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Test Procedures and Instructions for Hanford Complexant
Concentrate Supernatant Cesium Removal using CST

1.0 INTRODUCTION

Cesium-137 (**'Cs) is a primary radiation source in the dissolved tank waste at the Hanford
Site. '*'Cs removal from the waste can reduce the hazard and waste classification of the low
level waste and reduce treatment and disposal costs.

The object of these test procedures is to conduct a test of cesium sorption of actual Hanford
tank waste with materials which have been proposed for development and potential deployment
in Hanford Site waste treatment. Treated effluent from these tests is proposed to be received by
Battelle Pacific Northwest National Laboratory to conduct technetium sorption studies in further
support of site waste treatment needs.

These procedures are written to directly meet the procedural needs of the Hanford Complexant
Concentrate Supernatant Cesium Removal Test Plan (Hendrickson et al. 1996b) to ensure
adequacy of conduct and collection of appropriate samples and data.

This work is funded by the U.S. Department Of Energy Office of Science and Technology
Tanks Focus Area under Technology Task Plan (TTP) RL37WT42 Cesium Flow Studies at
Hanford through Pacific Northwest National Laboratory (PNNL). This task was previously
identified under TTP # RLO7TWT42.

2.0 DESCRIPTION OF TEST

For this cesium ion exchange test, a test apparatus will be constructed, functionally tested, then
placed in a hot cell within the 222-S Laboratory. Approximately five liters of drainable
Complexant Concentrate (CC) supernatant liquor from Hanford Tank 241-AN-107 will be
acquired through the sampling efforts of the TWRS Characterization Project at Hanford (Hohl
1996) and will be placed in the hot cell with the test apparatus. The CC supernatant liquor will
be diluted with a dilute caustic solution to a concentration target of five molar sodium, mixed,
settled, decanted, centrifuged or filtered to remove particles, and then placed in the teed tank(s)
to be used as the feed for the column flow test. The test will be conducted using the
checksheets and data sheets provided in Appendix A.

The test apparatus will contain a primary test column, a backup test column (in case of fouling)
and two scavenging (guard) columns in series to reduce any cesium remaining in the effluent.
All columns will be packed with crystalline silicotitanate (CST). The effluent is intended to be
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provided to subsequent Tanks Focus Area (TFA) tasks which will require the material for
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Figure 1: Bench-Scale Cesium Exchange Flows and Instrumentation

technetium (Tc) removal studies. A sketch of the process flows and instrumentation is provided
in Figure 1. Physical layout of the test apparatus is provided in Figure 2.

During the loading phase of the column test, the feed solution will be pumped from the feed
tank downward through a test column of cesium sorbent. The effluent from the test column will
be monitored on-line for cesium breakthrough and will be sampied periodically. Samples will
also be taken of the feed and guard column effluent, and digested sorbent as necessary. Sample
analysis will be performed to determine the concentration of analytes to which the cesium ion
exchange and vitrification processes are sensitive. These analytes include: cesium-137, total
cesium, strontium, sodium, potassium, rubidium, aluminum, phosphorus (for phosphate),
chromium, and iron as well as the pH of the sample. The feed temperatures will be recorded at
the beginning and during the test.

After cesium breakthrough is detected in the test column, it will be flushed and drained,
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removed from the system, digested, sampled, and disposed. Initial plans for the spent CST are
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in-cell digestion and disposal due to the high shielding requirements and limited capacity of
manipulators entailed with removal from the hot cell (Hendrickson, et al. 1996b).

The performance of the sorbents in the removal of cesium from CC waste, and process
considerations of such removal, will be evaluated and reported in the test report.

2.1 TEST ENVIRONMENT
The test environment is primarily that of Hanford’s 222-S analytical laboratories.

Assembly of the test equipment is largely anticipated to occur in the 306E laboratories (300
Area) followed by acceptance testing in non-radioactive portions of the 222-S laboratories
(building 222-SA). The exchange equipment will be placed into a high-radiation hot cell
(probably 1F) of the 222-S laboratory where the process tests will occur.

Waste material grab sample bottles, will be retrieved from tank 241-AN-107, brought to the
222-S laboratory and transferred to a hot cell for testing.

With the exception of sample analyses at the 222-S laboratory or the Battelle Pacific Northwest
National Laboratory 325 laboratory, all tests will be done within a hot cell at 222-S.
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2.2 MATERIAL AND EQUIPMENT NEEDS
Equipment needed for the apparatus assembly includes:

Exchange Columns, glass, 0.7 cm internal diameter (ID), packing height 7 cm.
Exchange Columns, glass, 1 cm internal diameter (ID), packing height 10 cm.
column clamps for exchange column retention
Peristaltic pump, flow range from 7 to 42 mL/hr
gate valves, ~3 mm ID, Teflon' core
T-valves, ~3 mm ID, Teflon core
four way valves, ~3 mm [D, Teflon core
m  Tygon® tubing, 0.51mm, 0.89mm, 1.59mm, 3.2mm, and 4.8mm ID
Waste Feed Tank (T2), polyethylene, 3.8 L
Plug, predrilled, for T2, 3.8 cm diameter
Waste Feed Bottles, polyethylene, 1L
Feed Reagent Tank, polyethylene, 1 L (0.220 M NaOH, DI H,0)
Effluent Receivers, polyethylene, 1 L
Flush receiver, glass jar, 250 mL
Shears for cutting large feed reagent tanks
Glass sample vials with lids, ~20 mL
Centrifuge cones, glass, 50 mL
sample carriers
Continuous vy detector and recorder
thermometer
Runtime clock
Sample clock/stop watch
00 g CST engineered exchange material (MSDS in Appendix B)
Hot/stir plate with stir bars

e e RS m O R = = 00— 00 N
')

Reagents required (for Material Safety Data Sheets, see Appendix B), and anticipated volumes
include:

Deionized Water 10.0 Liters
Sodium Hydroxide (NaOH), 5.0 M 2.0 Liters
Hydrofluoric Acid (HF), 1 M 0.125 Liter
Hydrochloric Acid (HCI), 2 M 0.25 Liter
Tank Waste, 241-AN-107 5.0 Liters

Facilities required are those of the 222-S laboratory 1F hot cell, and nonradiological portions
of 222-S and 306E for equipment assembly and acceptance testing.

Teflon is a trademark of E. I. duPont de Nemours, Co., Wilmington, DE.

Tygon is a trademark of Norton Performance Plastics, Akron, OH.

4
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Table 1: Reagent Densities at Experimental Temperature

Reagent Molar Density

(g/mL) 27°C
HF 1 0.998
HClI 2 1.031
H,0 55.51 0.997
NaOH 0.22 1.0060
NaOH 0.4689 1.0166
NaOH 5.0 1.1820

Source:  Perry’s Chemical Engineer’s Handbook, Sixth Edition, R. H. Perry, D. W.
Green, J. O. Maloney, McGraw-Hill Book Company, New York, New York, 1984.

Additional or differing equipment and reagents may be applied at the discretion of operating
personnel with concurrence of the lead scientist or engineer. Change procedures are
provided in § 5.0. A detail of equipment and reagents used in conduct will be provided in
the test report.

2.3 DATA

Parameters to be measured, and the precision required is, in large part, defined in the
subtask. In general, the parameters of measurement, when not in chemical assay, are those
of interval, volume, mass, and gamma decay. In-cell sample masses should be measured to
three significant digits, runtimes should be reported in tenths of minutes, sample intervals (by
stop watch) should be recorded in tenths of seconds. The subtasks to be described and
executed herein are waste feed preparation exchange column packing, activation, flush,
operation, sampling, and waste material handling. Chemical assay quality assurance is
described by Meznarich (1995). Quality assurance for the conduct of the unit operations and
hot cell activities will be in accordance with the approved process testing quality assurance
plan (Meznarich 1996). Data Sheets and checksheets for operation are provided in Appendix
A. Completed datasheets and checksheets will be entered into appropriate logbooks. 222-S
chemical assay analyses will be stored in the laboratory information management system,
LabCore.

2.4 CRITERIA/CONSTRAINTS

This is a treatability test whose activities are governed by WAC 173-303-071(3)(r)
[Treatability Study Samples] and WAC 173-303-071(3)(s) [Samples undergoing treatability
studies at laboratories and testing facilities] thereby generating a requirement that the
Washington State Department of Ecology (WDOE) be notified, in writing, of the intent to
conduct treatability studies no less than 45 days prior to conducting the studies. Treatment
of actual waste in the test apparatus shall not proceed unless such a notice compliant with
WAC 173-303-071(s)(i) is submitted. (WDOE 1994) As described by the test plan
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(Hendrickson et al. 1996b), compliance with these provisions has been met with the 1988
notification.

ALARA principles shall guide all actions in this test.

2.5 WASTE MANAGEMENT AND DISPOSAL

Wastes from the conduct of this test scope will inctude spent extraction media, extraction
columns, sample bottles, feed bottles (tanks), tygon tubing, valves, waste liquor, treatment
effluent, and sampling wastes. All materials having contacted the tank waste liquor must be
considered mixed wastes as the tank wastes have been designated to contain F-listed solvents
(EPA 1986). To the greatest extent possible, bottles containing wastes brought into the hot
cell will be of polyethylene so that they may be melted down within the cell following use.
The extraction media will be dissolved, sampled, and poured down the hot cell drain.

Excess and spent samples, and undispositioned effluent will be disposed per 222-S laboratory
procedures. Glass vessels will be decontaminated and removed from the cell for appropriate
waste disposal.

Preliminary dose models (Hendrickson and Duncan 1996) for a similar recent test indicate
that shielding sufficient to reduce dose to the 222-S laboratory administrative requirement of
10 mR/hr would exceed the 18 kg (40 Ib) capacity of the cell manipulators. As such, it is
not considered safe to remove these materials from the hot cell intact.

3.0 EXPECTED RESULTS

This test will demonstrate the cesium selectivity and load capacity of CST using actual
Hanford CC waste. This information will be compared to similar data gathered using
simulants and will be used to validate the simulant data’s use in designing a cesium removal
pretreatment process.

Success of these tests will be in the form of chemical analysis and automatic gamma sample
counts demonstrating rise in concentration of the effluent cesium beyond 50% of inlet
concentration (breakthrough, A,) such that the number of column volumes processed at
breakthrough be determinable on a constant slope.

Guidance from the CST developers indicates that treatment expectation for the CST sorbent
is approximately 1500 column volumes of CC waste feed to Ay, Due to the uncertainty of
this expectation, on-line gamma detection capability will be required to ensure adequate
sampling to describe the effluent profile.
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4.0 TEST PROCEDURE

This test procedure is partitioned into three primary subdivisions: system acceptance testing
and calibration; CST test run preparation and cesium loading; system flush, necessary
decontamination, and waste management. Sampling procedures are a component of each of
these subdivisions of the test and are provided as a fourth component of the test.

Laboratory instruction, as necessary will be developed to implement these laboratory 222-S
procedures.

Initial pump calibration and sorbent conditioning will be conducted in non-radiological
facilities. Thus portions of test through conditioning (§ 4.2.1) will be conducted prior to hot
cell entry of the assembly. Subsequent work will be conducted in the sequence specified by
this document unless modified through change procedure (§ 5.0). All checksheets and data
sheets are provided in Appendix A.

4.1 SYSTEM ACCEPTANCE TESTING AND CALIBRATIONS

The flow system apparatus (apparatus is defined as the entire system to include pumps,
valving, plumbing, and columns without the exchange material) will be assembled in the
nonradiological 306E laboratories in the 300 Area.

The valving, piping, tubing, columns, and exchange material will be the same that will be
used in the hot cell in 222-S laboratory and shall follow the schematic as shown in Figure 1.
Physical layout is depicted in Figure 2. The assembly of the apparatus in a cold area will be
followed by conditioning and loading of the exchange material in the columns per
manufacturer’s specifications. With the exception of § 4.1.5, acceptance testing and
calibration will be nonradiological activities.

4.1.1 Equipment Assembly

Equipment assembly consists of assembling the tubing, fittings, valves, pump and columns to
meet the test needs. Fabrication of the substrate and basin of the test apparatus is conducted
separately and prior to this assembly. Checksheets and assembly instructions are provided in
Appendix A.

4.1.1.1 Feed Assembly

The ion exchange columns will be loaded and the CST conditioned in preparation for actual
waste flow. The conditioning will be accomplished as outlined in section 4.2.1.

The polyethylene feed bottles, for deionized water (T1), waste feed (T2), and 0.220 M
NaOH (caustic flush, T3), will share one line (L1) to the peristaltic pump (Figure 1). The
discharge line from the peristaltic pump will connect to a three connection valve (V1). The
line diameter selected for the pump mid-range has an ID of 0.51 mm. There will be two
lines connected from V1 to the test columns, the 1A line to the primary column and the iB
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line to the backup column.

No assembly is required for the feed tanks, thus teed assembly shall consist of assembling
line L1 and mounting it through the pump to valve V1. Use Sheet 1 for feed assembly
directions, imagery, and checksheet.

4.1.1.2 Test Assembly

The test assembly shall be completed using Sheet 2. The function of all valve configurations
are detailed in Table 2.

Table 2: Vaive Connection/Function for CST Columns

Valve After Before Function
Peristaltic V2a Connects pump to Test bed Cla
\2!
Pump V2b Connects pump to backup Test bed Clb
V3a Directs Feed to Cla
V2a Vi
V6a Directs Reverse Flush to Cla
Vda Directs Feed to Cla
V2a -
Vi NA Forward feed bypass to Line 12A
a
Vda NA Cla Reverse Flush flow to receiver
V3b Directs Feed to Clb
V2b Vi V6b Directs Reverse Flush to Clb
Via Guard Column Reverse Flow
Vdb Directs Feed to Clb
V2b -
Vib NA Forward feed bypass to Line 12B
Vb NA Clb Reverse Flush flow to receiver
V3a Cla Column Cla isolation, forward
Vda
Cla V3a Column Cla isolation, reverse
V3b Cib Column C1b isolation, forward
V4b
Clb V3b Column C1b isolation, reverse
Cla Véa Column Isolation, Forward
V5sa -
Véa Cla Column Isolation, Reverse
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Table 2: Valve Connection/Function for CST Columns

Valve After Before Function
Clb Vé6b Column [solation, Forward
V5b -
V6b Clb Column [solation, Reverse
V5a V7 Directs Flow forward to V7
V6a
V2a V5a Directs reverse flush to Cla
V5b vi7 Directs Flow forward to V7
Véb
V2b V5b Directs reverse flush to Clb
Véa V8 Forward flow from Cla to 30 min
V7
V6b \'% Forward flow from C1b to 30 min
V7 V9 Directs feed to C2
V8
Vi NA Directs Cla/b effluent or C2/C3
\'%4 C2 Column C2 isolation, forward
V9
C2 V8 Column C2 isolation, reverse
C2 Vil Column C2 isolation, forward
V10
Vit Cc2 Column C2 isolation, reverse
V1o V12 Forward flow to Column C3
Vi1 V10 NA Directs C2 effluent to receiver
V12 V10 Directs flush to C2
Vi1 C3 Column C3 isolation, forward
V12
C3 Vil Column C3 isolation, reverse
C3 Vi4 Column C3 isolation, forward
V13
V14 C3 Column C3 isolation, reverse
Vi3 NA Column C3 effluent and samples
Vi4 V2b Vi3 Directs backwash to C3
V2b NA Directs flush waste to receiver

NA = Not Applicable, flow to receiver vessel
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The objective of the assembly is to provide feed solutions from the feed lines through the test
and guard columns to sample and effluent points.

4.1.2 Testing in Cold Environment

Using Figure 1 as a reference for flow streams and Figure 2 as reference for physical layout,
the following will be carried out to cold test the system in Building 306E. Care will be
taken to try and anticipate problems that may arise during the operation in a hot cell. This
will allow a "fix it" mode to be undertaken in a non-radiation area. Figures representing all
valving configurations are provided in Appendix C.
Config. 1: Full System Forward Feed Valving Configuration

(Forward flow to Line 11)

Valve Direction Valve Direction
Vi Ll - V1l—>1A/B V8 6->V8—>7
V2a/b 1A/B - V2a/b - 2A/B V9 7T-V9-C2
V3a/b 2A/B - V3a/b - 3A/B V10 C2->VI0—-8
Vda/b 3A/B — Vda/b - Cla/b Vil 8§->VIl-=9
V5a/b Cla/b - V5a/b —» 4A/B V12 9->V12->C3
Véa/b 4A/B - V6a/b —» 5A/B Vi3 C3-»VI3-10
V7 5A/B > V7 -6 V14 10-»V14 > 11

Config. 2: First Guard Column Forward Feed Valving Configuration
(Forward flow to Line 14)

Valve Direction Valve Direction

Vi Ll -Vl > {A/B V7 5A/B->V7—>6
V2a/b 1A/B - V2a/b - 2A/B V8 6—>V8—>7
V3a/b 2A/B = V3a/b - 3A/B V9 7-V9->C2
Vda/b 3A/B - Vda/b - Cla/b V10 C2-»VI0—-38
V5a/b Cla/b - V5a/b — 4A/B V11 §->Vil > 14
V6a/b 4A/B - V6a/b - 5A/B

10
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Config. 3;: Lead Column Forward Feed Valving Configuration .
(Forward flow to Line 13)

Valve Direction Valve Direction

Vi Ll -Vl - 1A/B Vsa/b Cla/b - V5a/b - 4A/B
V2a/b 1A/B - V2a/b - 2A/B Vea/b 4A/B - V6a/b - SA/B
V3a/b 2A/B —» V3a/b - 3A/B V7 5A/B—=>V7 =6
Vda/b 3A/B = Vda/b - Cla/b V8 6—>V8->13

Config. 4;: CST Pump Flow Rate Calibration Valve Configuration
(Foward flush bypass to Line 12A/B)

Valve Direction

V1 L1 -Vl - 1A/B
V2a/b 1A/B - V2a/b - 2A/B
V3a/b 2A/B = V3a/b = 12A/B

Config. 5: Column Cla/b Reverse Flush Valving Configuration
(Reverse flush to Line 12A/B)

Valve Direction Valve Direction

V1 L1 -Vl - 1A/B V5A/B 4A/B - V5A/B - C1A/B
V2A/B 1A/B - V2A/B - 16A/B V4A/B C1A/B —» V4A/B » 3A/B
V6A/B 16A/B - V6A/B — 4A/B V3A/B 3A/B - V3A/B - 12A/B

4.1.2.1 Assembly Leak Test

The CST will not be loaded in the columns for this portion of the test. All test conduct will
be recorded via indicated checksheets and datasheets.

Deionized (DI) water will be pumped through the basic assembly for this phase. The
connecting lines are the required ID and length and the valving is connected as indicated in
Table 2. Use Sheet 3 and place system into various configurations to check for leaks in full
forward flow at middle to high set using Cla, and Clb. Images and valving configurations

i1



Config, 6: Reverse Feed Valving Configuration HNF-SD-RE-TPI-002, Rev. 0
(Reverse flush through guard columns)

Valve Direction I Valve Direction
Vi L1 -Vl - 1B Vil 9-VIl -8
V2b IB->V2b—>15 V10 8§->VI0—»C2
Vi4 15-Vl4->10 V9 C2-V9->17
V13 10—-»VI3-C3 A% 7-V8->13
V12 C3->VI2—=9

are provided in Appendix C. The peristaltic pump does not have a digital readout or record.
Calibration will be conducted with each flow rate change and recorded on Sheet 3. The flow
path for calibration will be Config. 1.

4.1.2.1.1 Column Forward Tests
Use Sheet 5 to record and conduct this procedure.

Tare receiver bottle (100 mL < receiver < 250 mL)

Place L1 into feed vessel T1, place line 11 into tared receiver

Set valve positions to: Config. 1

After ensuring the flow path is correct to the above valve settings, turn on the

peristaltic pump. For this test, 6 CV/hr are targeted which is approximately

0.27 mL/min or 16.1 mL/hr. Run in this configuration for 3 hours.

® [f leaks are observed, adjust fittings as necessary to eliminate leaks. Record
observations and leak repairs.

®  After the appropriate time period for leak testing in a forward flow mode, shut down

the pump. Record masses collected and time interval on Sheet 3.

4.1.2.1.2 Column Reverse Flow Tests

4.1.2.1.2.1 Column Cla/C1b Reverse Flow Leak
Use Sheet 11 to record and conduct this procedure.

Tare receiver bottle (~ 100 mL)

Place tine L1 in feed vessel T1, place line 12A into tared receiver

Set valve positions to: Config. 5

After ensuring the flow path is correct to the above valve settings, turn on the
peristaltic pump. For this test, 6 CV/hr are targeted which is approximately
0.27 mL/min or 16.1 mL/hr. Run in this configuration for 1 hour.

® |[f |leaks are observed, adjust fittings as necessary to eliminate leaks. Record
observations and leak repairs.

12
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®  After the appropriate time period for leak testing in a reverse flow mode, shut down
the pump. Record masses collected and time interval on Sheet 11.

4.1.2.1.2.2 Columns C2/C3 Reverse Flush Leak
Use Sheet 12 to record and conduct this procedure.

Tare receiver bottle (~ 100 mL)

Place line L1 into feed vessel T1, place line 13 into tared receiver

Set valve positions to: Config. 6

After ensuring the flow path is correct to the above valve settings, turn on the

peristaltic pump. For the CST exchanger, 6 CV/hr are targeted which is

approximately 0.27 mL/min or 16.1 mL/hr. Run in this configuration for 1 hour.

® If leaks are observed, adjust fittings as necessary to eliminate leaks. Record
observations and leak repairs.

® After the appropriate time period for leak testing in a reverse flow mode, shut down

the pump. Record masses recovered and time interval on Sheet 12.

4.1.3 Reagent Preparation

The following reagents shall be prepared by the standards laboratory and delivered to 222-S
for hot cell entry:

NaOH, aq. 5.0M 20L
HF, aq. 1.0M 125 mL
HC, aq. 2.0M 250 mL

Specifications and contaminants of the reagents shall be identified for inclusion in test data
analysis.

4.1.4 Exchange Material Dissolution

A qualitative evaluation of the dissolution of CST has been carried out in the conduct of test
work reported in Hendrickson ef al. 1996a. It was found that the CST material substrate and
binder dissolved satisfactorily with the addition of hydrochloric and hydrofluoric acids. This
dissolution will be repeated in this work. Following contact of wastes with the sorbent, the
material will be dissolved within the hot cell using the procedure in Sheet 13.

4.1.5 Gamma Probe Calibration

The calibration of the gamma probe will be carried out using 222-S laboratory sources, for a
range of 7.4 E9 Bq/L to 7.4 E8 Bq/L (0.2 Ci/L Cs to 0.02 Ci/L). The source
configuration will be Tygon tubing, 4.76 mm ID, 9.52 mm OD. The tubing standard should
be about 10 c¢m in length. The length of the tubing need only be measured approximately,
since previous work (Beck ef al. 1996) has shown that the gamma detector is sensitive to
cesium (barium) gammas only in a small cone (6 cm diameter at sample) below the probe.

13
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An "initial concentration (C,)" standard will be made by similarly filling the tubing with feed
material. Calibration responses from prepared standards will be entered into a Controlled
Laboratory Notebook.

4.2 TEST PREPARATION AND RUN

This portion of the test plan is intended to provide explicit instructions and expectations of
the conduct of ion exchange with the apparatus using crystailine silicotitanate. The
expectations are that the 50% breakthrough will be at approximately 1500 column volumes
(Asug = 1500 CV). The run is expected to be conducted for up to 2000 column volumes,
sampled every 100 column volumes for the first 1000 CV (11 samples) and every 50 CV
thereafter (20 samples). Calibrated standards prepared for prior work (Hendrickson er al.
1996a) may be applied with appropriate decay correction.

4.2.1 Exchange Column Preparation

Both test columns, Cla and Clb, and the guard columns, C2 and C3, will be charged with
CST and conditioned outside of the hot cell. After conditioning and pump calibration, the
columns and system will be transferred into the hot cell. To prepare the CST,
manufacturer’s specifications will be met with fines removal and sodium hydroxide
conditioning. These specifications are not incorporated herein as they are business
confidential instructions, but are provided to test personnel.

Use Sheet 14 to prepare and measure the bed density of the sorbent.

Following this conditioning and the following pump calibration, the test assembly will be
prepared for hot cell placement.

4.2.2 CST Apparatus Pump Curve Acquisition

Because of the varying pressure drops across the apparatus dependent upon sampling
location, pump curves will be developed with the loaded columns while feeding 0.220 M
NaOH. This fluid, used in sorbent conditioning, is also expected to well represent the
density and viscosity of waste feed. Following the pump curve acquisition, the flow settings
configuration (Config. 4) may be used to ensure adequate flow at the apparatus terminus (line
11).

Use Sheet 3 to record and conduct this procedure
® Tare receiver bottle (~250 mL)
®  Place line L1 into T3. Place line 11 into tared receiver

®  Set valve positions per Sheet 3

Repeat this procedure, for a total of at least three point calibration, at flow settings of
approximately 10%, 40%, and 60% of pump knob range.
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4.2.3 CST Waste Feed Preparation and Analysis

The waste feed will be composed of a composite of drainable supernatant liquor from
samples taken from Hanford Double-Shell tank 241-AN-107 during the 1997 grab sampling
operations which are planned for January 1997 (Hohl 1996). The waste feed is of
approximately 8.5 M Na* and 0.03 M OH". The waste feed will be diluted to a target of
approximately 5 M Na with 0.47 M NaOH. Analysis of the waste composition for the feed
will be carried out by gamma energy analysis, ion chromatography, TIC, TOC, and
inductively coupled plasma at 222-S, in addition to inductively coupled plasma mass
spectrometry conducted on similar samples acquired for privatization (DOE 1996) for
speciation of cesium.

It is anticipated that the supernatant liquor will be delivered to the 1F Hot Cell in 125 mL
bottles, any undiluted material will remain stoppered. The waste material may be delivered
to the hotcell at unspecified times. No time constraint for this work applies with the
exception that test run (§ 4.2.5.5) cannot proceed unless the material is prepared.

Use Sheet(s) 4 to record and conduct this procedure. To ensure a homogeneous feed stream
throughout the run, the 1 L batches of prepared feed liquor will be composited in a 3.8 L
vessel. A total of five batches will be prepared in this manner, and the excess over 3.8 L
will be stored in 1 L bottles. Two feed samples will be withdrawn for analysis, one at the
beginning of the test and the second after addition of the feed from the two 1 L bottles to the
3.8 L vessel.

4.2.4 System Flush

After the system is set up in the hot cell, begin the test by setting pump rates and flushing
the system.

Use Sheet 5 to set pump with 0.22 M NaOH and Sheet 6 to record and conduct the system
flush for each lead column.

Objective: 6 CV/hr = 16.1 mL/hr

Set Pump:
Tare receiver bottle (~ 100 mL capacity)
Place line L1 into T3 (0.22 M NaOH)
Place Line 12A/B into tared receiver
Set valve positions to: Config. 4. Confirm and record valving alignment.
Set flow rate - turn on pump, measure for 15 min. Check against objective, record
results.

® Reset to get to objective as necessary, repeat.

®  When at objective, confirm flow with two more test periods.

®  Shut down pump
Flush:

® Place Line 11 into tared receiver

® Place Line L1 into T3 (0.220 M NaOH)
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® Place System Valving in Config. 1 using the first available iead column. Confirm
and record valving alignment.

¢ Turn on pump and run for 2 hours. Record time on/off, flowrate and feed source.

® (Close and confirm closure of all valves.

The 0.220 M NaOH from the conditioning phase (§ 4.2.1) will have been flushed through
the column and testing for '*’Cs removal may begin.

4.2.5 Cesium Removal Test Run

Based on modeling of recent CST test results (Hendrickson et al. 1996a) breakthrough (**'Cs
C/C, = 0.5) in this test could occur as early as 800 CV. Ancillary analyses by CST
developers and researchers at Sandia National Laboratory indicate that as many as 1,500
column volumes of this feed may be necessary to achieve 50% breakthrough. Therefore, this
test run will schedule use of 2000 CV to ensure data past breakthrough will be obtained.

The test will proceed until C/C, = 0.7 and will be discontinued by direction of the lead
engineer or chemist.

4.2.5.1 Gamma Detector Data Logging

During the test run, the gamma detector will be continuously monitoring the effluent line and
recording data on an IBM compatible computer using the GammaVision program. The
breakthrough of '*’Cs will be indicated by the increase in gamma response over time for the
window of ~610 - 680 KeV. The detector logging should commence with initial feed
startup (§ 4.2.5.5) and discontinue with final sample acquisition from the flow stream
following the test column. Initial estimate for counting periods is 20 min.

The gamma probe must provide an additional function for this component of the test. [f the
response from the gamma probe indicates C/C, > 0.20 prior to 500 CV, the sample regime
will accelerate to one sample per 50 CV. Sufficient detector shielding will be provided to
ensure that cesium loading on columns does not adversely effect detector background. The
gamma probe will be read as detailed in Gamma 1 (pg. 16). Detailed instructions for the
Gamma probe operation are contained in Appendix D.

4.2.5.2 Primary Column Sampling

All samples will be recorded with column number, date time/group, sample sequence number
(C1E-1, CIE-2, ...C1E-n).

It is anticipated that the CST sorbent will be exposed to 2000 CV before the test is stopped.
Samples of 5 mL each will be taken at Line 12A (or 12B). At 2000 CV with a flow rate of
6 CV/h, the test will run for 333 hours. The first sample will be taken at 1 hour,
representing the effluent stream front. Additional samples will be taken every 16 hours and
40 minutes (100 CV) through 1000 CV. Subsequent samples will be taken every 8 hours and
20 minutes (50 CV) through the remainder of the test. Expected samples total 31 and are
detailed on Table 3. Should the on-line gamma detector indicate that the cesium C/C,
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Reading the Gamma probe:

The instrument computer (in the 19" instrument rack) should be set up with Notepad™
running.

If Notepad™ is not running, start it by clicking its icon in the Program manager, or Alt-
TAB to switch to Notepad™

With the Notepad™ window open, select OPEN from the FILE menu.
Go to the directory C:\practjob
Open the highest numbered file that starts with cs#
It should look like
cs#003.txt
with different numbers.
Read the GROSS value. Compare the Gross value with the values posted on the face of
the computer or in the notebook. Note the time the file was created (at the top of the
file). Record the result on Sheet 8 (if reading during a sampling) and/or on a separately

provided data sheet.

If the number is 20% or greater of the original concentration value, notify the cognizant
scientist. Sampling frequency may need to be increased.

If the number is 50% or greater of the original concentration value, notify the cognizant
scientist. The experiment is nearly finished.

Gamma 1: Gamma Probe Reading Procedure

exceeds 20%, the sample regime shall immediately (nearest 50 CV increment) switch to the
accelerated sampling structure of Table 3. Change procedures of § 5.0 will be implemented
to generate new sampling runtimes in the event of accelerated sampling needs.

Samples shall be acquired as detailed in Table 3. Sampling shall be conducted using Sheet 7
for sample acquisition data and Sheet 8 for process parameters of the sample.

If the system flow rate varies from the target flow by > +10%, reset the pump through
change procedures in § 5.0. It must be recalled that system target flow rates are established
as rates of effluent following the guard columns. With the guard columns out of the flow
path during sampling, it is expected that flows from the sample point will be slightly higher
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Table 3: CST Test Run Primary Column Sampling

Sample Projected Run Time
CIE-1 1 hr 0 min

CIE-2 17 hr 40 min

CI1E-3 34 hr 20 min

ClE-4 51 hr 0 min

CIE-5 67 hr 40 min

CIE-6 84 hr 20 min

CIE-7 101 hr 0 min

CI1E-8 117 hr 40 min

CIE-9 134 hr 20 min

CIE-10 151 hr 0 min
C1E-11 167 hr 40 min
CIE-12 176 hr_Q min
C1E-13 184 hr 20 min
ClE-14 192 hr 40 min
C1E-15 201 hr 0 min
C1E