrate 81mulant which had been used!n 
ultrafiltration work u81ng Re as a surrogate for ""'r c. Two van ati on, on the 81m ulant were 
used: Simulant 0 -was the bas eline filtrate, and SimulantH -was spiked with organics 
resulting m 2500~ glml tri -butyl phosphate (TBP) and 2500~ glmL of normal paraffin 
w.:drocarbon (NPH). No statistical difference m the perfonnance of SuperLg 639 to r emove 

Tc was obs erv ed between the 81mulants - e!therbatch contact A values or column loading A 
values. This work shows that the presents of organics by it self is not an mdicator of""'rc 
(pertechnetate) removal effectiveness 

WSRC-TR-2003-00098, R ev 1, Multiple Ion Exchang~ Column Runsfor Cesium and 
Technetium &movalftom AW-l0l Wasw Sampl~ (U), Savannah River National Laboratory, 
Westinghouse Savannah River Company, Aiken, South Carolma, 2004. ApproXlmately 250 
BV of A W-I0l of solution was processed at" 10 % breakthrough of"'Tc. The percent of 
"'Tc (pertechnetat e) r emoval was" 99.94% (DF of about 1700) for each of the five cycle, 
ApproXlmately 99% of the ""'rc was elut ed from re81n m " 15 BV usmg de-1Omzed water at 
65°C 

Fillllre 3-22. Equilibrium Distribution Coefficient Table for Tc Removal (WSRC-TR-2003-
00098, Rev 1) 

Tahir ~ ·2. Kt' fn" T frh".liu,n in A '''· In . A~I"al \YR,f. S. ,npl . 
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Figure 3-23. Breakthrough Curve. for SuperLig 639 on A W-lOl Wa.te (WSRC-TR-2003-
00098, Rev 1) 
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v) VITP-RPT ..(l24. Rev 0 (pNWD-3239). Radialion Stability Testing oj SuperLigifXj39 and 
SuperLi g®644 & sins. Battell e. Pacific Northwest Div1S10n. Ri chland. W ashington. 2003 

N o change m the SL-639 T c batch -equilibn um coeffici ent was obs erv ed until it was exposed 
to doses of gr eater than 107 R. and the changes w ere r el ativ el y minor even up to 10sK This 
result 1S Simdar to that reported In the prev10US radiol ym study by OJI (SR TC-BNFL-O 13) 
Concentr ati ons of benzene. toluene and xylene V OCs positivel y 1 dentifi e d m the gases 
generat ed from the SL-639 reSin mcreased with mcreasmg temp erature but there was no 
tr end W1th dos e. a, the baSiS of the resul ts from this report. the r esm would only begm to 
show Signs of detenorati on m perfonnance aft er 10.700 or 8.770 cycles procesSing envelope 
A or B LAW. respectiv ely 

w) VITP-RPT ..(l30. Rev 0, Small Column Testing oj & perLig® 639 jor Retmving wTcft'om 
Hanford Tank Waste Enwlope A (Tank 241-AP-10l). Battell e. Pacific Northwest D,v1S,0n. 
Richland. Washington. 2002 

Tank 24 1-AP-l0l dilute f eed1S treated to remove ""Tc on l ead/trad system 220 BV are 
tr eated with 50. 1 ~Ci/liter redu ced to 0.477 ~ Ci!l iter. which 1S over 99% removal . At end of 
220 BV 5.2% breakthrough of lead column and 0.5% breakthrough of lag col umn. An lm ti al 
DF of 230 was reporte d. AnalySis of the eluant shows that after 17 BV of flushing a C/C, of 
0.0 1 was achi eved. Testi ng was conSider ed a complete success 
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x) WTP-RPT-03l, Rev 1, Small Column Testing ofSuperLig 639 for Removing 99Tc from 
Hanford Tank Waste 241-AN-l 02 Supernate (Envelope C) Mixed with Tank 241-C-l 04 
Solids (Envelope D) Wash and Permeate Solutions, Battelle, Pacific Northwest Division, 
Richland, Washington, 2004. 

This report is about Envelope C feeds with very high organics and low TC04· percentages of 
the 99Tc present. It confirms that only the TC04· will be removed as per the design of the 
ligand of the SuperLig 639 resin. 

y) WTP-RPT-047, Rev 0, Chemical Degradation ofSuperLig® 639 Ion Exchange Resin, 
Battelle, Pacific Northwest Division, Richland, Washington, 2003. 

Work performed included 26 cycles of operation of a single SuperLig 639 column with a 
variety of 99Tc, N03· and N02· concentrations. The bed performance was hampered due to 
channeling for some of cycles. For this reason, not all test objectives could be met. 
However, data and conclusions reported show that there is no degradation by radiation or 
chemical attack over the 26 cycles (a result also shown by microscopic review of the resin) 
and no change in breakthrough curves or elution curves over the 26 cycles (other than issues 
with channeling). Breakthrough of 20-30% was seen at >200 BV in all cases where 
channeling was not significant. In elutions where channeling was avoided, 0.01 CICo was 
obtained in 10 to 18 BV elution. The spent resin after 26 cycles had 0.69 Ilglg 99Tc or 5.86 
mCi/m3

, which was reported as well below Hanford Site Solid Waste Acceptance. No 
toxicity issues were found in the spent resin. Nitrate and nitrite were found to compete with 
99Tc for resin sites. 

z) WTP-RPT-058, Rev 1, Small Column Testing ofSuperLig® 639 for Removing 99Tcfrom 
Hanford Tank Waste Envlope B (Tank 241-AZ-10l), Battelle Pacific Northwest Division, 
Richland, Washington, 2004. 

This report shows Envelope B 99Tc removal from Tank AZ-lOl waste. The results show the 
KdS holding or increasing for increasing nitrate to TC04· ratio, demonstrating the good 
selectivity of the resin. The 50% breakthrough point was 300+ BV, and the trail column 
maintained 0.1 % or less CICo for 300 BV. A 0.1 M NaOH solution was used to prepare the 
column for feed solution. It worked but was found to be low in total N a and hydroxide 
content for best performance. A 65°C de-ionized water elution was used, and the ratio of 
TC04· remaining on the resin was at 0.1 CICo at 9 BV elution and 0.01 CICo at 16 BV despite 
the influent having a low Co value. Performance of work was described as "progressed 
without difficulties". 
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4 CONCLUSION 

A literature search has been perfonned for work regarding the removal of 99Tc from Hanford's 
LAW using sorption media. Past work and SMEs were used to narrow the list to a manageable 
number for more thorough review. For final comparison the sorption media have been split into 
two logical classifications -- elutable and non-elutable. Sorption media have been evaluated 
based on technical development, with criteria for a 10 being 100% confidence of the media and 
system achieving all technical perfonnance requirements upon implementation. Safety, 
environmental and economic aspects of the media have not been included. Work perfonned and 
documented in the references focus on technical feasibility. Both economics and safety will 
ultimately playa large role in the selection of the process and sorption media to be implemented. 

The goal for the team was to rank the sorption media on the same scales, and then split them into 
two groups. The lower scores for non-elutable sorption media largely reflect the fact that the 
WTP path to 99Tc removal required the use of elutable sorption media. Therefore, far more data 
exists for deployment of elutable sorption media than for non-elutable sorption media with 
Hanford LAW feed. Except for perhaps the case of SuperLig 639, the scores are best used as a 
rough guide to those sorption media that will likely perfonn well based on knowledge gathered 
to date, and not as a tool to select a final resin for implementation. 

Rough rankings of elutable sorption media are outlined in 4-l. Due to previous work supporting 
the implementation of SuperLig 639 at WTP, it would be the clear sorption media of choice. 
Given that the system will not be implemented for some time, further investigation of ABEC 
2000 may show it to be an equal competitor to SuperLig 639. Both SuperLig 639 and ABEC 
2000 are elutable with water, making them more flexible for process flowsheet development and 
offering more favorable safety and environmental impacts. 

Rough rankings ofnon-elutable sorption media are outlined in 4-2. The economic impacts of 
non-elutable resins may be the main driver in final selection of sorption media. However at this 
stage very little is known about disposal and process requirements and sorption media costs. 
Therefore, differentiating based on economics is omitted from this ranking. It is thought that 
TAM may be more environmentally safe due to its inorganic composition, resulting in less 
potential generation of off-gas and the likelihood of meeting long tenn disposal requirements. 
The latter result will be dependent on the disposal criteria of the repository. The real issue with 
all non-elutable sorption media is the lack of testing on Hanford's LAW feed. Until the ability of 
non-elutable resins to selectively remove and hold 99Tc from a high ionic strength (>5 M Na), 
high pH (2: 12) solution is verified, the technical scores for these media will remain below those 
of elutable resins, where more development has been perfonned. 
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Table 4-1. Elutable Sorption Media 

TECHNICAL 

RESIN RANK COMMENTS 

(1 - 10) 

Expected to be less expensive than SuperLig® 639, but less capacity per 

ABEC®-2000 7 
load cycle, these two factors balance; Elutable with water, which is good 
for processing (allows evaporation to concentrate); 99Tc capacity less than 
SuperLig® 639), not much test data 

DOWEX J-X8 Elution with either 4M RNO) or ethylene diamine solution impacts cost 
RESIN 6 and safety; Good 99Ic removal, but nitrate addition to process via 4 M 
PROPERTIES RNO) elution adds processing issues 

ReillexHPQ 6 
Elutable with 8M RNO) or ethylene diamine solution impacts both 
economics and safety viability 

Extensive testing with Hanford DST wastes; expensive resin but can be 

SuperLig 639 9 reused for many cycles with reasonably high capacity per cycle; water 
elution does not add chemicals to process; extensive testing performed on 
Hanford's LAW 

Table 4-2. Non-Elutable Sorption Media 

TECHNICAL 

RESIN RANK COMMENTS 

(1- 10) 

Purolite A520E 5 Some testing has been performed on high pH tank waste. 

Purolite A530E 4 
Data shows it is very good at tying up 99I c. Recomm ended operating pH 
is below LAW pH 

ReillexHPQ 6 Assumes that the harsh elution environments required allow the sorption 
media to perform as a non-elutable. 

I AM - SnII Apatite 
Data shows it is very good at locking up 99Ic. Nearly all data is from the 

Microspheres 5 vendor. Work has been perfonned regarding waste form perfonnance. 
I c(VII) reduced to I c(IV) 
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Westinghouse Savannah River Company, Aiken, South Carolina, 1998. 

WSRC-TR-2000-00302, Summary of Testing ofSuperLig® 639 at the TFL Ion Exchange 
Facility, Savannah River Technology Center, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000. 

WSRC-TR-2000-00303, Rev 0, Demonstration of an Ion Exchange Resin Addition/Removal 
System with SuperLig® 659, Westinghouse Savannah River Company, Aiken, South 
Carolina, 2000. 

WSRC-TR-2000-00305, Preliminary Ion Exchange Modeling for Removal of Technetium from 
Hanford Waste Using SuperLig® 639 Resin, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000. 

WSRC-TR-2000-004l9, Rev 0, Small-Scale Ion Exchange removal of Cesium and Technetium 
form Envelope B Hanford Tank 24J-AZ-J 02, Westinghouse Savannah River Company, 
Aiken, South Carolina, 200 l. 

WSRC-TR-2000-00420, Intermediate-Scale Ion Exchange Removal of Cesium and Technetium 
from Hanford Tank 24J-AN-J 02, Westinghouse Savannah River Company, Aiken, South 
Carolina, 2000. 

WSRC-TR-2000-00424, Rev 0, Tank 24J-AZ-J02 SuperLig® 639 Technetium Ion Exchange 
Eluate Evaporation Study, Westinghouse Savannah River Company, Aiken, South 
Carolina, 2000. 

WSRC-TR-2002-00495, Rev 0, Evaluating the Effects ofTri-Butyl Phosphate (TBP) and Normal 
Paraffin Hydrocarbon (NPH) in Simulated Low-Activity Waste Solution on Ion 
Exchange, Savannah River Technology Center, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2002. 

54 



RPP-RPT-50l22 

WSRC-TR-2003-00098, Rev 1, Multiple Ion Exchange Column Runs for Cesium and 
Technetium Removal from AW-JOJ Waste Sample (U), Savannah River National 
Laboratory, Westinghouse Savannah River Company, Aiken, South Carolina, 2004. 

WSRC-TR-99-003l7, Qualification ofReillex™ HPQ Anion Exchange Resinfor Use in SRS 
Processes, William J, Crooks III, et. AI., Westinghouse Savannah River Company, 
Aiken, SC, 2000. 

WTP-RPT-024, Rev 0, Radiation Stability Testing ofSuperLig®639 and SuperLig®644 Resins, 
Battelle, Pacific Northwest Division, Richland, Washington, 2003. 

WTP-RPT-030, Rev 0, Small Column Testing ofSuperLig® 639 for Removing 99Tc from 
Hanford Tank Waste Envelope A (Tank 24J-AP-JOJ), Battelle, Pacific Northwest 
Division, Richland, Washington, 2002. 

WTP-RPT-03l, Rev 1, Small Column Testing ofSuperLig 639 for Removing 99Tc from Hanford 
Tank Waste 24J-AN-J02 Supernate (Envelope C) Mixed with Tank 24J-C-J04 Solids 
(Envelope D) Wash and Permeate Solutions, Battelle, Pacific Northwest Division, 
Richland, Washington, 2004. 

WTP-RPT-047, Rev 0, Chemical Degradation ofSuperLig® 639 Ion Exchange Resin, Battelle, 
Pacific Northwest Division, Richland, Washington, 2003. 

WTP-RPT-058, Rev 1, Small Column Testing ofSuperLig® 639 for Removing 99Tc from 
Hanford Tank Waste Envelope B (Tank 24J-AZ-JOJ), Battelle, Pacific Northwest 
Division, Richland, Washington, 2004. 
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6 GLOSSARY OF TERMS 

ACIDITY: An expression of the concentration of hydrogen ions present in a solution. 

ABSORPTION: The incorporation of a substance in one state into another of a different state 
(e.g. , liquids being absorbed by a solid or gases being absorbed by a liquid). 

ADSORBENT: A synthetic resin possessing the ability to attract and hold charged particles. 

ADSORPTION: The attaclunent of charged particles to the chemically active groups on the 
surface and in the pores of an ion exchanger. 

ALKALINITY: An expression of the total basic anions (hydroxyl groups) present in a solution. 
It also represents, particularly in water analysis, the bicarbonate, carbonate and occasionally the 
borate, silicate and phosphate salts which will react with water to produce the hydroxyl groups. 

ANION: A negatively charged ion. 

ANION INTERCHANGE: The displacement of one negatively charged particle by another on an 
anion exchange material 

ASH: The residual mineral content of resin after incineration at 8000 C. 

ATTRITION: The rubbing of one particle against another in a resin bed; frictional wear that will 
affect the size of resin particles. 

BACKW ASH: The upward flow of water through a resin bed (i.e., in at the bottom of the 
exchange unit, out at the top) to clean and reclassify the bed after exhaustion. 

BASE: The hydroxyl form of a cation or a compound that can neutralize an acid. 

BASE-EXCHANGE: The property of the trading of cations shown by certain insoluble naturally 
occurring materials (zeolites) and developed to a high degree of specificity and efficiency in 
synthetic resin adsorbents. 

BATCH OPERATION: The utilization of ion exchange resins to treat a solution in a container 
wherein the removal of ions is accomplished by agitation of the solution and subsequent 
decanting of the treated liquid. 

BED: The ion exchange resin contained in a column. 

BED DEPTH: The height of the resinous material in the column after the exchanger has been 
properly conditioned for effective operation. 

BED EXPANSION: The effect produced during backwashing: The resin particles become 
separated and rise in the column. The expansion of the bed due to the increase in the space 
between resin particles may be controlled by regulating backwash flow. 

BREAKTHROUGH: The first appearance in the solution flowing from an ion exchange unit of 
unadsorbed ions similar to those which are depleting the activity of the resin bed. Breakthrough 
is an indication that regeneration of the resin is necessary. 

BRINE: A salt solution, generally sodium chloride, in a saturated solution. 

CAPACITY: The ability of an ion exchange material to absorb ions; usually expressed in 
kilo grains per cubic foot or milliequivalents per milliliter. 
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CATION: A positively charged ion. 

CHANNELING: Cleavage and furrowing of the bed due to faulty operational procedures, in 
which the solution being treated follows the path ofleast resistance, runs through these furrows, 
and fails to contact active groups in other parts of the bed. 

CHEMICAL STABILITY: Resistance to chemical change that ion exchange resins must possess 
despite contact with aggressive solutions. 

COLLOIDAL: Composed of extremely small size particles that are not removed by normal 
filtration. 

COLOR-THROW: Discoloration of the liquid passing through an ion exchange material; the 
flushing from the resin interstices of traces of colored organic reaction intermediates. 

COLUMN OPERATION: Conventional utilization of ion exchange resins in columns through 
which pass, either up-flow or down-flow, the solution to be treated. 

CROSSLINKAGE: The degree of binding of a monomer or set of monomers to form an 
insoluble tri-dimensional resin matrix. 

CYCLE: A complete course of ion exchange operation. For instance, a complete cycle of cation 
exchange would involve exhaustion of regenerated bed, backwash, regeneration and rinse to 
remove excess regenerant. 

DEIONIZATION: A more general term than deashing, deionization includes the removal of all 
charged constituents or ionizable salts (both inorganic and organic) from solution. 

DENSITY: The weight of a given volume of exchange material, backwashed and in place in the 
column. 

DIFFUSION: The diffusion of ions through the ion exchange resin beads. 

DISSOCIATE: The process of ionization of an electrolyte or a salt upon being dissolved in 
water, forming ions of cation and anion. 

DOWN-FLOW: Conventional direction of solutions to be processed in ion exchange column 
operation, i.e., in at the top, out at the bottom of the column. 

DRY SOLIDS: The matter, usually expressed in weight percent, remaining after liquid removal. 

EFFICIENCY: The effectiveness of the operational performance of an ion exchanger. 
Efficiency in the adsorption of ions is expressed as the quantity of regenerant required to remove 
a specified unit weight of adsorbed material. 

EFFLUENT: The solution that emerges from an ion exchange column. 

ELECTROLYTE: A chemical compound that dissociates or ionizes in water to produce a 
solution the will conduct an electric current -- an acid, base or salt. 

ELUTION: The stripping of adsorbed ions from an ion exchange material by the use of solutions 
containing other ions in relatively high concentrations. 

EQUIVALENT WEIGHT: The molecular weight of any element or radical expressed as grams, 
pounds, etc., divided by the valence. 

EXCHANGE SITES: The reactive groups on an ion exchange resin. 
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EXHAUSTION: The state in which the resin is no longer capable of useful ion exchange; the 
depletion of the exchanger's supply of available ions. The exhaustion point is detennined 
arbitrarily in tenns of: (a) a value in parts per million of ions in the effluent solution; and/or (b) 
the reduction in quality of the effluent water detennined by a conductivity bridge which 
measures the electrical resistance of the water. 

FLOW RATE: The volume of solution passing through a given quantity of resin within a given 
time. It is usually expressed in tenns of gallons per minute per cubic foot of resin, as milliliters 
per minute per milliliter of resin or as gallons per square foot of resin per minute. 

FREEBOARD: The space provided above the resin bed in an ion exchange column to allow for 
expansion of the bed during backwashing. 

GEL: Ion exchange resins that are made up offinn gel structure in a solid bead fonn allowing for 
the diffusion of ions through the gel. 

HEADLOSS: The reduction in liquid pressure associated with the passage ofa solution through 
a bed of exchange material; a measure of the resistance of a resin bed to the flow of the liquid 
passing through it. 

HYDRAULIC CLASSIFICATION: The rearrangement of resin particles in an ion exchange 
unit. As the backwash water flows up through the resin bed, the particles become mobile. The 
larger particles settle and the smaller particles rise to the top of the bed. 

HYDROXYL: The tenn used to describe the anionic radical (OH-), which is responsible for the 
alkalinity of a solution. 

INFLUENT: The solution that enters an ion exchange unit. 

ION: Any particle of less than colloidal size possessing either a positive or a negative electric 
charge. 

IONIZATION: The dissociation of molecules into charged particles. 

LEAKAGE: The phenomenon in which some of the influent ions are not adsorbed or exchanged 
and appear in the effluent when a solution is passed through an under- regenerated exchange 
resin bed. 

MACROPOROUS: Resins that have a rigid polymer porous network in which there exists a true 
pore structure even after drying. The pores are larger than atomic distances and are not part of 
the gel structure. 

MONOMER: A single reactive molecule capable of combining with another different monomer 
to fonn a polymer. 

pH: The measurement of the acidity of a solution where 1 is very acidic, 7 is neutral and 14 is 
very basic. 

PHYSICAL STABILITY: The quality that an ion exchange resin must possess to resist changes 
that might be caused by attrition, high temperatures and other physical conditions. 

POROSITY: An expression of the degree of penneability in ion exchange resins to liquids and 
large organic molecules. Gel resins, even when referred to as highly porous, have a negligible 
porosity in comparison to the macropores inherent in the macroporous resins. 

58 



RPP-RPT-50l22 

POSITIVE CHARGE: The electrical potential acquired by an atom that has lost one or more 
electrons; a characteristic of a cation. 

QUATERNARY AMMONIUM: A specific basic group [-N(CH3)3+] on which depends the 
exchange activity of certain anion exchange resins. 

RAW WATER: Untreated water from wells or from surface sources. 

REGENERANT: The solution used to restore the activity of an ion exchanger. Acids are 
employed to restore a cation exchanger to its hydrogen form, while brine solutions may be used 
to convert the cation exchanger to the sodium form. The anion exchanger may be rejuvenated by 
treatment with an alkaline solution. 

REGENERATION: Restoration of the activity of an ion exchanger by replacing the ions 
adsorbed from the treated solution by ions that were adsorbed initially on the resin. 

RESIN: An insoluble matrix (or support structure) normally in the form of small (1-2 mm 
diameter) beads, fabricated from an organic polymer substrate. The material has highly 
developed structure of pores on the surface, which are sites with easily trapped and released ions. 

RINSE: The operation that follows regeneration; a flushing out of excess regenerant solution. 

SALT SPLITTING: The conversion of salts to their corresponding acids or bases by passage 
through ion exchange resins containing strongly acidic or strongly basic functional groups. 

SELECTIVITY: The difference in attraction of one ion over another by an ion exchange resin. 

SORPTION: Refers to the action of absorption or adsorption. Absorption is the incorporation of 
a substance in one state into another of a different state (e.g., liquids being absorbed by a solid or 
gases being absorbed by a liquid). Adsorption is the physical adherence or bonding of ions and 
molecules onto the surface of another phase (e.g., reagents adsorbed to solid catalyst surface). 

SWELLING: The expansion of an ion exchange bed that occurs when the reactive groups on the 
resin are converted into certain forms. 

THROUGHPUT: The amount of solution treated prior to the exhaustion of the ion exchange 
reSIll. 

UP-FLOW: The operation of an ion exchange unit in which solutions are passed in at the bottom 
and out at the top of the container. 

VALANCE: A measurement of the number of atoms or ions of hydrogen it takes to combine 
with, or be replaced by, an element or radical. In short, it is the number of positive or negative 
charges of an ion. 

VOID VOLUME: The space between particles of ion exchange resins in a settled bed, also 
called interstitial volume. 

WEAK ELECTROLYTE: The equivalent of weakly acidic or weakly basic resins not capable of 
splitting neutral salts. 

ZEOLITE: A mineral composed of hydrated silicates of aluminum and sodium or calcium. The 
term has been used, sometimes improperly, to describe softening done by synthetic ion exchange 
reSIllS. 
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ABEC 2000 

Aliquat 
(tricaprylm ethylamm onium 
chloride)TM13 

Amberlite™14 IRA-400 
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APPENDIX A SORPTION MEDIA REFERENCE MATRIX 

Table A-6-1. Sorption Media References by Feed Solution 

Not Selected 
for Review 

(SME) 

LA-12654, Rev. , Distributions of 14 Elements on 63 Absorbers rom Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
'Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

Selected for RR 196 New Technologiesfor Metal Ion Separations: Aqueous 
Review Biphasic Extraction Chromatography (ABEC). Part 1. Uptake of 

Pertechnetate 

Not Selected 
for Review 
(WTP 
Screening) 

Not Selected 
for Review 

(SEM) 

DE-AC21-97MC33137 Separation, Concentration, and X 
Immobilization of Technetium and Iodine from Alkaline Supernate 
Waste 

LA-12654, Rev., Distributions of 14 Elements on 63 Absorbers 
from Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

LA-12863, Distributions of 15 Elements on 58 Absorbers from 
'Simulated Hanford Double-shell Slurry Feed (DSSF) 

LA-12889, Distributions of 12 Elements on 64 Absorbersfrom 
Simulated HanfordNeutralized Current Acid Waste (NCAW) 

PNL-I 0750 Efficient Separations and Processing Crosscutting 
Program: Develop and Test Sorbents 

CONF -9505101--1 Batch Test Equilibration Studies Examining the 
Removal of Cs, Sr, and Tc from Supernatants from ORNL 
Underground Tanks by Selected Ion Exchangers 

X 

X 

X X 

X 

IX 

X 

X 

12 Duolite materials are trademarked products of Rohm and Haas Corporation, of West Philadelphia, Pennsylvania. 

13 Original product registrant was General Mills, of Minneapolis, Minnesota. Current registrant is Cognis IP Management GmbH Corporation of Duesseldorf, Germany. 

14 Amberlite products are trademarked by Rohm & Haas Corporation, of West Philadelphia, Pennsylvania. 

A-I 

X 

X These waste streams include actual Hanford tank waste from tank A W -I OJ, (a 
cesium decontaminated double shell slurry feed composite), three different 
Hanford tank waste simulants, actual waste samples from ORNL Melton 
Valley Storage Tanks W-29 and W-3, and waste simulant solutions from two 
British Nuclear Fuel (BNFL) locations-Capenhurst and Sellafield-in the 
United Kingdom. 
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Amberlite lRA-904 

Amberlite XE-238 

Not Selected 
for Review 

(SME) 

Not Selected 
for Review 

(WTP 
Screening) 

Azaphosphane-based resins Not Selected 
for Review 

Bio_Rad™15 AG l-x8 

Bio-Rad MSZ-l 

BiQuat16 RO-02-ll9 

BiQuat VP-02-217 

(WTP 
Screening) 

Not Selected 
for Review 

(SME) 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

,v~n". ' -j7Vj HH--l Batch Test Equilibration Studies Examining the 
/{eJ'11oval of Cs, Sr, and Tc from Supernatants from ORNL 
UndeJ"zroUl1d Tanks by Selected Ion Exchangers 

K/TCD-114l Removal ofTechnetium-99 from Simulated Oak 
Ridge National Laboratory Newly-Generated Liquid Low-Level 
Waste 

15 Bio-Rad products are trademarked by Bio-Rad Laboratories of Hercules, California, 

16 BiQuat materials are fonuulated by Oak Ridge National Laboratory in conjunction with the University of Tennessee, 

x 

A-2 

Simulated Oak Ridge National Lab Newly Generaged Liquid Low-Level 
Waste 



Boehmite, Synthetic aluminum Not Selected 
oxyhydroxide gel for Review 

(WTP 
Screening) 
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ABEC 5000 Selected for PNNL-13386 Technetium in Alkaline, High-Salt, Radioactive Tank X 
Review Waste Supernate: Preliminary Characterization and Removal 

RR 196, New Technologies/or Metal Ion Separations: Aqueous X 
iphasic Extraction Chromatography (ABEC). Part 1. Uptake 0/ 

Pertechnetate 

DE-AC21-97MC33137, Separation, Concentration, and X 
Immobilization o/Technetium and Iodine from Alkaline Supernate 
Waste 

PNNL-I1398, Technetium Removal Column Flow Testing with X 
I4 lkaline, High Salt, Radioactive Tank Waste 

X X 

WSRC-MS-98-00601, PretreatmenvRadionuclide Separations 0/ X 
Cstrc from Supernates 

X 

CONF-970148-3, Comprehensive Supernate Treatment D{ 

Activated Carbon 

Cross-linked Polyvinyl 
Pyridine 

Not Selected SGW-46453, Testing Guidelines for Technetium99 Adsorption on 
for Review Activated Carbon 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

X 

A-3 

D SSF and 3 CC wastes (AN-l 07, SY-lOI, ANS SY-l03) 

These waste streams include actual Hanford tank waste from tank AW -I OJ, (a 
cesium decontaminated double shell slurry feed composite), three different 
Hanford tank waste simulants, actual waste samples from ORNL Melton 
Valley Storage Tanks W-29 and W-3, and waste simulant solutions from two 
British Nuclear Fuel (BNFL) locations-Capenhurst and Sellafield-in the 
United Kingdom. 

D SSF/ AW-lOl 

ORNL wastes 

MVST W-29 supernate depleted in cesium and strontium and spiked with 
pertechnetate. 
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Crypt-DER17 

Dowex IX8 

Dowex2X8 

ForagerTM18 Sponge 

Iron Sulfide 

Not Selected 
for Review 

(WTP 
Screening) 

Selected for 
Review 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(SME) 

Not Selected 
for Review 

(WTP 
Screening) 

LANL20 
- Ti02/carbon beads Not Selected 

for Review 

(WTP 
Screening) 

K/TCD-1141 , Removal ofTechnetium-99 from Simulated Oak 
Ridge National Laboratory Newly-Generated Liquid Low-Level 
Waste 

K/TCD-1141, Removal ofTechnetium-99 from Simulated Oak 
Ridge National Laboratory Newly-Generated Liquid Low-Level 
Waste 

LA-12654, Rev., Distributions of 14 Elements on 63 Absorbers 
from Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

17 No trademarks or proprietary information located. 

18 Forager sponges and other Forager products are manufactured by Dynaphore, Inc., of Richmond, Virginia. 

19 ION-SIV products are trademarked by the Union Carbide Corporation, of New York, New York 

20 Formulated at the Los Alamos National Laboratory. 

x 

x 

x 

A-4 

Simulated Oak Ridge National Lab Newly Generaged Liquid Low-Level 
Waste 

Simulated Oak Ridge National Lab Newly Generaged Liquid Low-Level 
Waste 



Pw-olite A-520E 

Pw-olite A-530E 

Pw-olite A-532E 
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Selected for 
Review 

LA-12654, Rev. , Distributions of 14 Elements on 63 Absorbers 
'from Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
~upernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

LA-12863, Distributions of 15 Elements on 58 Absorbers from 
r>imulated Hanford Double-shell Slurry Feed (DSSF), Los Alamos 
National Laboratory, Los Alamos, New Mexico, 1994. 

LA-12889, Distributions of 12 Elements on 64 Absorbersfrom 
Simulated Hanford Neutralized Current Acid Waste (NCWA), Los 
Alamos National Laboratory, Los Alamos, New Mexico, 1994. 

ORNLlTM-13593, A Field Trial of Novel BifunctinalResinsfor 
Removing Pertechnetate (Tc04-) from Contaminated Groundwater 

Selected for RPP-RPT-39l95 Rev. 1 
Review 

RPP-RPT-23 1 99, Rev ° The Removal ofTechnetium-99 from the 
Ejjluent Treatment Facility Basin 44 Waste Using Purolite A-530E, 
Reillex HPQ, and Sybron IONAC SR-7 Ion Exchange Resins 

MSE-174, Development and Testing of a Portable Treatment Unit 
Tor Technetium-99 (Tc-99) in Groundwater at 200ZP-1 Operable 
Unit 

PNNL-1968l, Tc-99 Ion Exchange Resin Testing 

LA-12654, Rev., Distributions of 14 Elements on 63 Absorbers 
Trom Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

Environmental Science & Technology, 2000, 34, 1075-1080, 
Development of Novel Bifunctional Anion-Exchange Resins with 
Improved Selectivity for Pertechnetate sorption from Contaminated 
Groundwater 

Selected for RPP-RPT-39l95 Rev. 
Review 

x 

x 

x 

A-5 

x 

x 

x 

x 

x 

x 

Brine solution of 25 wt% mimicking the anticipated Basin 43 waste from the 
ETF 

ETF Basin 44 Reverse Osmosis (RO) reject stream 

Column and batch testing at the Mike Mansfield Advanced Technology Center 
(MMATC) using the perrhenate ion as a sillfogate for technetium-99 

Groundwater from well 299-W15-765 

Brine solution of 25 wt% mimicking the anticipated Basin 43 waste from the 
E TF 



Reillex - HPQ 
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Selected for K/TCD-114l, Removal ofTechnetium-99 from Simulated Oak 
Review Ridge National Laboratory Newly-Generated Liquid Low-Level 

Waste 

RPP-RPT-23 1 99, Rev 0 The Removal ofTechnetium-99 from the 
Ejjluent Treatinent Facility Basin 44 Waste Using Purolite A-530E, 
Reillex HPQ, and Sybron IONAC SR-7 Ion Exchange Resins 

PNNL-11386, Technetium in Alkaline, High-Salt, Radioactive TankX 
Waste Supernate: Preliminary Characterization and Removal 

PNNL-11398 Technetium Removal Column Flow Testing with 
Alkaline, High Salt, Radioactive Tank Waste 

CONF -9505101--1, Batch Test Equilibration Studies Examining 
the Removal ofCs, Sr, and Tcfrom Supernatantsfrom ORNL 
Underground Tanks by Selected Ion Exchangers 

LA-12654, Rev., Distributions of 14 Elements on 63 Absorbers 
from Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

LA-12863, Distributions of 15 Elements on 58 Absorbers from 
Simulated Hanford Double-shell Slurry Feed (DSSF) 

LA-12889, Distributions of 12 Elements on 64 Absorbersfrom 
Simulated Hanford Neutralized Current Acid Waste (NCWA), 

x 

WSRC-MS-98-0060l, PretreatinenvRadionuclide Separations of X 
Cstrc from Supernates 

WHC-SD-WM-TI-718, Technetium Removal: Preliminary X 
Flowsheet Options 

CONF-970l48-3, Comprehensive Supernate Treatinent 

WHC-SD-WM-TI-699, Rev. 1, TechnicalBasisforClassification 
of Low-Activity Waste Fractionfrom Hanford Site Tanks 

Environmental Science & Technology, 2000, 34, 3761-3766, 
Development of Bifunctional Anion-Exchange Resins with 
Improved Selectivity and Sorptive Kinetics for Pertechnetate: 

X 

X 

X 

X 

X 

X 

A-6 

X 

X 

X 

Simulated Oak Ridge National Lab Newly Generaged Liquid Low-Level 
Waste 

ETF Basin 44 Reverse Osmosis (RO) reject stream 

DSSF and 3 CC wastes (AN-l 07, SY-1Ol, ANS SY-l03) 

DSSFI AW-1Ol 

MVST W-29 supernate depleted in cesium and strontium and spiked with 
pertechnetate. 

DSSF simulants 



Reillex 402 

Reillex HP 

n++ apatite 

Sr _SPECTM21 

Steel Wool 

SuperLig 639 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

Selected for 
Review 

Not Selected 
for Review 
(WTP 
Screening) 

Not Selected 
for Review 
(SME) 

Selected for 
Review 
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ents 

CONF-95051Ol--l , Batch T: 
the Removal of Cs, Sr, and 

nderground Tanks by Sele 

est Equilibration Studies Examining 
Tcfrom Supernatantsfrom ORNL 
cted Ion Exchangers 

K/TCD-114l, Removal ofT: echnetium-99 from Simulated Oak 
Ridge National Laboratory Newly-Generated Liquid Low-Level 
Waste 

Vendor Questionnaire 

sessment of Technetium Leachability in RPP-RPT-39l95 Rev. 1,As 
Cement-Stabilized Basin 43 Groundwater Brine 

Testing of "Getters "for Adsorption of PNNL-14208, Selection and 
Iodine-129 and Technetium -99: A Review 

ns of 14 Elements on 63 Absorbers 
ns (Acid-Dissolved Sludge, Acidified 

II 
II 

LA-12654, Rev., Distributio 
from Three Simulant Solutio 
Supernate, and Alkaline Sup ernate) for Hanford HLW Tank 102-SY 

K/TCD-114l, Removal ofT: echnetium-99 from Simulated Oak 
Ridge National Laboratory Newly-Generated Liquid Low-Level 
Waste 

: 1,383 - 394,2005, 'Column Science and Technology, 40 
Performance Testing of Sup 
Hanford Waste Supernates: 

erLig® 639 Resin with Simulated 
Identification of the Primary Sorbing 

Species and Detailed Chara 
Profiles', Separation 

cterization of Their Desorption 

PNWD-3004, BNFL-RPT-O 
SuperLig 639 for Removing 
Envelope A (241-AW-101) 

16, Rev 0 Small Column Testing of 
Tc-99 from Hanford Tank Waste 

X 

II 

X 

X 

? 

X 

X 

21 Sr -SPEC is a trademarked product of Eichrom Industries of Darien, Illinois. 

A-7 

II 

X 

X 

Simulated Oak Ridge National Lab Newly Generaged Liquid Low-Level 
Waste 

"WTP Recycle surrogate and AN-104 Surrogate" 

Sirnulant Basin 43 waste with concentrated brine consisting of approximately 
i25 weight percent salts. 

Groundwater matrix and concentrated sodium salt solution. 

Simulated Oak Ridge National Lab Newly Generaged Liquid Low-Level 
Waste 
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PNWD-3028, BNFL-RPT-022 Rev. 0, Small Column Testing of X 
Superlig 639 for Removing Tc99 from Hanford Tank Waste 
Envelope C (Tank 241-AN-1 07) 

WSRC-MS-2000-00499, Comprehensive Scale Testing of the Ion X 
Exchange Removal of Cesium and Technetiumfrom Hanford Tank 
Wastes 

WSRC-TR-2000-00420, Superlig 639 Intermediate - Scale Ion X 
Exchange Removal of Cesium and Technetiumfrom Hanford Tank 
AN-1 02 

WSRC-MS-2003-00792, Column Performance Testing of SuperLig 
639 resin with simulated Hanford waste supernates: identification 
of the primary sorbing species and detailed characterization of 
their desportion profiles 

WSRC-TR-2000-00419, Small-Scale Ion Exchange Removal of X 
Cesium and Technetiumfrom Envelope B Hanford Tank 241-AZ-
102 

WSRC-MS-2001-00760, Technetium Removalfrom Hanford and X 
Savannah River Site Actual Tank Waste Supernates with SuperLig 
639 Resin, Westinghouse Savannah River Co., Aiken, South 
Carolina, 2001. 

WSRC-TR-2000-00302, BNF-003-98-01S3, Summary of Testing oj 
SuperLig® 639 at the TFL Ion Exchange Facility, Savannah River 
Technology Center, Westinghouse Savannah River Company, 
Aiken, South Carolina, 2000. 

WSRC-MS-2001-00S73, SuperLig® 639 Equilibrium Sorption X 
datafor Technetiumfrom Hanford Tank Waste Supernates, 
Westinghouse Savannah River Company, Aiken, South Carolina, 
2001. 

X 

X 

X 

WSRC-TR-2000-00303, Rev 0, Demonstration of an Ion Exchange X 
Resin AdditionlRemoval System with SuperLig® 659, 
Westinghouse Savannah River Company, Aiken, South Carolina, 
2000. 

WSRC-TR-2000-0030S, Preliminary Ion Exchange Modelingfor 
Removal of Technetium from Hanford Waste Using SuperLig® 639 
Resin 

A-8 

AN-103 salt solution and AN-lOS simulant spiked with rhenium 

Envelope C salt solution from Hanford Tank 241-AN-102 

Envelope B salt solution from Hanford Tank AZ-102 

AN-I 03 

AN-103, AZ-102, and AN-102 

Demonstration of slurry transport of resin media; SuperLig 659 was used in 
place of SuperLig 639. 
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WSRC-TR-2002-00495, Rev 0, Evaluating the Effects of Tri-Butyl 
Phosphate (rBP) and Normal Paraffin Hydrocarbon (NPH) in 
Simulated Low-Activity Waste Solution on Ion Exchange 

WTP-RPT -024, Rev 0, PNWD-3239, Rev 0, Radiation Stability 
Testing of SuperLig®639 and SuperLig®644 Resins 

BNF -003-98-0219, Small-Scale Ion Exchange Removal of Cesium X 
and Technetiumfrom Hanford Tank 241-AN-I 02 

X 

PNWD-3251, WTP-RPT-026Equilibrium Batch Contact Testing of X 
SuperLig 639 

PNWD-3222, WTP-RPT -030 Rev 0, Small Column Testing of X 
SuperLig 639 for Removing Tc99 from Hanford Tank Waste 
Envelope A (rank241-AP-IOI) 

PNWD-3252, WTP-RPT -031, Small Column Testing of Superlig X 
639 for Removing Tc99 from Hanford Tank Waste 241-AN-I02 
Supernate (Envelope C) mixed with Tank 241-C-I04 Solids 
(Envelope D) Wash and Permeate Solutions 

PNWD-3345, WTP-RPT -047, Chemical Degradation ofSuperlig 
639 Ion Exchange Resin 

PNWD-3281, WTP-RPT -058, Small Column Testing ofSuperlig X 
639 for Removing Tc99 from Hanford Tank Waste Envelope B 
(rank 241-AZ-IOI) 

PNWD-3037, BNFL-RPT -028 Rev. 0, Analysis of SpentIon 
Exchange Media: SuperLig 639 and SuperLig 644 

BNF -003-98-0230, Intermediate-Scale Ion Exchange Removal of 
Technetiumfrom Savannah River Site Tank 44 F Supernate 
Solution 

BNF _ 003-98-0140, Evaluation of SuperLig 639 Ion Exchange 
Resinfor the Removal of Rhenium from Hanford Envelope A 
Simulant 

SRTC-BNFL-013, Evaluation of Radiation Stability ofSuperLig 
639 

X 

X 

X 

X 

X 

A-9 

Testing the influence of two organics, TBP and NPH, on SuperLig 639 
performance. 

Simulated LAW based on AN-lOS 

samples from Tanks 241-AW- 101 and 241-AN-l 07 



SybronTM!2 lonac SR-3 

Sybron lonac SR-6 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 
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WSRC-TR-2000-004 24, ART -RPP -2000-00024 Tank 2 41-AZ-1 02 X 
Superlig 639 Technetium Ion Exchange Eluate Evaporation Study 

WSRC-TR-2003-00098, Rev I, (SRT -RPP-2003-00026, Rev I), X 
Multiple Ion Exchange Column Runsfor Cesium and Technetium 
RemovalfromAW-101 Waste Sample (U) 

PNWD-2467, BNFL-RPT -009, Ion Exchange Distribution 
Coefficientsfor Cs137 and Tc99 removal from Hanford Tank 
SupernatantsAW-101 (Envelope A) andAN-107 (Envelope C) 

X 

WSRC-MS-2003-00789, Multiple Ion Exchange Column Testsfor X 
Technetium Removalfrom Hanford Tank Waste Supernate 

BNFL-RPT -022, Rev. 0, Small Column Testing of Superlig 639 for X 
Removing 99Tcfrom Hanford Tank Waste Envelop C (Tank 241-
AN-1 07) 

BNF-003-98-0146, Rev. I, Small Scale Ion Exchange Removal of X 
Cesium and Technetiumfrom Hanford Tank 241-AN-103 

LA-12654, Rev., Distributions of 14 Elements on 63 Absorbers 
Trom Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
'Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-Sf 

LA-12863, Distributions of 15 Elements on 58 Absorbers from 
'Simulated Hanford Double-shell Slurry Feed (DSSF) 

LA-12889, Distributions of 12 Elements on 64 Absorbersfrom 
'Simulated Hanford Neutralized Current Acid Waste (NCWA), 

LA-12654, Rev., Distributions of 14 Elements on 63 Absorbers 
from Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-Sf 

LA-12863, Distributions of 15 Elements on 58 Absorbers from 
Simulated Hanford Double-shell Slurry Feed (DSSF) 

X 

X 

X 

X 

X 

X 

22 Sybron materials are trademarked products of Sybron International Corporation of Milwaukee, Wisconsin. 

A-1O 

AW-IOI sample 
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Sybron Ionic SR-7 

TEVA23 

f RU-SPEC24 

Zero-valence Iron 
filingsibeads 

Not Selected 
for Review 

(SME) 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

Not Selected 
for Review 

(WTP 
Screening) 

LA-12889, Distributions of 12 Elements on 64 Absorbersfrom 
Simulated Hanford Neutralized Current Acid Waste (NCWA), 

RPP-RPT-23 I 99, Rev 0 The Removal ofTechnetium-99 from the 
Effluent Treatinent Facility Basin 44 Waste Using Purolite A-530E, 
Reillex HPQ, and Sybron IONAC SR-7 Ion Exchange Resins 

LA-12654, Rev. , Distributions of 14 Elements on 63 Absorbers 
t om Three Simulant Solutions (Acid-Dissolved Sludge, Acidified 
'Supernate, and Alkaline Supernate) for Hanford HLW Tank 102-SY 

23 No trademarked or proprietary information located. 

24 No trademarked or proprietary information located. 

x 

A-II 

iETF Basin 44 Reverse Osmosis (RO) reject stream 
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APPENDIXB VENDOR INFORMA nON 

Figure B-1. ABECTM 2000 Page 1 

InOu~nt 

pH Range ?:12 

Viscosity of Feed 1-20 cP 

S~lfk Gra\;ty I 10 1.46 

Resin Typ e 

Inorganic Yor ;",OI Orlp inir 

"""", YESorN-Orga nic 

If Known for P f rtfchnH;U f (TeO.r) RelDo\'ai 

V~dor 
Depends an othet" analylf cOIlcenuations but Unpro\-es 

with higher cOllC~liOll of anions 

wrP~si.n 
Kd: 141-160 ml/g 

Scr~g 

PreSl!'nlallan ;\50: 4O-6OBV at lOBV!hr 

,~ 

IY'" 
~A"" 

~ -.. ' ",~,y.u ._. ___ __ '-;''' 

Kd [Te] ,,-
DE-AC21- & 

97MC33137--43 • 
~. 

-~ , ANO ... --
~ - ,- ,- ~ ,. - - -~-~LoIoo_ .... ..po. (, ...,I) 

RR- 196 
Highest Ow of 410 was obtoUned fOl" ABEC 1000 rw-

testing ofHanfOfd waste wlth SY -101 waste, 

SeJ«rivi ty to I e 
~ ruin has good ~I«ti\;ty for Tc(VII) 

bul \\-ill C~lttraCI rand Re(v rr) 

Poisons 
Reducing .sealS capable of reducing Tc(VII) ",;II reduce the Tc(IV) which 
will not be relliotd by the resin 

Equi\l\lenw1. 0.8 moles I L 

Resin Properries 

Prqlanltion P'roceifuce 
ABE@ reSUI. should ~ precoodttiooed with ill basic solution of siwililf 

molarity prior 10 loading Was;I~ solutions 

Radiological Stability There is potffl(i:t1 for CO, ~\"Olution from radiol)'$is ofth~ r~in 
andfO£ Gas ~tion 

BN VoJun=; ~ Hour 
Estimate 45 - 60 bed \"olumes per bour. 

Operation 

Particl~ Size R« ouunend 30-60 ~sb bead size 

B-1 
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Figure B-2. ABECTM 2000 Page 2 

Elutabl~ YISorN 

Eluant Waf~r, ditulr ~line or dilu~ acid 

Storage, Shelf Life 
Anticipate greater dian 2 yea", of shelf life 

under en\'ironmemally controlled conditions. 

HlIJldting Resin will shrink and swell up to 3~~ depmding on ionic strength of solutions 
Sp«:ifu:atioru pa$~ through the f6in~. 

Loading Cycles 
EstimoJle 20 loading eyries for thr rain bul actuall~5Ult5 will ~w1ing 011 

thr effects of radio lytic damage 10 the resin.. 

Resin Density (weight 0.8 glruL in HlO and 1.1 glmL in 6M KOH 
~ unit volume) 

pH ~ting range pH610 14+ 

T ~run CIpffiItmg lOoe _ 50°C 
range 

Cost per Pound (or ft; See anached quotation 

Ability 10 supply Will r~~ suiI' up ~\~Iopmenl 
amounts of ::! 2000 Ibs but is technological possibloe. 

Vendor: Eichrom Technoloe:ies llC. l~h·, Il Resin: ABEC .... 2000 

Cont<lct NameJ Phone/ fmail :_Terenct O'Brien, 63().-963'()320, tQbri!::n@eishr2m.{Qm 

B-2 
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Figure B-3. DO\VEX® l-X8, Aldrich® Page 1 of 3 

Ion Exch:lnge Resins : CI3Ssific311on :lnd Prop.nfes 

100 e)(~ resm;n hOtlY ionic, covaIenIIyaoss .. Unked, 
ilsoIubIe poiye1ectroiyte supplied as beads. The beac2s 
hom! eittEr a dense -.lemal structm!wi1h no discrete IXJ!l!!i 
toe! resins, also called mlcroporous resins) or a porous, 
multichanneled structure (macroporow or macroreticular 
resins). They are commonly prepared from styrene and 
Yanous levels of the ~inkflg agent divinyl benzene, 
whldl tontro/s the porosity oIl11e particles. Porolr.i beads 
can be made also by addilO homopot)'strene, YAlIdl Is 
soluble in II1e monomer mixtUre, 30d leachin!l it out later 
WIth, toluene, lor ml3nre. The PS-Dva precursor beads 
are post-h.nctJonali~ed to yi!!IcI the IWlished res.!_ AI;ryIic 
baSed,lon extl1arJge res&IlS are also available {see Table Il. 

These Ionic po/ymef'S COfIIain two types of ims, those wf1ictI 
are boI..nd withil \he structure and the oppositely charged 
counter ions Whith afe free. The property of ion exchange 
is a consequence of Doonan exdu5iOn-when the feWIlS 

Immersed In a medium in whICh ills insoIIJbIe, the counter 
ions are mobile and can be exchanQed lor other counter 
ions tum the SU'TO'.fldilg medium: ions of the same type ot 
thal9E! as the bculd ions do IlOI have free movement into 
and out of ItIe polymer. Ion exd'l3oJe resins Mve been 
classified based on ttle charge on the exchangeatlle 
IXU1teoon (cation exchangerOf anion exd\3ooef) and the 
Ionic strenottl of the bI:uId Ion (stronl;j exchanger or weak 
exd'langerl_ T11tIs, there are lour primary types of ion ex
thange resins: 

, _ Strong cation exchange resalS, cootamJg sulb\ic aCId 
groups or the conespondno satts_ 

2_ weak catial exctJanve resI'Is. CXlI'C.Iing cartx:!JcyIit aad 
groups or !he correspondno salts_ 

3_ Strong anion exchange resins, tontan'W'Ig ~r1em3rv 
301T'IOI1l.Im~ Of Ihese.Ihefe are fWO typeS:l'ype I 
resins contain trialkyl ammooium chIofide or tlydroxide 

and Type II resins contalfldialkyl2~~ a~ 
nium cNorideor~ 

4. Weak anion exctlange resins, con!aininQ ammonium 
chloride ~hydroxkie. 

AddiIionaII)'peS of Ion extharoOe res.ns include blends of 
cati:lf1 and anion exchanoe resns , called rrnet1 bed feSins. 

A. resinwhich contains 00It131l anion and a cation as boood 
ions is said to be amphoIytic. Some Ion exchange resins 
are prepared with che/:Jllngpmpertle$ makIn;J litem tlll,Jhl"f 
seIedi'Ie to.Yards cenain Ions. In addition to their use in ion 
exchange, oroank: ~ supports, many of 'Mlich are 
based Of! PS-OVB resins, are being U5ed as polymeric 
carillysls In the expandmg research area involving 
hetero}erllation r:l1DTlOc,jemUs~.m as JX)Iymerjc 
supportS and reagents in canbinatortal chernisIJy. 

The internal structure r:lthe resin beads, Le., Whether 
micn:lporous (gel-type) or macroporous, is inlporUnt in the 
selection of an Ion ex~. Macn.JPOfOUS fl!SIflS. with 
their hiOh ellecwe surface area, lacltitale the Ion exchange 
process. Also. they glve access to the exct\anlJe sites tlr 
taroer Ions, caro be U5ed with almost any solvent, irrespec
tive of Whether it is a good solvent for the oocrosslinked 
polymer, and tal«! up the SQlvent with tittle or no d"Iange in 
volume. They make more 0gId beads, lacilitatno ease r:l 
removal from tile reaction system. In tile case of the 
microporou5 resins, since they IIaYe no tiscrete pores. 
sotute ions diffuse throu9h the partic le to interact with 
exchange sites. Despite dlfTusionallimitallons 00 readlon 
rates, these resins oner certain adVantages: they are less 
fragile , requiring less care in hand~ng , react laster in 
fuoctionalization and appIk.aIions reactions, and possess 
higher Ioatjng capacities. 

In additioI1 10 being a runction of bead 111OI'"Jl/lC*I9. the 
klnelics of the exchange depends on the particle size 
distributionofthe resin.. It is enh3ote<l by a mooodi~ 
resin. tlr exa.mple. see the Mara~ and Ambeljetft 
r~s In Table I: they permit laster elution and regenemtion 
timeswrth reduced I:IadlpresslJre. 

To help you se lecl an exchanger or combination of 
exCl\an98fS, Table I PfCM(Ies a compib tion of Jon exchange 
msRI o!Jefed IJ'I Aldrich. classified IJ'I type, as dellnedaboYe, 
alon g w ilh charac teristics o f each resin such as 
particle s ize. functional group , ionic form (i.e ., tile 
counterion). exthange capaCIty. and oper;ltno conditions. 
For ackitionaI inilrmalion on Ion exctwtoe resins !rom Ald
rich, please request Aldrich !ethnical Bullelin Al ·14Z. 
For 3ddtiooat informaIJononpotymeric SI.4lI)Orts, ptease Iefef 
to the ADpo\!:;Worp $ectJon. 

Table I: Classification and PrOperties of Numer01.ls Ion Exchange ReS ins offered by Aldrich 

c.t...., E>!~ ............ _ IIe<.hI Ionic .. M.n.Op T_~~ pH~ Iinbou ___ f_ __ T..,.,. 'C 

Slroog Calion EJlchlJllgers on Polystyrelle 

-~ " 12DO(H) 

28 • Polymer Producu from AJdnch 
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Figure B-4. DO-wEX® l-X8, Aldrich® Page 2 of 3 
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Figure B-5. DO-wEX® l-X8, Aldrich® Page 3 of 3 

Table I: Classification Mid Properties 0 ' Numerou!l1on Exchang.e Resin~ offered by Aldrich [continued) 

c.o. .... ~ ... .......- _ ' ~ _ ... --0,. T_-"~ pt4~ .""'0 _ ..... roO. ....... ur.. To-.>-"C 

Mixe(1 Bed R~lm on PoIysryr_ 

0..-.0 .a;"..., 80<1 """'" 
."". ~ G - ".~ ~ ~ " ... 
!.i.m:! -~ G ,~, ".~ M ~ 

" 
... 

- "iOa_ G ~ '" .. ~ '" ~ ... 
CheialinQ Re5ins 
_" ( __ Ad<I\ 

1RC-7I8 ". ,~ ~ M " •• 1.~'4 

• ,. .. 

'0 - pi (Of_~ "P -_I"' __ ......... ---'_. __ DIIDIIO __ -.. . ___ co. 

_"-__ .. ~_.ot",,* ~_<:o. 

30 • Polymer Products from Aldrich 
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Figure B-6. DOWEXTM l-X8 Cost from GFS Chemicals (supplier/non-bulk) 

More ""arID ootlons 

penodK Table Search MSDS Search structure search 

Alphabdical ~arch:!!, II l: ll. f f ,. Ii I 1 -" 1 11 M Q !' Q S S. I Ii 'i 'tl X '!: Z. 

Chemica l Marlulacrure.- of Laboratory Reagents, Sulk InOroarlKS and OroarlKS lor Process Chemistry SirlCe 191 8 . 

You or. horo: Home n Analyli ca l ~ ~ Sel'arat ion s Media ~~ D OW EX~ lX8 - 100 

Ildej CHEMICALS 

Item.fll:1671 

Product Ufl" Irl/ormatiorl 

Ask ttl" Olffnist 

Cernftcates 01 An a lysis 

Request .. Product 
Catalog 

Gf S d e mlCil l, Product 

"""" Pr e -View 

No Item 

DOW EX ® l X8- 100, AN1!oN- EXCHANG E RESIN 

o\l IAMPL. c. 

F.W. : 

S l>ecifi c G ra~ ity: OOT:NR 

Desaiotiofls: Type I stronQ base anion exma,oe re"" woth 8% Cfoss -liflkinll; mlonde ,on 
lorm; 50-100 mesh . 

It e m 

SKU Price Qu.mtlty 

100 G 

88642 $248 .60 SOO G 

Bulk Quantitv R"Quut 

Specifi c~l ion 

,,~ 

l. Wet vo'ume O>IP~(Jty, C. form 1.2 meq/ mL min. 

<. Wote r retentlan COp~Clty. CI form " 3 · 48"1. 

3. Portide ."e on 3S mesh 1S% mHo 

~. Portide <ize throu~h BO mesh IS "'. mox . 

Pro!>" rli .,. 
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Figure B-7. DOWEXTM l-X8 Supplier Information 

Ion Exchange Media 

DOWEX" Ion Excl\angB ResIns 

~ nISlns 1<9....- 01 $phQtlCII PIf\iC!II$. Tho! bOr\iIIiI 
kI' II1II ..... ill ~ __ ""-CIWIgo prtX:QI5I. """ 

Ia oQIllTlAllbw.1I'o'OugI'o ~ tM; ..... oil!»"""'" --'No otkN • m.d r.-q;> d DONEl(O'" ~ Iorlion 
-CIliI:q~""'" pMIdI ..... _ ......... 
pIIticIt _ ~ (50. 100 mesh. 100· 200 II"'""-
2m • «lO ...... In IdItaDn. anoIytic.II ~ qudbas 
aI DOWEX" ............ 1IiIabIe. n- pnKb:ts ... 
1ftDI_1rtm aIgNiIllClYr9" l~ ~l 
.-., "*'-'II_ proprIIII:Ify ~ ~ b7 us. 

DONo- l · anion wd .. ~oftw-~ oIronIIIr basic< 
A_algooIlon~_on$~ cop:A",,",_ or IypIl ~ t> U.S. Food ~ 
~.R8I.l.?1.1108 

So.c>PIed bm 01 d tIONElfI--",,_ 
• pr.a.~ .a- """, 

.~~_Cl bm 
MIuIun 'MlIIIi1g1 ____ "" II ~_ ..... ... 
• eo "C (1'*0 -F) b' CI lam 
• .00 'C (104 'F) for OH bin 
For _CIUIlor ions .... iroqI.a b' speaaI_ ---OOWEJt-SOW . ........ ~ -.gtyildck; 
SpIwicaI-' ~ poIystyr8no( 1M! maInII. 
SIQ:IIirIO Iorm 01 .. oov.uo 50 W rQSns; 

• praa • H" torm 
.~~. N1·1crm 

fO' _ COII:1Ior ocn pioGo> irq.jno lor "Il"CioI_ -
. DOWElI"' l lC2 jSG-10C1 ....... p-oot. 
~M_ --"''''''\--"""",..... .,,-
~ _0.'_ 
..... ..,DJOIi ....... """"""".-.. """""""""'~-....-

. OOW£X- 1J(2(SG. l00 ....... __ .
~M_ --""""\---.... .,,""" cc-III' .. G.I_ 

....... I>I*V •• ~.~.~;::==t==~ 
~- -.,.,,'" "'0 .. "',... .... 
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DOWExt' Ion Exchange Resins 
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~1:-~~~ .. ~.~===r====~:::~: 1 

.DOWD:· l XtC50- 1OO~ __ 
~~ ___ '"WOl ___ ca..... . .. _ c.--r _ ...... 
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Figure B-S. Purolite™ A-520E 

V~ndor: __ Th~ Puro lit e Com pany 

Contact Name/ Phone/ Email:_St eve Soldat ek 

Influt nt 

pH Range > 12 

Viscosity of Feed 1-20 cP 

Rfsin T~l>t 

loorganic No 

Organic YES - Purolite A520E 

If Known for PUIK hut t a lr (T cO") JU.moral 

Kef (Tc] 

~lecti\ity 10 Te 

PoisollS Competing anions (504, Cl HC0 3. NOl, U) 

Equh"alentsIL 0.9 eql1 min.. 

R f'sin P r op rnirs 

PTqlaration ProcedUl:e Bacbn sh 10 classify bed and men ~ 

Radiological Stability awlIoz- Gas G~atiO:D 

Bed VolUllles ~ Hour OpHation D~ on cODC~atiOD of competing anions 

Particle Sin 300 - 1200 micron diameter 

Elutable No 

EIu.u>, No 

Siorage, Shelf Life 5 ye ars 

Handling SpKifications 

Loading Cycles Single u se disposable w;in 

Rrsin ~ity (wnght ~ unit vol~) 675 105 gfJ 

pH opt"r.1rinE range 0 _ 14 

T~peralUU ope:raling range 5 - 6OC 

Cost per Pound (or ft ') 

Ability to supply amoutltt of ?: 2000 Ibs y" 
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Figure B-9. Purolite™ A-530E 

Vendor: __ The Purolite Company ________________ _ 

Cont.,ct Name/Phone/Email:_Steve SOldlltek, _____________ _ 

lnflU~U I 

pH Rao.SI!' ~ 12 

Viscosity of F~ 1-20 cP 

R.t~ in Typ e 

Inorganic No 

"'-, YES - Puroli~ A530E 

If Known for P tl"lf1: hnr lalt (T rO-n Remonl 

Kd [Tel 

SeIKtivitylo Te 

Poisons Competing antOOS (504, Cl He03, NOJ, U) 

Equinlmlsll 0_6 ~11 min. 

Resin Proptrtit.s 

Pr~MaliOD Procedure Backwash (0 classify ~d and Ibm ~ 

Radiological Stability andfor Gas GtIlenrion 

Bed Volumes ~ Hour Opention Depend~ on concentration of compc'ting anions 

Particle SiH' 300 - 1200 micron di~lfi 

Elu!able No 

Eluanl No 

Sionge. Shl!'lf Life .5 )'l':lf'i 

Handling Spe-cificatious 

Loading Cycles Single use disposab~ resin 

Resin Demity (weight pet" unit volume) 670 W1 
pH opernring r.tnge 0- 14 

T~alUu' ~ting nmge '-6OC 
Cost pet" POUlld (or ft) 

Ability to supply amoUllIS of~ 2000 tbs Yes 
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Figure B- IO. Reillex™ HPQ (from VertelluS®) 

TYPICAL PROPERTIES 
REILLEXTM crossllnked poly-4-vinylpyridlnes 

8ciUexnl 402 Relllcx™ 42S ReUlcx"" HP RemCA no HPO 

Appeanmce granular powder spherical beads spherical beads spherical beads 

Weak Base 8.0 <qI'<g dry 6.0 ",/kg dry 6.0 eqlkll dry NIA 
C.paclt)' 1.7 eqIl wet 1.7 eqI1 wet 

Stronl Base • one .... 00"' 4.0 eqIIcg dry (min) 
Capacity 

Water (%) 10lIl max... -509& -- --
DVD (") 2 25 25 25 

Purtlde SIze -60/+200 -181+50 -30/+60 -30/+60 
(U.s. Mesh) 

nulk Density 
(K&sIII'j 

- 27.2 26.2 2.5.2 

A n rage Pore non. 4SO 600 600 
Siu CA) 

B-IO 



RPP-RPT-50122 
Appendix B - Sorption Media Reference Matrix 

Figure B-ll. SuperLig® Vendor Information (page 1 of 3) 

lme: Mon. 25 A~ 2011 13:01:21·0600 
From: rtny;njng""ihcmrtrom 
To: ~I:t.an~ ibcmrt.rom; Rd __ <XlI_A_RobbindtrL&O" 
Subject: Tc and SUp!'fU gR 639 Qu<'Slions 

TIr. following is an ans""r 10 your q~lions_ PIeali' noll: 11131 IHCdot'S not have a ropy of tb- data reporu: for tb
SuperLigR 6)9li~ _do for II least som: ofLhl.' SupcrLigR ~ ICsting for C!. I~na. much of LhL' infomllUoa " 1: 

do not have tlr abil ity to roo you the ft.'poI1S IOgO"1.' )'OIl bad: up gnphs. etc. This inforllllliion Iw been 
cofrunmkali:d lOW: l~ly by showing us data without gi'>ing us copies of reporu, etc. Pm\ap:IlOme of tJr sc 
Il'poru are now public. WI.' .... ou\d re IIappy toromnrnt on Any ofllr reports you might h3ve or rouJd prtl'Iidc.. 

1·lISl ll'sl in~.\ummary 

Superl.lgR 639 hloli bern ~'n 10 Jgve!hi: ability 10 reduce th! amoonlof Tr pn: 01 as pencchncule multiple 
ordcrsof IIIIgninlde. All)' Tc Ift!!!:Dl in other milblion staes Iw not been n:rmvrd. The tanksconu JftmgsignirlC'Ul1 
organics l'llve sIlo"'-n levels of Tc up 10 ZO'l> (Indoccasion.Jlly higt.:rl iJgl "-m: IlOl relOOYlhk doc 10 0I0Cr 
lUidalion~les being pn:.'lt'nt "'hile moM of 11'0: taRb have silo ..... 99 1099.9'l Tcn:mov;tl. HNH. rondudcd thaI all 
n:quin:m:n~ (0 they "'ere prell: nl in t.hcu-limc) oould be mel by mixing the outpu~ oflhe OIJlI1ic aoo no'Hlrgll1ic 
C'OIII:a.mng tanks 10 R:id1lre nccosary Tc IkCOll~mon;lIion faciO!". All !il:p;!R11OO methods studied for Tc remov:al 
had the ~mc ,nll.'.nd liO tb: llIpCriority of til: Sup:rl...gK 639 "'1Ili bu:d on l!J,supcrior remova.l of u.: 
/lI!lt«hncwe in \.aIIU " 'itll high niU'lli'lnil(iW: and its ability 10 be flult'd "'ith "'1llt'I" (nthrr than " 'jth t;lege Cl.(>;'S!I('S 
0( niln!lC. t1e.). 

Supo:rU,R 639 i~. lig.ll'ld C(JYlkntly bound to potY')'wnt'. tknox. it.sradicilytic )/.Bbility is primarily the rndicilyti(" 
subilityof the polyst)~ne (IS p.-r aU Ilttw:r polystyJl'J'IC bu:d resinS) ... 'llich is around I l 107 r:.l.!.. This has 
required thal S~UgR 6]9 aad:all otJ.:rpotySlyrene:and Olrer organic supporl.·d It'siM forTe mnovll be USi.'d 
af~ tb: C1iw already born removed to allow for many cyc:lHofopmolion 10 be obtained. 
SupcrllgR 63911ad 10 bc ~d in IlJ\lUimi1rd Ikn5ity Sl3ti' (mucror III polystyl1'oc!wed l\:JiM) in order for 
w- resin not to floal in somcoflh! highest tknsity fred sol~iom (ikllSily of 1.2110 I.V Wmll. This h.1s already 
bixn achieved and demon!iln.li:d in production of the Sup.."'fLigR 6391:ato."'f batches after this rcquin:mrnt w..,. 
CDITll1WJnoc:aed 10 m c. 

Tc rermval from a \"arlf'ly oflanh iocklding high and 10 ... nitral!/n.lrile. lIigh and low org:anic COllEen!. high and low 
" with Tcmnoval being ..... ry high for all pcr1L'Chr.:tale on :al l ~ and not R:moving Ire Te presenl in other 
midalJDll stlle!I has III been leSl:d in rolurms of lab and pilot sUf. In aU t"U:s !hi:- Te 10'15 flllll:d " 'ilhlkioniud 
.... aII:r. In cmc:s .... 11cn: Ill: h.gh Ii: " 'IIS prell: III IR: ciUlion required 70 C Wiler ;nSlead of room M:lI1'I=nlUl"l: water. 

Rein OuC'ription 

Orgvnc poly5lyrene s~ (O.!l mm hc:ods) "'ilb oov_klllly OOndcd ligands PJnl'IIt Thi) ~I an C'lutabk m in lrot;. 
elulcd in roomlC~UR' ""lIl~ ~cepl ... 'ben Ill: pcnecho.:UIe billdssignifantly IlSthe Ii: DC ammD<l;um sail 
(high:r bi'"bng ronSl:an1S in thiscuc) "'hen: 70C tkionind " 'ater is requ'l1'd for tlutk>n. Supc:rt.igK 639 h;td 10 bc 
p1:pared in ~ muimizcd dc~(y staoc 0 ... ...., For ~ II p:olystyn:,..., bU"d resin.) in order ror the re:<>n not 10 f\o.;t l In 
10m: of!hi:- higresl densitY teed SOll.liDns (ikmity o r 125 10 1.27 glmf). 

l>t1ails 0( EI~nl 

Thl' is an ciUllbk lI:',;n lhal il e llllcd in room "'mpcralUll' ... ·alCrClCl.'pl wbeD W- per<eclurUIC binds signifICantly 
as the K or ammonium gil (hi&he'r binding ronst:1Dl1 in this o:asL') " 'R:re 70 C lkioniUd "'Iocr is II:'quirt'd for tlution. 
Ttr chrnl on lOtlIIllm.lally requi n::sapproxill'llllCly In-IS bfd volu~s II a fiow rate of 0.1 bi!d volumes pi.'" mi nule. 
HO" I'VCT. If !k-sired tJrelution can be div~d into IWO hatvcsor lief thirds ... ith only w- lint outlet portion oftb: 
eluenl lent to the Tc II:'covcIY IeCtion 0( till planl and LIE n:l1'L1ining !:ail 0( tire IUIIoa recycled :as the rorst pan of the 
1K'11l'luliDn. 
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Figure B-12. SuperLig® Vendor Information (page 2 of 3) 

Resin sbtlf lifl" 
5- 10 yt'lU"1 

R~n ~oragr ~qui~nt 
Resin C3/l be stored dry or in waler. 

Resin hancb bility 
Resin is n-adoly lwidrd similarly 10 Jlandard IX n'SlR as ,\ hHsimil:1r JOIid wpporl and similar p.m~Ii' s~. 'The 
dIfference is in tIr ligand present Lha l has tIr high pcnechneull' over OllEr anion .'lI' ll.'I."tivily. bul this docs nol affc("\ 
the physical charx1l:ri51icsof tll! resi ll SUpcrl.igR 6]9 I\3d 10 be prepared in a m;uimized density state (issue for all 
polystyrene based resiM) in order (Of tIr resin not to float in some of tIr trigheSl density feed 5OIulJons (density of 
1.25 10 1.278'ml). 

Resin pnopanillionlrondi lioning l"fiJ uirrmr-nl 
SOak ;n"" lleT for JO minules Of longer to " ct and sllll'l)' pack intolMCkcd bed column. No other 
preparation/conditioning requin::mcnl locon~nd ""ith. 'There is I slight sIlrink!SVo'cl1 or,he I11.1lerial in going from 
neutral p ~1 to basic pH and acidic pl l 

Tr J.OlIding 
This vlllil:s ... ·;tll the 1f:>e1 of Ti' in Lh: feed Typ;c:alloo.ding amoonllillre 70.200 Ik:d VUIUR£S a nd then dlc lmoont 
ofTe ioU:d Ikpcnd.'i on dlc Te k:vd in LhI: feed. Rx- higller Tc fa: d lcvel5. higtrrTe Iwdinp (not higher Hcd 
vohlmes) have been obtained. It "'Ould be ""i!i: 10 obtainSOn1C of the lab and pilot reportS from tbe DOE complC1. to 
be able IOhave ulUl1llcs of specifiC loadings for specifIC fred Iypes anliroocenlnllioM mal are not ;r.ollilablc directly 
10 me. 

Anli<:ipall'd loadinR cycles ~ro~ railu~ 

DcIt:Tmil1Cd rrimarily by " 'Ilen I ~ 107 raW: of cxposure are lCKbed. As5uming thi: CI is ft:1J1O\'cd fint. tbil 
C1.flOSure is upocted to lue around 100-200 cycles 10 0CCUf. but tbi! ""ill '";1.1)' ""ith the rMiation leVel of tile Tc and 
otbe r ndtoa1.ive ekurnu pl"1.'!C1Il. Iknre. you " 'ilI ""MIllO r bed. ""hal the ndioaniv,lie5 of tIr diffcrenl lDn k freds 
arc (""i th thi: Cs removed) 10 d..">J!rmi lE this for differe nl lank fceds. 

SrRctiYity with r tspl'ct to rnmprtinR a nio lt§ 
Vinually infinilt: selectivity over hydrmidc. ehloridf. n\lOfi~. and bmmali". Selectivily O''Cr 2-3 M n,tn.1e and 
Rltrilf.' of mulliple ordInof magrnlOOc soch thaI UrI\' is minimal effect on pl'r1Crhllt"l.llu" binding up 10 this range of 
Rltr.l.E/n,trilf.' ~ ntrations. 

R~npooons 

No poisons found in llIIn k fceds 10 this point in Esting. Feed oocds III be fully elarif.oo prior 10 enll')' of resin column 
11$ solids can block physical access of pcnechnelalf.' 10 n-sin ligand siles. Note tha I this n-quircm: nl i~ Ur CIliIC "",th 
any resin sys.lem Ind is not un iqU<' IOSlIp' rhgR. lUdioactivilY ubdily 10 I ;( 107 rads.. 
OpmIling If.'rqrnlun.- range 

Because the bindin8 oonslants for tile pcncebnelaU" decrell!<C " 'ith 'llCl\'asin8 tefl1lCr.ltUl\' • il.'fI1X'r.lIUTC range of $ C 
to.4() C is rcoomm: nded. The elution. I\ovo·l-ver. can either al"'ays be done at 70 Cordone II 70 C with higb K feeds. 

Opt'rating pI! rangr 
o limil in either acidic. nclllnlL or buic r.mge. l "hc Tc biOOs 10 acomplclely rruln l ligand as I toIlIl sail l ienee. 

tile requircment forTc binding is sufficcnl NI+. K+. NH4+. or 1-1+ being pIt"!C nL 

I~ss rate 

Loading.. ""lIShing.. an.d elut>on done 31 0. 1 Red Volum-~ peT how. 

I'olrntial rOT P-' ,,-lJfralion (dur 10 radiolJm ) 
Same 11$ (Of otber polystyrene based resins. 
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Figure B-13. SuperLig® Vendor Information (page 3 of 3) 

Jo':"';t im:llr ofTc I'rlllllining on s~nl ~n1 

Leu than O.OI 'l> of Tc loaded on laS! kmding cyck. 

Su~stions for dispoYlion of ~pt'nt rrMm 
Slim.' methods applic:ab~ 10 oUrr poty~yn:rr ~d re~ins appllC3 ble loSupcrLigR 639. 

RO~1 COlIlIlb 
Cost per Ib is dqr~nl on volume and oolI1lJrmallcrms.. SupcrllgR 639 .... ill. howevt'l'. be crooomic ba:d on:LIt 
studie Jlo dale. 

J)e' "clopmtnl reijuircmtnts 
None IhaI IHC is aware of. 

Te("h~risks 
None that me is aware or. 

1 hope that Ibis infonnal>on is t-clpfullo you. 
Regards. 

Ron Bruening 
me AdVllno::d Technologies. Inc. 
(80 1) 76.3-8-100 (phone) ( 
SOl ) 76J.!W91 
(fax ) t.tpJ/vO· ...... .ibcnrtrom 
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Figure B-14. TAM (Kurion, Inc) 

Ver'ldor :_Kurioo, If}(. 

Contdct Name/Phone/Emllil:_Dr. Mllrk S. Denton, 865-368-()979 

IllflufDt 

pH Range >12 

Viseosityof f~ 1-20 cP 

Rn in Typ" 

Inorganic Y m-N 

"'-', Y ~N 

If KnOWD for Pfrtrchllf falf (TcO~) Remonl 

Kd fTc] ~_mrI 
pH 8.6 WT P Rt-cycle Surrogale: 6.19E+01 

pH 11.2 At lank AN.IO.$ Surroglle: 6.9"E+02 

Sel«tivity!O Tc b;uemely ~fic oil high u ll molarity;wd high 
pH 

Poiwus Neither ulls nOl' chelanls _m 10 ha\'f an affee l 

Eqwvalr:al!IL _ 2.15.2.50 

Rn in Propt'l'tin 

Sn n sub~tirution fOt" Ca in Hydroxy Apatite 
Preparation Pro«duce (CaPO~) Microspwe pcoducllOlL Glass subslnl~ 

initiala.-. 

Radiological Stability and/or Gas ~liOll ElttlroJr rad stability. No know gas genn-atiOll. 

Bed Volumes pel" How Oper-ation Depeods 00 application.. 

Parric~ SiN 20-50 nwsh. _ 300-850 micron 

E1ulable Uolmo'>\u al this ~ E_. Dillo (the ObjK l i!i to IraI' Tc-99, DOl elute it) 

Slonge, S~lf Life IDdefmilf 

Hmdliug S~ificatioos No special >pees. 

l oading Cydn See aoo'-e. 

ResiD Density (weight pH unit ,'o lume) _ 1.3 7 gfcc 

pH openting raugt 6.5- 14 (not fen- acidic conditlom) 

T emptUlUl"t opmItlng rnnge 
M adl!' from gla5S DllC2"ospilerel at high tnnperaturts. 

So none known. 

COSI pel" Pound (or 11 ') To be speew~. 

Ability to supply amounC5 of > 2000 lbs DepeDds on tune trune spKwed. 
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