
Department of Energy
Savannah River Operations Office

P.O. Box A
Aiken, South Carolina 29802
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The Honorable John T. Conway
Chairman, Defense Nuclear Facilities Safety Board
625 Indiana Avenue, N.W., Suite 700
Washington, D.C. 20004

.

Dear Mr. Chairman:

SUBJECT: Defense Nuclear Facilities Safety Board (DNFSB) Recommendation 96-1,
Test Plan Deliverables for January 1997

The enclosed test program document provides the test plan deliverables scheduled for January

1997 as defined in the Implementation Plan for DNFSB Recommendation 96-1. These test plan
deliverables include:

. Test Plan for Stability of Solid Cesium and Potassium Tetraphenylborate
(Commitment #3, Milestone # 5.2.2-2)
This test plan describes the test activities necessary to determine whether direct chemical
decomposition of solid Cesium and Potassium Tetraphenylborate (TPB) are a major
mechanism for generating benzene in the In-Tank Precipitation (ITP) process.

. Test Plan for Benzene Retention Mechanisms and Cat)acitie~
(Commitment #5, Milestones # 5.2.3-1&# 5.2.3-2)
This test plan describes the test activities necessary to determine the capacity and distribution
of benzene in Potassium TPB slurries above the apparent volubility limit, determine how the
benzene is retained, and determine the relative releasability of the different retention
mechanisms.

“ Test Plan for Laboratory Benzene Release Studies
(Commitment #5, Milestone # 5.2.4-1)
This test plan describes the test activities necessary to determine the apparent volubility and
the slurry-vapor equilibrium relationships for Potassium TPB slurries.

This test program document describes the overall ITP process chemistry testing program for-..
resolution of Recommendation 96-1 and provides overview sections common to all program
components. Test Plans describing the specific testing activities to be conducted are included as
Appendices A through E. Please note that Appendix A is the Test Plan for Catalvtic
Decom~osition of Soluble Tetraphenylborate which was issued to you by letter on December 20,

1996. Also, Appendix E is reserved for the Test Plan for Real Waste Material Testq which is
scheduled for delivery in April 1997.
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Please direct any questions tome or W. F. Spader at (803) 208-7409.
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1.0 CUTIVESU~

On August 14, 1996, the Department of Energy (hereafter referred to as the Department) received
Recommendation %-1 from the Defense Nuclear Facilities Safety Board (hereafter referred to as the
DNFSB). The recommendation addresses safetyconcernsat the In-TankPrecipitation(lTP)facilityat the
Savannah RiverSitenear Aiken,SC.

Safety issues of concern to the DNFSB involve the level of understanding of tetraphenylborate (TPB)
chemistry regarding TPB decomposition resulting in benzene generation, retention and release, md,
based on this level of understanding, the adequacy of existing safety measures. Issue resolution includes:

● identification of important decomposition catalysts that will be encountered in ITP with a
quantitative understanding of their effects;

● establishment of the chemical and physical mechanisms that determine how and to what
extent benzene is retained in the waste slurry;

● understanding of the extent of the benzene release during mixing pump operation or
other mechanisms leading to rapid release of benzene;

● improved understanding of the mechanismsleading to high benzene generation and
releaseobserved in Tank48 in Novemberand Decen&r, 1995,and March 1996;

● improved understanding of the rapid incmaaein measured solublecesium which I
occurred followingreprecipitationwith sodium tetraphenyborate in experiments in mid-
1996;and,

● affirmationof or modification to ongoing improvements to the facility design.

The Board recommended that in-plant testing involving significant quantities of TPB or new waste
additiona to ITP be deferred until a betterunderstanding of TPBchemistry is achieved and the adequacy
of safety measures has been affimned. This recommendationwas made at a time when the authorization
basis for safe operation of the ITP facility was tranaitioning from fuel control to oxygen controL Some
modifications to the ITP Ntrogen inerdng systems were in progress at that time and will continue at risk
while a revised authorization baais is developed. Results of the chemistry program will serve as inputs to
the authorization basis including a comprehensive defenaAndepth safety strategy,and development of
controls and engineered systems for the prevention or mitigation of a potential tank deflagratiom

The principle underlying cause oftwnzenegenerationisbelievedto be catalytic decomposition of soluble
TPB. Catalysts are believed to be copper i~ metal hydroxides and possibly organica commonly present
insavannah River Sitewaate. Benzene generation iaalsoinWncedbyotherfactorathatwi Ube
considered in the ~ irduding such pammetem as temperature, solids concentration and hydroxide
concentration. A signibmt amount of the benzene generated is retainedprior to release. Likely
retention mecbnbms are emuMona/mg Iayera, free layers and adsorption on solidq however, additional
study ianeceasary toconfirmthese mechdmm ‘Theprimary release mdaniam appearatobeoperation
of the mixing pumps; however, not all important benzene generation and release mechiam am
quantified or known. Additional reaeamh and teadng is required

Safety issue resolution consists of four in@gratedprograms

● A combination of preventive and mitigative controlsand engineered systems to prevent
and/or mitigatabenzene defiagmtion will be developed in pamllel with investigation of
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the foUowing tiee chemistry issues, and will be reviewed and finalized once a better
understanding chemistry issues has been developed,

s The scientific understanding of the reactions leading to the generation of benzene in the
ITP Facility will be improved to ensure that measures to prevent and/or mitigate
de flagration are adequate,

● The scientific understanding of the mechanisms leading to the retention of benzene in the
ITP System will be improved to ensure that measures to prevent and/or mitigate
deflagration are adequate, and

● The scientific understanding of mechanisms involved with the release of benzene in the
ITP System will be improved to ensure that measures to prevent and/or mitigate
deflagration are adequate.

These programs have been described by the Implementation Plan for Resolution of Recommendation 96-1
(reference 1), which requires the development of six Test Plans further describing programs related to
benzene generation, retention and release. This Test Program document, its appendices and revisions
satisfy these deliverables, The Test Program dcmrnent provides background on the High Level W aste
System and flowsheets, a description of the In-Tank Precipitation Process and descriptions of key process
interfaces. The overall chemistry testing program for resolution of Recommendation 96-1 is described
and overview sections common to all program components are included. Test Plans specific to each
deliverable objective are attached as appendices. Two of the six test plans related to benzene retention
mechanisms and capacity are combined into a single document, which is provided as Appendix D. The
individual Test Plans should be read in the context of the Test Program document to understand how the
different elements of the testing fit together to resolve the issues.

.
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2.1 HIGH LEVELWASTE COMPLEX OVERVIEW

The Savannah River Site (SRS)near Aiken, SC, has begun the task of vitrifying high level
radioactive waste into a durable borosilicate glass. In over 30 years of operation, about 72 million
gallons of high level radioactive waste have been generated at the Savannah River Site. This
waste has subsequently been evaporated to 28 million gallons and stored in large underground
tanks, and is now being pretreated, melted into glass and poured into stainless steel canisters for
eventual disposal in a geologic repository.

The evaporation process has resulted in the waste being separated into a water soluble salt
solution and saltcake, and an insoluble sludge of metal hydroxides and oxides. The majority of
the high level radioactive waste volume is stored in waste tanka as salt cake. Water is added to
the salt cake and the resulting salt solution is transferred to the In-Tank Precipitation (ITT)
Facility. Lnthe ITP process, salt solution is decontaminated for disposal as low-level radioactive
waste by the addition of sodium tetraphenyIborate to precipitate the soluble salts of potassium
and cesium and the addition of sodium titanate to adsorb residual strontium, plutonium, and
other actinides. The resulting slurry is filtered and the decontaminated filtrate is blended in the
Saltstone Facility with cement, slag and flyash for disposai as a low-level radioactive waste.

The concentrated precipitate is processed in the DWPF Late Wash Facility (LWF) to remove the
corrosion inhibitor sodium nitrite prior to processing m the Salt Processing Cell where moat of the
organic material is removed. The tetraphenylborate compounds contained in the ptipitate react
in the presence of formic add and copper (II) catalyst. The products of this reaction are aromatic
organic compounds (bnzene, phenol, and minor amounts of higher boiling aromatics) and an
aqueous phase known as Precipitate Hydrolysis Aqueous (PI-IA). The PHA contains the cesium,
soluble formate salts, boric add and excess formic acid.

The sludge portion of the waste is washed to remove soluble salts. If necessary, insoluble
aluminum is removed through high temperature caustic dissolution. Thus, the radioactive waste
from the SRSTank Farms is pretreated in two forms precipitate slurry and sludge slurry. The
waste is then processed and blended in the Defense Waste Processing Facility (DWPF) before it is
vitrified, poured into canisters, sealed and placed in interim storage. Sludge slurry transfers to
DWPF began in March 1996.

The sludge is tmnskmd directly into the Sludge Receiptand AdjustmentTank (SWT) and then
neutmlized with Ntric add. The PHA is then added to the sludge (atboiling).After the PHA
and sludge am blended and p~ in the SRAT, this SRAT pl’dtlct is transferred to the Sluny
Mix Evaponttor where a borosilicate glass frit is added and the slurry is concentrated to produce
melter feed.

22 IN TANK PRECIHTATIONOVERVIEW

The objective of the ITP process is to chemidly treat radioactive salt solution such that the bulk
of the radionuclidee can be separated into a low volume, high activity stream which can be
incorporated into borosdicate glass while the remahdng fraction is solidifkd as grout and
disposed of as low level waste. Changes in the ITP process can impact other HLW pmceaaing
facilities such as LateWash and Saltstone.

rnthelTPproce9s, monomdl“umtitanate and sodium tetraphenylborate (NaTPB) are added to
salt solution to adsorb Sr-90/Pu-236 and precipitate CS-137, reapecdvely. The chemical addition
ands&aequent ~omformaprecipitate slurry which is~filte& The filtrateiaa
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decontaminated salt solution that is stripped of benzene, sampled and then pumped to a separate
facility, Saltstone, where it is mixed with cement, slag and flyash to form a grout and disposed of
as low level waste. The precipitate remaining after filtration is washed with water to reduce the
lNa concentration, sampled and transferred to the Defense Waste Processing Facility for nitrite
removal washing (Late Wash Facility), combined with radioactive sludge and vitrified (See
Figure 1).

2.3 INITIAL RADIOACTIVE OPERATIONS

The ITP facility initiated radioactive operations in September 1995with the addition of 130,000
gallons of salt solution and 37,300gallons of NaTPB to the heel of precipitate in Tank 48 that
remained from the 1983 demonstration. Lnitial operations were conducted under the guidance of
the Radioactive Operations Commissioning Test Program (reference 2) which specified controlled
evolutions and additional sampling and monitoring requirements. During October, the first of
three pump tests was conducted in which the effect of tank mixing was determined. This test was
characterized by a nearly constant benzene release from the liquid phase to the vapor phase that
maintained the vapor space concentration at nearly 60 ppm during pump operations, Following
the completion of the first pump run on October 12, 1995, the tank remained quiescent until
October 20,1995.

Filtration began on October 20,1995, and continued until October 25 producing 140,000gallons of
filtrate. Filtration was conducted at a nearly constant temperature of 39°C. Filtration was
followed by the second pumprun starting October 26. The benzene concentration in the vapor
space was higher than expected, but well below the Operational Safety Requirement (OSR) limit
of 3400 parts per million (ppm). A water addition was made without an increase in benzene
concentration. A second filtration step was conducted producing 160,000 gallons of filtrate and
bringing the liquid level in Tank 48 to 160,000 gallons. The third pump run, which was designed
to be conducted at higher temperatures to support oxygen control testin~ resulted in heating the
tank to 52”C. Again, the benzene concentration was higher than expected but still below the OSR
limit. The tank was quiescent during ventilation tests and had cooled to 30”C by December 1,
1995.

On December 1,1995, all four slurry pumps were operated for about 3.5 hours to prepare the tank
for sampling. Pump operation was then halted due to the observed high benzene readings (2,000
ppm) in the tank vapor space well before the OSR limit was approached. Data from Tank 48
instrumentation and tank sample analyses indicated that NaTPB decomposition had occurred.
Efforts began to remove the benzene that had accumulated in the liquid. A Justification for
Continued Operation (JCO) was written to incorporate additional fuel controls on the rate of
benzene release that would be allowed during pump operation. A series of single pump runs
were conducted under the JCO to deplete the benzene from the tank between December 8, 1995,
and January 3, 1996. From January 3 to March 5,1996, the tank was quiescent During this
period, an alternate nitrogen system was installed and the JCO was revised to credit nitrogen
inerting and to provide less restrictive pump operating bits.

.
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On March S, 1996,one slurry pump was operated at low (600 rpm) speed. A rapid benzene
release rate was seen in the tank as indicated by vapor space concentration of benzene, and
pump operation was terminated after 14 minutes. This data indicated periods of non-uniform
distribution of benzene in the tank vapor space. Starting on March 8, periodic pump operations
were resumed in a conservative, controUed manner in continued efforts to deplete benzene from
the tank, Initial operations employed only one shury pump. As benzene release rates decreased,
additional pumps were started. By April 25, 1996, all four pumps were operating at the
maximum speed of 1,180 rpm. From November 5, 1995, to April 22, 1996, approximately 8,500 kg
of benzene were removed from Tank 48. Since April, 1996, Tank 48 has essentially been depleted
of benzene as indicated by the very small releases observed even with operation of all four
pumps.

The Department deferred additional waste processing in ITP until such time as an improved
understanding of NaTPB chemistry has been achieved and the appropriate modifications to
facility hardware, engineered controls and administrative controls have been completed.

.
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Radiation detectors are located on the filtrate line exiting the filter. High radiation indicates a
release of highiy radioactive material from the filter into the filtrate piping. Actuation of a high
radiation alarm causes the downstream isolation valves to close.

During filtration (concentration and washing), slurry pumps are used to mix the contents of Tank
48. Slurry pumps draw liquid waste through the bottom of the pump volute md discharge it
through nozzles on the side of the volute. Slurry pumps are variable speed.

Both the degree of mixing and the rate of tank temperature rise can be controlled by the pump
speed. A closed loop cooling water system circulates cooling water through carbon steel coils in
Tanks 48,49 and 50. When four slurry pumps are operated at full speed (1180 rpm) at a tank
volume of 150,000 gallons with cooling water on, the tank temperature will increase about 1°C
per day. Under the same conditions at low pump speed (600 rpm) no tank temperature increase
has been detected. When four pumps are operated at 1180 rpm with cooling water turned off, the
maximum measured temperature rise is 3°C per day (reference 3).

During concentration it is not necessary to have “complete” mixing since the objective is to
remove the liquid Lractionand the filter is more efficient with lower solids<ontaining precipitate.
Therefore, the mixer pumps can be operated at low speed and avoid tank heat up during
concentration. The tank contents are also heated by radionuclide decay, but the effect is
negligible compared to the effect of mixer pumps (reference 3).

The filtrate produced (decontaminated salt solution) is stripped of residual benzene prior to being
transferred to Saltstone. Decontaminated salt solution (DSS)and wash water (see below) contain
the same soluble species as Tank 48 including NaTPB and benzene. It has recently been
determined that Tank 22 (the original wash water storage tank) is not suitable for this service.
Therefore, Tank 22 will be removed from the ITP Facility flowsheet and Tank 50 will be
substituted as a wash water storage tank. DSSwill be sent directly to Saltstone. A new DSS
storage tank is being considered to improve production capability.

Two to four additional precipitation and concentration cycles are then processed in subsequent
batches to increase the amount of precipitate available for washing. The batch size and number
of batches vary depending upon the new waste cesium and potassium concentrations and upon
any volumetric limits imposed upon Tank 48.

3.3 WASHING

Upon completion of the concentration phase, the precipitate remdning in Tank 48 is washed to
reduce the sodium and nitrate content of the precipitate remaining in the tank The precipitate is
filtered in a cycle similar to the concentration cycle. Wash water is added to Tanlc48 at the same
rate that spent waah waterisbeingremovedby the filtering process. Wash water is well water
that has been treated with the corrosion inhibitor, sodium hydroxide. Washing continues until
the soluble sodium concenmtion is approximately 0.2 molar sodium.

As described above, wash water also has the same soluble components (although reduced
concentration) as Tank 48, Tank 50 will be placed into wash water storage service. The stored
wash water will be recycled to Tank 48 for use as dilution water during subsequent batches.

As with concentration it is not necessary to have “complete”mixing during the wash step. The
objective is not really solids washing (via wash water/solids contact); instead it is soluble
component dilution. The tank needs to be tied sufficiently to ensure that the wash water is
mixed with the salt solution. Mixer pump operation at low speed to avoid tank heat up is
adequate.
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3.4 BENZENE STRIPPING

The benzene stripper columns remove benzene from the filtrate or wash water stream. Benzene
Stripper Column 1 is used during the concentration cycle; Benzene Stripper Column 2 is used for
the wash cycle. The two stripper columns have different capaaties based on flow rate differences
between the concentration step and the washing step. The stripped filtrate is pumped to one of
two filtrate hold tanks.

The filtrate is stored in the filtrate hold tank while being sampled. If the sample analysis is within
specification, the filtrate is pumped to Z Area. If the sample amdysis is unsatisfactory (e.g.,
contains unacceptable levels of benzene), the filtrate is gravity drained back to Tank 48 for
reprocessing.

Tributyl phosphate is added as an anti-foam agent to the filtrate in the ITP process system.
Excessive foaming hampers benzene removal in the benzene stripper columns.

3.5 FILTERCLEANING

Following each concentration and wash evolution, the Precipitate/Filtrate System is chemically
cleaned. This cleaning consists of flushing the process piping with inhibited water, followed by
additions of oxalic acid and/or caustic (NaOH). The piping is again flushed with inhibited water
to remove any remaining acid or caustic.

The addition of oxalic add is known to startdecomposition of TPB. The returnto Tank48 of the
spent oxalic add solution (2(X)-250 gallons following threesoak periods) has the potentiid to start
decomposition. The cleaning solution is returnedto Tank48 with the mixing pumps operadng to
ensure rapid neutralization (the neutralization reaction rate significantly greater than the
decomposition reaction rate). Calculations have been completed which indicate tank mixing is
adequate to ensure rapid neutralization (reference 4).

ProcessVerificationTeat1(Pm-l) included a full scalefiltercleaningoperation as described
above. The report on the teat data is deliverable 5.2.2-3 of the Implementation Plan.

3.6 PRECXP~ATE STORAGE

The resulting washed precipitate in Tax&48 is transferred to Tank 49, using a single-speed
transfer pump through a dedicatad transfer Iine. The precipitate is stored in Tank 49 until
transferred to the Late Wash Facility, to an S Area storage tank located in the Low Point Pump
Pit, and then onto DWPF.

thuing storage,sodium nitrite(NaNOJisadded ss a corrosionconkd *- Howev=,
sodium Ntrite alters the acid hydrolysis reactionsin the DWPF Salt ?%xe@ng CelL For this
reason the sodium nitrite must be washed out priorto processing. This washing is conducted in
the DWPF Late Wash Facility (LWF).

Also during storage, benzene continues to be produced fromboth radiolysis and NaTPB
decompoaitiom As with Tank 48, the benzene retention and release is a function of several
parameterswhich need to be furtherunderstood.

.
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3.7 LATE WASH FACILITY

The LWF is similar in function and operation to the ITP Facility. The precipitate is received into a
6500gallon stainless steel tank where it is agitated until washing begins. The facility has the
capability to add NaTPB to precipitate any soluble cesium prior to washing and to add NaTPB to
the wash water to ensure the presence of sufficient TPB during the washing step. Direct NaTPB
addition is not anticipated.

The precipitate is recirculated through the filter and back to the Precipitate Hold Tank using an
1100 gpm low shear pump. The filter is identical to the ITP facility filter. Filtrate is collected in
the 6500 gallon tank and held until transfer to Tank 50 via a dedicated underground line to Tank
50. (As with ITP filtrate, Tank 22 was originally planned).

Unlike ITP no mixer pumps are required; the precipitate filter feed pump and agitator ensure the
tank is adequately mixed during washing,

The LWF has potential for benzene generation, retention and release as well. The ITT chemistry
program has been expanded to include a range of testing to satisfy the needs of the LWF to
ensure its safe operation.

3.8 SALTSTONE

Decontaminated salt solution is received into the 40,000 gallon Salt Solution Hold Tank (SSHT) at
Saltstone where it is held until it is mixed with flyash, slag and cement. The %kstone mixture is
pumped into a concrete vault where the %dtstone is allowed to cure.

Since the DSS contains the same soluble species as Tank 48 including soluble NaTPB, the
Saltstone Facility must also contend with the potential for benzene generation and accumulation.
The ITP chemistry program has been expanded to include a range of testing for DSS in Saltstone.

●
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For the reasons provided above, the following HLW complex flowsheet changes have been accepted.

● Tank 22 has been removed from the flowsheet and will not receive spent wash water,

● Tank 50 will be converted to spent wash water storage for both ITT and LWF.

● LWF wash water will be rerouted to avoid the possibility of inadvertent transfers to other
parts of the tank farm by the addition of a dedicated underground transfer line to Tank
50.

● DSS will be pumped directly from the ITP Filtrate Hold Tank to the %dtstone SSHT. (A
new DSSstorage tank is being considered for production improvement.) A new valve
box will be required to allow the Filtrate Hold Tank transfer pumps to go either to
Saltstone or Tank 50,

.
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5.0 PROCESS CHEMISTRY CHANGES

The following actions will be taken to maintain the benzene generation, retention and release as low as
possible for each part of the High Level Waste complex:

● The excess (above stoichiometric) NaTPB added during the precipitation step will be
limited to less than that which is soluble (about 170/’of stoichiometric excess at 5.0 M Na
saIt concentration). Based on the current understanding, this amount of excess is
sufficient to ensure the DSS is less than 35 nCi/ g.

● Since the stoichiometric amount of NaTPB depends upon the amount of Cs and K in the
fresh waste, and the K has a high analytical uncertainty, the NaTPB will be added in
batches. By adding less than the stoichiometric amount and sampling for soluble Cs, the
addition amount can be more accurately determined. The target total addition will be the
stoichiometric equivalent plus the amount required to maintain an excess of soluble
NaTPB without producing solid NaTPB. This should result in a soluble Cs concentration
e 35 nCi/g.

● The temperature in all tanks containing TPB species (or decomposition products) will be
limited to a specified value. This value will be based on the kinetic information obtained
from the chemistry program. The temperature limit is expected to be in the range of 35 to
45”C.

● This temperature limit combined with the molar excess NaTPB is expected to maintain
the soluble Cs concentration less than 35 nCi/g for up to one month, providing adequate
time to complete filtration. The wash water soluble Cs concentration must be maintained
c 10,000 nCi/g, based on the shielding limit for the filter building. If process times
lengthen such that the soluble Cs exceeds these limits additional NaTPB will be added to
reprecipitate the Cs.

● Target additions of NaTPB for reprecipitation will be based on the stoichiometric
amounts plus the molar concenbation excess required to maintain the total mass of T’PB
solids in equilibrium such that the resulting soluble Cs is again less than the limit.
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Using the operating strategy described above, there are several key operational interfaces between the
HLW complex facilities. Interfaces between ITP and other HLW complex tank fa.mndiversion boxes and
pump pits are being eliminated except for waste transfers to ITT. The key remaining interfaces are
described below:

6.1 SALTSTONE

During DSS production, ITP and %ltstone will be close coupled (lTP filtrate hold tank will be
pumped directly to the SaltStonesalt solution hold tank). The ALARA guidelines for current
%ltstone shielding is 35 nCi/g, therefore the DSSmust contain c 35 nCi/g. (In the past this limit
was 85 nCi/g based on the DSSblending with other waste which occurred in Tank 50. This
blending no longer exists.)

The DSS will contain the same soluble compound concentrations as Tank48,including the
soluble NaTPB, NaTPB decomposition products and benzene. Benzene will be reduced to less
than 5 ppm for wash water and 2 ppm for DSS(per process requirements) using the stripper
column.

The chemistry program desaibed below includes the necessary range of testing to gain an
adequate understanding of benzene generation, retention and release for DSS. As with Tank 4$,
appropriate controls will be placed on the potential fuel (lNaTPB,decomposition products, and
benzene) and processing tempemturetoensuresafestorageand handling of DSS at !hltstone. I

6.2 LATE WASH

Late Wash will receive the concentrated precipitate which has been stored in Tank 49. Based on
the amount of NaTPB added in Tank 48, process history (i.e., amount of washing) processing
temperature, and processing time in Tank 48 and 49, some NaTPB, decomposition products and
benzene will be present in Tank 49. The chemistry program is antiapated to validate the position
that benzene can be safely depleted from Tank 49 using the mixer pumps. Any remaining
potential fuel source will be transferred to Late Wash.

The chemistry programdeacrki below irtcludesthe neceasmy range of testing to gain an
adequate understanding of benzene generation, retention, and release under Late Wash process
conditions.

6.3 LOW POINT PUMP PIT

The LabsWashprecipitateproduct will be transferredto the low point pump pit precipitatetank
for storageprior to tmnsfer to the SaltProcessingCell in DWPF. The range of testing for Late
wash encompasses conditions m the low point pump pit precipitatetank

Based on the Hazards @alysia currently being completed for the facilities, and on validation by
the chemishy progranL some modifications to ensure safe pmcesaing maybe required for these
facilities.

*
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7.0 CHEMISTRY PROGR4M FOR RESOLUTION O F THE ITP BENZEN E ISSW

As described above, the chemistry program for resolution of the benzene issue at the ITP facility has been
expanded to include other affected HLW complex facilities. However, attempts have been made to the
maximum extent reasonable to contain the problem within ITT. The chemistry program is based on the
configuration described above. The chemistry program systematically evaluates the mechanisms and
conditions that may lead to benzene generation, retention and release. The dominant mechanisms for
each step will be identified and synergistic interactions evaluated to determine bounding conditions.
Experiments have been designed to challenge existing hypotheses and uncover weaknesses. The
experimental results will be confirmed with radioactive waste tests. The improved understanding of
benzene chemistry and behavior resulting from these tests will be used to provide the comprehensive
safety strategy needed for HLW complex operations.

The underlying philosophy described in the Implementation Plan is one of parallel activities supporting
the ultimate goal of achieving facility restart in a safe and timely manner. Some tasks will be initiated
based on existing data and bounding assumptions, while the work being done to confirm the assumptions
proceeds in parallel. This approach entails some programmatic risk (i.e., cost and schedule) should the
assumptions be proven wrong; however, it does not entail any safety risk.

Initial material balances have been completed to provide bounding values for the key parameters
affecting benzene generation, retention and release, based on current understanding. These bounding
values will be used in the development of the revised authorization basis and to drive the modification of
equipment, facilities, procedures and controls necessary to support safe operation. The initial results have
also been used to define further activities which will refine the bounding values for benzene generation,
retention and release.

The chemistry program will be performed in parallel with the authorization basis modifications. As
information is obtained, it will be evaluated with respect to the authorization basis development task to
ensure that

. the actual values of the safety analysis parameters are truly bounded by the assumed values, and
9 over-conservatism in the assumed values is removed as early as possible.

The result of this approach will be finalkation of the authorization basis and all associated modifications
to equipment and implementation of other controls soon after completion of the studies and experiments.

There is a small programmatic risk that chemisty resulta obtained late in the process will indicate that the
employed values are not truly bounding. The potential time savings associated with the parallel
approach justifies accepting this risk In the unlikely event that the assumptions are shown to be non-
conservative, additional work vviUbe performed to ensure that the authorization basis and facility design
reflect the acceptablevalues prior to resuming operations.

7.1 GENERALAPPROACH

The thrust of this program is to determine the overall generation rate of benzene and understand
the parameters which affect benzene retention and release. This information is then used to
conservatively define the engineered features, operating limits and administrative controls
necessary to prevent and/or mitigate deflagration. These engineered features, operating Iixnits
and administrative controls will then be incorporated in the authorization basis for ITP, and other
HLW complex facilities as necessary.

The chemistry program consists of a series of tests using simulated waste to determine the
generation, retention and release mechanisms while varying key parameters such as catalyst

.
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concentration and temperature to include bounding conditions. The experiments incorporate
both statistical and single variable designs. The bounding tests will then be confirmed with
radioactive waste. These confirmed bounding generation rates will be used in conjunction with
the slurry physical properties and ITP mass transfer coefficients to determine a bounding release
rate from the slurry to the vapor phase. This release rate will then be used to confirm the
adequacy of existings ystems and in developing design bases for new engineered features or
administrative controls, as necessary. The planningand results of the chemistry test programwill
continue to be reviewed with externalexperts in several technicalareas including organic
chemistry, catalysis, mass transfer, safety, tank mixin~ and other areas as appropriate.

Thechemistry tasks must accomplishthe followingobjectives

Benzene Generation Knowledge of the benzene generation rate, when combined with the
bounding liquid retention capaaty, is essential for determiningg the time between pump runs to
achieve adequate benzene depletion. This knowledge is also needed to define process operating
parameters to reduce the potential for benzene generation This information is necessary to
support future OSR controls for operating in air-based ventilation (major maintenance), for
noxmal operation, and when the tanka are not processing. To arrive at this position, sufficient
information to bound the benzene generation rate from radiolytic, thermal, and chemical
breakdown of NaTPBand its intermediates is required. Froma safetyperspective, this
information may be limited to assuranceof acceptablerates at some threshold temperature, some
bounding radionuclide concentration,and some boundin~ known catalyst (provided the
administrative controis are in place to verify subsequent batches do not contain an unknown,
more ative catalyst). Appropriatecharacterizationwillbeperformedusingtheactual
radioactivewaste feedsto& including the residual waste in Tank 48, for each batch to be
processed in ITP. The potential impact of temperature and othersignificant variables on TPB
solids decomposition must also be knowm

Benzene Retention: The retention mechanism(s) must be adequately understood to determine
those operations, conditions, and events which can lead to planned and/or inadvertent benzene
release. The retentioncapaaty and rateof benzene accumulation in precipitateslurries must be
understood to define the inventory of benzene available forrelease during worst case operating
conditions (permittedtime in air-baaedventilation mode). To arriveat this positi~ suffiaent
knowledge of the liquid benzene retentionmechanisms at bounding liqu.id/solkls concentrations
and validation of the meckmkms forcontrolled release/depletion of the retainedbenzne must be
achieved. Improved knowledge of beruzne retentionmeckdsma wiLtsupport and focus the
effort to establish* controls.

Benzene Release I@owledge of the releaserateof tie vapor is necesary to define time of
operation and aped of slurry pumps to safely deplete the precipitateof benzene, to determk
the impact of liquid additions on vapor concentratim and to bound the maximum possible
release from a seismic event during air-baaedmaintenancemode. To arriveat this poai~
suffkient informationmust be obtained to bound the benzene release rate frombounding
liquid/solids concentratbna, from pump operations, fromworst case releases from a liquid
benzene layer, and due to seismic vibration This informationis to include the effect of
temperatureand liquid/chemical additions on the releaserate.
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7.2 BENZENE GENERATION

7.2.1 Issue Stateme@

The current scientific understanding of the reactions leading to the generation of benzene
must be improved to ensure that measures to prevent deflagration are adequate.

7.2.2 Resolution ADmoach

The precipitation of CS-137 uses an excess of sodium tetraphenylborate. Excess NaTl?B
will be limited such that no solid NaTPB is present while the KTPB and CSTPB are largely
present as solids (precipitate). Soluble TPB species, and possibly solid TPB species, will
undergo decomposition.

Research to date has investigated several potential decomposition mechanisms including
radiolysis, thermal breakdown, mechanical destruction, acidic reactions and catalysis. As
described in the Implementation Plan (reference 1), radiolysis, thermal breakdown, and
mechanical destruction have been investigated and are adequately understood. It has
been postulated that benzene molecules may be trapped in the solid NaTPB crystal
lattice. The “new”flowsheet reduces the trapped benzene hazard by eliminating the solid
NaTPB.

Acidic Reactions

The addition of acid(s) is known to result in the destruction of TPB (reference 5). The
cross-flow filter in ITP will be cleaned periodically via three separate soaks with 200-250
gallons of 2 wt% oxalic acid per soak. Cleaning solution is returned to Tank 48 with the
mixing pumps operating to ensure rapid neutralization with the existing hydroxide in
Tank 48 before initiating TPB decomposition (decomposition is much slower than the
neutralization reaction). Calculations have been completed which indicate tank mixing is
adequate to ensure rapid neutralization. PVT-1 included a full scale filter cleaning
operation. Data will be obtained to determine the effect of the addition on benzene
generation. This data will be reviewed to determine if additional laboratory or plant data
is required.

CatalyticDecomposition

Catalytic decomposition of soluble and potentially solid TPB species has not been as
thoroughly researched as the other decomposition mechanisms. Therefore, catalytic
mdanisms will be a key focus of the chemistry program.

In TPB chemistry, synergism could exist between two factors descrikd above, e.g., effects
of radiation and temperatureon TPBreactionrates. If synergistic effects are indicated by
the statisticallydesigned experimentswith sirnulanta,then furthertesting of the key
variables involved may be requiredto fully quantify the effects. However, specific tests
in this areacannot be prescrbed @il the interimresults of testing on catalytic
decomposition.of soluble TPBhave been evaluated. Issue resolution is focused in two
areas soluble TPBdecomposition and solid TPBdecomposition.
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7.2.3 TPB D~
. .

Discussion related to soluble TPB decomposition is broken into two segments:
mMmizing NaTPB usage (to minimize potential benzene generation) and understanding
decomposition pathways and rates of reactions. An understanding of the pathways and
reaction rates requires the identification of catalysts for TPB decomposition and
measurement of reaction kinetics. The details regarding the test plan for catalytic
decomposition of soluble TPB are found in Appendix A.

7.2.3.1 Minimum NaTPB

The decontamination requirement for removal of soluble cesium is c 35 nCi/ gm.
This requirement is achieved by the extremely low volubility of cesium
tetraphenylborate in high ionic strength solution and in the presence of soluble
TPB. To achieve the high decontamination factor, excess NaTPB is added to the
solution to force the cesium out of solution and to improve the precipitation
reaction rate. The “excess”of TPB concentrationcauses cesium to precipitateand
establishes equilibrium to the right side of equation 1. To decrease the
concentrationof NaTPB while maintaining the cesiurn decontamination factor
requires an accurate description of the factors influencing the volubilityof cesium
tetraphenylborate (CSTPB)and potassium tetraphenylborate (KTPB) as well as
the rate of the precipitation reaction. Previous equations used to calculate the
CSTPBand NaTPB solubility(reference 6) were based on work by E. Siska
(reference 7’).These equations were not consistent with observations during
testing and demonstration of the ITP process. Further testing is undemay to
determine the equations that more accurately predict the volubility of GTPB and
KTPB.

CS+(AQ+ TPB-(AQ<-K ~—> CSTPB(mM) Equation1

The equilibrium volubilityproduct constant of CSTPBcan be descrbed by
equation 2.

Where [Cs+land ~R] are the molar concentrations of the aqueous species and
~ and gm are the activity cdficients. The activity cdficienta are desmibed
by the Debye-Huckel equation (reference8) for diIutasolutions, but must be
ad- for the ionic strengthformore concentratedsolutions (MJ.01m).

Work will be conducted in parallel with the volubilitystudies to determine the
gross effect of NaTPB concentration on the rate of the precipitation raacdom For

P~g effkknq the precipitationreactionshould occur within 24 hours of
the final NaTPB strike.

The analytical dataused to predict the Cs+, K+ and TPE equilibrium volubility
product constant will be detemhd as a function of temperature. The impact of
theratioofpotasaium tocesiumas weilasthepmaeswa of OI@CS and Otht?I

ions on the equilibrium volubilityconstant will be detemind

.
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Equations 1and 2 then provide the ability to predict soluble Cs+, K+ and TPB-
concentrations. Accurate process material balances can then be produced which
reflect the minimum amount of NaTPB required to achieve the soluble Cs
concentration desired. When combined with an understanding of soluble NaTPB
decomposition (see 7.2.3.2) an additional amount of NaTPB can be included to
maintain this decontamination level for the period required for processing.

7.2.3.2 Soluble NaTPB Decomposition Pathways

Following the unexpected benzene release during initial radioactive operations, a
systematic program of tank sampling and laboratory testing was begun to
understand the chemistry. A detailed report of these studies was issued on May
10, 1996 (reference 9). Key conclusions from this report are as follows:

● The major reaction which decomposed the excess NaTPB in Tank 48
occurred in November and December 1995. After consuming all of the
excess NaTPB, the reaction subsided.

● The reaction consumed all of the available solid NaTPB in the tank, but
no significant amount of insoluble potassium and cesium
tetraphenylborate reacted.

● Benzene was the major product of the decomposition, Phenol and
biphenyl were minor products, and phenyIboronic acid was a semi-stable
intermediate.

● The average rate of benzene generation in Tank 43 during the rapid
decomposition reaction was at least 1,000 times faster than the current
generation rate based on radioactive decay and the reaction of residual
‘TPBdecomposition products and may have been much greater at peak
rates (reference 9).

● Laboratory tests with simulated waste have produced rapid
decomposition of NaTPB similar to Tank 48 in stoichiometry, rate, and
extent of reaction. These tests demonstrated that copper ion and sludge
solids increase the rate of decomposition of tetraphenylborate slurries
(reference 9).

Baaed on this work (and the understanding of TPB slurry hydrolysis from
DWPF), the primary soluble ‘IT%-decomposition reaction path is thought to be
tetraphenylborata (TPB or 4PB) to triphenylboron (3PB) to diphenylboronic aad
(2PB) to phenylboric acid (PBA or lPB) to boric add (H3 BC+) releasing a phenyl
ring at each step producing primarily benzene but also producing phenol and
biphenyL The reactions are catalyzed by copper and other species.

Work to date has indicated that soluble copper maybe the primary catalyst for
the last two reactions in the decomposition chain (2PB to lPB to H3 B03), but
does not fully explain the high generation experienced in Tank 48. Additional
catalysts are being identified for the first part of the reaction chain. The reaction
mechanisms descriki above will be confirmed or other mechanisms elucidated.
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Based on the above reactions, solubdity and kinetic expressions have been
developed which match Tank 48 benzene generation. These expressions have
been applied in material balances for ITP and the interface points with Late Wash
and Saltstone. Parametric calculations dete rrnining the impact of tank
temperature and amount of excess NaTPBhave been conducted. These
preliminary material balances are being used for Authorization Basis and design
basis work which is proceeding in parallel with the chemistry program.
Determinationof an adequate safetybasis willbe an iterative processusing the
results of facilitytesting,analyses,and chemistry test results. The impact of this
informationon eachsafetystrategy ahernative will be used to choose a defensible
safetybasis which is robust and cost effective.

7.2.3.3 Catalyst Identification

These tests seek to identify and rankNaTPBdecomposition catalysts or groups of
catalysts. Potentialcatalysts which will be included in the test matrixare
discussed in the test plan, Appendix A. Ratesof NaTPBdecomposition will be
measured to assess the relative influence of specific catalysts.

Testing will be conducted in two phases. In the prehminary teat phase, the
influence of experimental test conditions (e.g., reaction vessel, agitation, salt
solution composition) will be examined to define the best conditions for
subsequent tests. ‘Ihesecond experimentalphase consists of statistically
designed tests that focus on identifying key NaTPBdecomposition catalysts.

A first step in this testing develops and verifies an essentially complete sirnulant
which produces decomposition ratesand temperaturedependertcesimilar to that
observed in Tank 48H and provides the basis for furthertesting with sinudants.
Threegroups of potential catalystswill be examined organics, soluble metals
and insoluble solids. Teata involving each group will introduce a number of
similar species into the simtdant at concentrationsrepresentativeof those in lTP.
Details of the species present and theirconcentrationsmaybe found in the test
plan forcatalyticdecomposition of soluble TPB,Appendix A. The exclusion of
all threegroups fromthe simulant rendersan initial salt solution used to
establiaha baseline for the uncatalyzed NaTPB reactionrate. The inclusion of ail
of these groups in a test shotdd provide a “fully-loaded”simulant of the ITP
waste, and thus, should mimic the ~ NaTPBreactions. If a group is shown to
include active catalysts,additional testing will be defined to identify the specific
catalyst within the group.

As a matrixfor the catalystadditi~ the teatswill use standard aimulant
solutions based up data obtained in the pmliminq phase of testing. The
standard solutions aredeaaibed in the applicable test plain The preferred
reactiontemperature,v- ventilati~ agitati~ and sample frequency
informationwill be detemdned from the prehminarytests and held constant for
during the statisticallydesigned teats.

Catalyst identificationis essential to ensure that future production planning or
flowaheet development ddmizes catalystconcentrationor providea forpossible
catalyst remmd
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7.2.3.4 NaTPB Decomposition Kinetics

Testing with solutions which contain only Cu++, NaTPB, and caustic produced
TPB decomposition rates much lower than observed in Tank 48, Testing is
therefore required employing slurries which contain potential additional
catalysts or which otherwise alter the physical configuration of Cu++ to increase
catalytic activity.

The rate of NaTPB decomposition will be compared between the catalyst-
containing simulant and the sum of the individual component testing. If these
rates are similar to each other and Tank 48 then kinetic expressions will be
developed for the reaction mechanism described.

If the catalyst identification studies suggest significant catalysts (in addition to
copper) then additional kinetic testing for the individual components may be
required, to develop appropriate kinetic expressions.

These kinetic expressions will be used to predict the benzene generation from
soluble TPB decomposition using bounding conditions such as temperature and
excess NaTPB as described above. This benzene generation rate will be added to
the other known generation sources (i.e. radiolysis) for an “overall”generation
rate. This predicted overall rate will then be compared to the preliminary rate
and if necessaq adjustments to the Safety Analysis Report and design basis
documents will follow. The predicted overall rate will also be used as a
comparator for the actual waste confirming studies.

7.2.4 XIid TPB Decwq&saWm. .

Milestone 5.2.2-2 requires the completion of tests to determine if insoluble TPB
compounds contained in the ITP slurry can decompose at a significant rate under
expected process conditions. The preponderance of.data indicates that solid KTPB and
CSTPBdo not rapidly decompose under process conditions in lTP. However, concern
over direct chemical degradation of solid KTPB was raised when higher than anticipated
degradation was observed in early laboratory teats (references 9, 10). Further work is
required under closely controlled conditions to determine if direct decomposition of solid
phase KTPB and GTPB is a significantmechanism for generating benzene under the
conditions expected in the ITP and Late Wash processes. The teat plan for stability of
solid ceaium and potassium tetraphenylborate is found in appendix B.

7.2.4.1 Volubility Studies

Tests (desmibed in 7.2.3.2) will be conducted to determine volubility and
equilibrium data for KTPB and GTPB. KTPB and CSTPBsolubilities will be
determined as a function of ionic strength, temperature and ratio of potassium to
cesium. The effect of salt solution composition (ionic stmmgth)on GTPB and
KTPB solubilitieswill be determined. This work will allow the development of
volubilitycorrelationsfor use in modeling.

7.2.4.2 solid Phase Reaction Modeling

A theoretical evaluation of potential solid phase and solution phase reactions will
be performed to determine if direct decomposition of solid ‘IT%compounds is
significant compared to solution phase decomposition. This evaluation will
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consider the thermodynamic properties of the reactants and products of the
reactions related to TPB decomposition.

Currentlyavailable volubilitydata, kinetic data on chemical degradation of
soluble TPB, and kinetic data on radiolytic degradation of TPB will be used to
model TPB degradation. The results of this modeling will be compared to
observed data on the rate of increase of soluble CS-137 during previous tests.

7.2.4.3 SolidTPB Decomposition Testing

Radioactive waste from Tank 4Bwill be used to develop improved baseline
chemical kinetic data for solid phase KTPB decomposition. The effects of KTPB
solids concentration, sodium molarity, excess soluble TPB, and temperature will
be tested directly. Concentrationsof intermediate decomposition products will
be monitored to determine if they affect the observed results.

The goal of the radioactive waste testing is to determine under controlled
conditions if decomposition of the solid KTPBcan be achieved, and to identify
the controlling parameters. The tests have been designed to provide an
improved data baseline using real waste to provide the basis for designing the
Simulant studies.

After a baseline for solid KTPBdecomposition has been obtained using Tank 48
waste, additional tests using non-radioactivesirmdantwill be done to obtain
kinetic data to refine the TIT!decomposition model. The specific set of variables
to be varied in the simulant testawill be determined as a result of the radioactive
waste testing.

7.3 BENZENE REI’ENTION AND RELEASE

7.3.1 ~ -

The Currentscientificunderstandingof the mdmisms ilWOh@dwith the retentionand
releaseofbenzene in the ITPSystemmust be improved to ensure thatmeasures to prevent
benzene deflagmtionareadequate.

Meammmnts madeduring ITTBatch1 indicatethatsignihcantquantitiesof benzene wem
mtainedwithintha liquidalurry(mfemnce9). Theextmtofthis retentionwassignificmtly
greaterlhan Soiubility(mfemnce11). Duringpump opera- signifkant concentrationsof
benzmawemmleaaad intothetankvapor space,butthebenzene Concentraticmrapidly
decmaaedwhenpurnpa wereturnedoff.

continuedbenzene generatiwithoutperkdic removal(e.g.,pump operation)can
potentiaIlylead toabenzenelayernear theliquidmrface. Disturbmceofthe liquid surface
wouMleadto benzenatiby immedia&evapomtion.Suchap~ was likely
obaervedinearly ml%$. Thehighmleasem* canleadto concentrationgradients
above the CLPLdue to tiw evaporationrateexceeding b tankvapor space mixing.
understadn gtherete!ntionandreleaae~ “ providesinfonnationnllmmuyto
developadminidmtivecontrolsand/or engineeredfeatures

.
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The physical and chemical basis for benzene retention and release will be characterized in a
series of tests with sirnu.lant slurries. The postulated retention mechanisms include:
volubility effects, formation of emulsions and rag layers, formation of free layers within the
liquid phase, and benzene retention by the TPB solids. The primary factors that could lead
to benzene release are diffusion, decrease in benzene volubility, changes in solution specific
gravity, liquid additions, surfactants, and mechanical agitation (created by pumping or
addition of liquids).

The studies of benzene retention and release are necessarily linked, and the work
described in sections 7.3.5 and 7.3.6 will shed fight on both retention and release. Current
understanding suggests that more than one benzene retention mechanism is involved,
depending to a large extent on benzene concentration in the slurry. The ease with which
benzene is released, and hence the release rates attainable are related to the retention
mechanisms.

The definitionof the “apparent volubilitylimit” is key to understanding the retention and
release tests, In a liquid-liquidsolution with limitedsolubi.lities(such as water and
benzene), the equilibriumvapor pressure of thebenzene above the solution is less than the
pure benzene vapor pressure at the same temperature as long as the solution is not
saturated with benzene. When the solutionreaches the saturation point (incipient twe
phase liquid), the benzene vapor pressure over the solution is equal to the vapor pressure of
a pure benzene phase. It has been observed that benzene can be retained in KTPBslurries
at much higher concentration than in salt solutions. As benzene is added to a slurry, the
equilibriumvapor pressure over the slurry increases until it reaches the vapor pressure of
pure benzene (consistentwith Hemy’s law). This is the point defined as the apparent
volubilitylimitfor benzene in the slurry.

At a concentration of benzene below the apparent volubilitylimit, there is defined
relationship between the vapor and liquid concentrationsof benzene. Better
understanding of this domain requires determination of the vapor/liquid equilibrium
constants. Other primary factors that need to be understood are the capacity of the slurry
to retain benzene up to the apparent volubilitylimit, the effect of variable parameters on
the retention capaaty, and the concentration of benzene in the slurry when the apparent
volubility limit is reached. Work on understanding the capaaty for benzene retention
and release in this domain is ‘&cussed in section 7.3.6, Benzene Retention and Release up
to the Apparent VolubilityLimit.

Whenbenzene in the slurry exceeds the apparent volubilitylimit, it is postulated that the
dominant retention mechams‘ m may change. In order to conbol the process,it is
necessaryto understand the retentionmechanismofbenzene above the apparent
volubilitylimit,and whether changesin the retentionmechanismaffectthe ease of
benzene releasefrom the slurry.

Previous observations have led to the postulation of a “readilyreleasable”stage that is
reached at very high slurry concentrations of benzene. At the readily releasable stage, the
slurry may behave as if a pool of pure liquid benzene is present. Key questions that need
to be answered regarding this domain are the dominant retention medmism and the
release rate that may be achieved.

The studies deaaibed in section 7.3.5 focus on de@mining the dominant retention
mechanisms above the apparent volubilitylimit and deternumn‘ - g the capaaty of the
slurry to retain benzene above the apparent volubilitylimit. Studies will attempt to
identify characteristics associated with the readily releasable stage of benzene retention.
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The effects of temperature, solids concentrations and surfactants on retention mechanism
and capacity will be considered.

7.3.3

LiquidSoluhlity
Measurements of benzene volubility in simulated waste solutions, including NaTFB, have
been made (reference 12). The dominant factor affectingvolubilityin these measurements
has been the Na ion concentration and to a lesser extent; temperature. Surfactants are
known to have an effect on volubilityof imxnkible systems. Low concentrations of
surfactants, like txibutylphosphate, are used in ITF and related processes. Some NaTPB
decomposition products may alsobehave as surfactants. Therefore, more tests of benzene
solubdityin slurry containing surfactants willbe conducted. The additional tests will
consider examining benzene volubilityover the range of Na ion concentration, temperature,
surfactant concentration, and decompositionproduct concentrations that are expected in the

~m process.

Emulsionsand kg Layers
Systems involving two liquid phases can foxmdispersionsor emulsions which could
increasebenzene retention. With sufficient time, emulsions may coaksce into separate
phases. However, systems containing pardculates and other organic films typically inhibit
coakceme and form “rag”layers. Formation of dispersions and emulsions has not been
studied in previous testing with waste slurries at SRS. Tests will be conducted to determine
WhethertWxUeIWdiSp&XdOIWd @dSiOiMfO171’iWithh SiMUkted~ WW@Slurryand
filtmte. Surfactants and solids distributionmay have a signifkant role in emulsion and rag
layer formation and willbe considend in the development of these tests.

FiveLayers
hmkibk SySteXnSa fOXInfreehiye.raeitherby CO&SXll@ofpreviouslyformed
emulsionsor by entrapmentunder a layerofmaterialthat formsa retentivebarrier
(reference13). SuchIayera(rdglayersand h layers)have been postulated as the
explanationfor the rapidrekaaeof benzene with an apparentlynon-uniformdistribution
that omurred in early -1996. Free layer formationhas not been studied in previous
testing with waste slumieeat SRS. Surfactantaand solids distributionmay have a signifimnt
mktifomtiaoftib~ dwk~kb~titi~ Tes@will
be conductedto ~tikmtiof~ h~htiktih~titi~w=~
slq~~~~; ~titik, ti~ti~x~~~a~h~tih
detemimd Testdevelopmentwillconsidersaltconcentmtiomsurfmant Concentitions,
solidsCcalcentratimand benze!mConcentratical.btiwcoruliticms aledehed,
evaiuatioctswiilbeconductedtod etermim controlsrwcemmyto avoid thoseconditionsthat
k8d to rag ~ and freelayersas~ to ~~ developmentand iInp-@tiOIl
Oftherevisedsafety stmtegyo

S&is Rst@im
mmmtim-bhwmtiym-~dokoxtih
thewaste slurry. Sludgedida may ako havemm potmtialfor adsorptionof organka.
h~wyhvem@~bb~~*m*Mm*ti-of
thesolids. SuchCoatingsordfopkta mayresultfrmmrnamaqk cmtactwithbenzenein
theslurryormayreauk fromgrowthornuckadon ofa~~ Mokcuksof
~canform~hyerson thesolidsorhmokcukrclustersor~.

Somedegreeofinvohfenle!ntinbenzene
ecmaaesinbenzasw vapor preasureova

Solutionswithincmshgsolids cantent(mfemncen). Benzmel’elsmbby TPBsolidawiu
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be measured at Na ion concentrations and weight percent solids that cover the anticipated
range of ITT operations. %rfactants may have a role in the formation of droplets and
coatings and will be included in the development of these tests. Key solids retention
mechanisms (adsorption, rnicelles, etc.) will be identified.

7.3.4 Postulated Releaw Mech~~

The primary factors that could lead to benzene release are diffusion, decrease in benzene
volubility, changes in solution specific gravity, liquidadditions, surfactants, and mechanical
agitation (created by pumping or addition of liquids). As the benzene retention studies
proceed, other factors may be identifiedfor evaluation. Each factor is brieflydescribed
below:

Dt@ion
After the addition of salt solutionand NaTPB for ITT Batch 1, benzene concentrations in the
vapor space were less than 10-20 ppm in the Tank 48 vapor space when mixing pumps
were not in operation. Thiswas observed even when several thousand kilograms of
benzene were present (reference9). Thus, diffusionfrom the slurry is a minor factor in
benzene release. %.ffiaent informationis availablefrom 1995-% ITTplant operations to
determine mass transfercoefficientsfor Tanks48 and 50 in the unagitated state. This
informationwillbe evaluated and documented.

Decreasein Volubility
Benzene volubilitydecreases with lower temperatures and increased salt concentrations.
Presence or absence of surfactantacan change the volubility. Studies willbe conducted to
better quantify the effectsof temperature, salt concentration,and surfactant additions on
benzene volubility(see Sec. 7.3.5) and those results willbe equally applicable to releases due
to volubilitychanges.

Decreasesin SolutionSpeczj5cGravity
At the start of the lTP precipitationcycle, TPB solidsare suspended at or near the surface of
the approximately 5 molar sodium salt solution (reference 14). This layer of solids is
believed to impede benzene releaseby adsorption on solids, trapping of benzene bubblesor
droplets, etc. At later stagea in the process, the specifk gravity of the precipitate slurry is
reduced via washing and the solidswill tend to settle. Tests willbe conducted to determine
the effectof solutionspecifk gravity and frequency of mixing on benzene release rates (see
section 7.3.5).

w ~witi

Benzenereleases that occurred during water additions in the 1983 lTP plant test were
originally thought to be due to the release of trapped benzene that had k produced by
radiation damage to excess NaTPB in the tank. The excess present as soiid NaTPB receives
a large radiation dose during the precipitationand filtrationsteps m the ITP process.
Benzeneproduced during this time is locked into the TPB crystal Iattice. During the
washing step, water is added which dissolves the TPB crystal and thus releases the trapped
benzene.

Recent work (reference 15) has shown that the expcted radiolytic production of trapped
~ under COIlditiOnSOf~ O~tiOXl is lLXltimesSiOW~thanpreviously thought
Thus, the impactof liquid additionson benzene releasewill be due primarilyto Iodized
agitationfromthe streamof liquid disturbingthe waste surface. Benzenereleasesthathave
occurredduring previous liquid additiona(e.g.,flushes duringmaintenanceactivities)will
be evaluated and documented. Liquidadditions in ITTwill be conductedunder test
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controls to validate the expected impact of liquidaddition. Detailsof this testing will be
developed separately in preparation for milestone5.2.4-3.

MechanicalAgitation
The fact that mechanical agitation will lead to significant increases in benzene release rates
is well established (reference 9). Mechanicalagitation by mixing pumps was very effective
in the removal of benzene retained in the Tank 48 slurry. All of the benzene attributed to
excess NaTPB decomposition was accounted for by vapor release sampling. Conservative
computational fluiddynamics modeling shows that the lTP tanks will be well mixed at
volumes up to 64)0,000gallons which corresponds well with data obtained during the
processing of batch #1. The volume of future batches willbe limited to 600,000 gallons to
ensure that retained benzene can be released via operation of mixing pumps. Future testing
in Tank 48 is being considered to determine if adequate mixing can be demonstrated at
higher tank volumes.

Mass transfer coeffiaenk were developed frombenzene vapor-liquidequilibriumdata
horn Tank48 (reference16). Also, mass transfercoefficientswere calculatedforTankSO,
but limited data forTank50 preventeddeterminationof accuratevalues (reference16).
Tank48 and Tank50 mass transfercoefficientswill be revised as more plant databecome
available. The effectof tankvolume, solids concentrati~ and energy input will be
considered in the determination of mass &ansfercoefficients Laboratory tests willbe
conducted to evaluate the effectsof temperature, salt concentration (specificgravity),
surfactant concentrati~ and solidsconcenbation on vapor-liquiddistributionand benzene
releaserates. Mass transfercoeffichta will also be developed for Tank 49, or Tank 48 data
willbe used to provide bounding vahwa for Tank49.

The effectof seismic agitation willbe evaluated to ensure benzene release by this
meckmism isbounded by other mechanisms. The seismicevaluation does not involve
laboratory testing.

7.3.5 ~ve ~
. . . .

&mtidtive,h*@-tidmti~Aum~m
interdependentwithbaa requiredtodefineretentiohmeckims and capaaty. Testing
of benzene retentionand releaseabove theapparentvolubilitylimitwill address two goals.
-h predominantmdadama forretentionofbenzene rnlTPfiltratewillbe defined. The
apaa~A~tiof~ m~tibk~h T~4Aqtih
detemhdasa flmcthlofcontroiling parametm
_ of a@a~ p~

(temperature,TPBConcentraticm
of insolublesolids). Ah retentionmdaniam is better

umk@od#therelated relaase~ rnaybedetembd

Thraeareaaoftestingvvillbepursued mefhstwiu concentrateon ttwdevelopment and
applicatkmofdirectnwttmda for~~reten~in~ Theaecondwill
p:dmmlliesliesottla teata”,benchscalew Vvhichvarykeyparametm and measure

retadm. Thethirdwillprovid eabrgeacakdemonstrado nto
measureretenthmcapaaty and identifyany effectsof scalingon retention

Dinct Obsmdon OfRctuindBe?tzne
Potantialobservaticcd mathod8include (butarenot W to) optical microscopy,
ultraviolet dcmwopy, and magnetic mmnalwe ima~utikingberwene apecifkdyesas
appropriate.These methodawiUbe pursued toprovidadimct observationof benzenein
liquidaanddurria& Themethodawiilalsoprovidesupporttothefolldngti
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BenchSea/e‘Testsfor Benzene Retention
A series of tests will determine benzene retention capacity and releasability as benzene is
accumulated beyond the apparent solubil.ity limit. Tests will be performed without
agitation of the slurries. The effect of time, temperature, and KTPB concentration will be
determined. Testingwillbe performedat increasingbenzeneaccumulationlevelsin an
attempt toachievebenzenereleaseratesconsistentwith those observed in Tank 48 in
,March, 1996. During these tests, the direct observation methods described above (and other
appropriate measurements) may be applied to define retention mechani.wm and capacities
under the various conditions. At the end of quiescent periods in these tests, release testing
will be performed to characterize relative release rates as a function of conditions.

Benz-meRetentionDemonstration
A limited set of pilot scale tests will be performed to detenn.ine the effect of scaling on
benzene retention mechanisms and capacity. These tests will focus on the retention
behavior over a period of one to two months (bounding the operational time period that a
tank might go without agitation). At least one test series will be continued over a longer
period to determine if there is a qualitative change in retention behavior over time. During
these tests, the direct observation methods desuibed above (and other appropriate
measurements) will be applied to define retention mechanisms under the various
conditions.

The results of the above tests willbe used to definebounding benzene retention capaaties
for lTP tanks under various conditions, and to definethe acceptable range of operating
conditions. The details of the test plan to definethe important berweneretention
mechanisms (Milestone5.2.3-1) and to determine the capacity and distributionof benzene
retention in Tank 4Bslurry as a function of controlling parameters (Milestone 5.2.3-2) may
be found in Appendix C.

7.3.6

Testa addressing benzene retention and release up to the apparent volubilitylimitwill
determine the apparent volubilityand slurry/vapor equilibriumratios for KTPB shuries as
a functionof temperature, salt solutioncompositionand concentiatiom Tests will also
determine if insolublesolids,absorbedradiation dose, decompositionintermediates,
surfactant concentrationsor aqueous specificgravity have significanteffects.

Detailsof the testainvolvingbenzene retentionand release up to the apparent volubility
limitwillbe provided as the testplan forbenzenereleasestudies(Milestone5.2.4-l),and
maybe found in Appendix D. Completionof the work to definebenzene release
mahaniam will include calcdation ofbounding mass transfercoefficientsfor ITP tanks
(Milestone.5.242).

The efkt of wateraddition and tankdilution on slurrybenzene retentionwill be tested.
This retention informationis needed to understand mdanisms that can lead to immediate
benzene release or release during pump operation. The experimental details for this test
serieshave not yet been defined. Thebenzene release rates due specificallyto localized
agitation from water or chemical additions willbe reported in Milestone5.243. The results
of these studies willbe combined with the results of the retention test to determine the
bounding quantitiesof benzene that could be retained in and released from waste slurries
under VaKiOUS COIUiitiOfiS @fikstone 5.2.44).

The combined results of all testingfor benzene generati~ retention and release, as well as
the confirmatory studies performed on real waste materia4 willbe used to complete
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cakulations documenting the bounding benzene generation, retention and release rates
(Milestone5.2.1-1). These rates will be compared to the bounding values used to initiate
development of the Safety Analysis Report to confirm the validity of the Authorization
Basis before initiating facility operations.

7,4 REAL WASTETESTING

Key elements of the testing described above willbe confirmed with appropriate testing using real
waste. The first set of real waste studies will simulate, to the maximum extent reasonable, the
actual conditions that will be encountered in the next phase of real waste processing. Waste
samples will be obtained from the tanks to be processed during cycle 1, batches 2,3, and 4 of ITP
processing. Parameters such as temperature and TPB concentrations will be selected to provide
conditions similar to, or credibly bounding those to be encountered in the processing steps. Since
the real processing will occur in three batches, the tests will be performed sequentially for the
three waste samples to be tested. The behavior ofbenzene,Cs,and appropriate intermediates -
will be monitored.

TWOmore sets of real wastes tests areplanned to observe behavior under more bounding
conditions. Other changes, such as the use of additional waste types or additional sludge solids,
are still being defined. The expectation is that the behavior observed during simulant testing will
be confirmed with real waste. Detailed requirementsfor the second and third set of real waste
testawill be developed based on the results of simulant testing. The detaila of the real waste test
plan will be provided in Appendix E.

The combined results of all testing for benzene generam retention and release, as well as the
confirmatory studies performed on real waste mati willbe used to complete calculations
documenting the bounding benzene generation retention and release rates (Milestone5.2.1-1).
These rates willbe compared to the bounding values used to initiatedevelopment of the Safety
Analysis Reportlo confirm the validity of the Authorization Basisbefore initiatingfacility
operations.
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8.0 Wow CONTROL ANI) RESPO NSIBILITIE~

8.1 APPLICABLE PROCEDURES

Site-wide and lower level procedures have been established at WSRC to assure the quality of
completed tasks that provide information related to the validity of, or changes to, a technical
baseline for equipment and processes at the Savannah River Site. For the research and
development work to be done as a part of this test program, and in the discussion below for
specific procedures, ITT Engineering functions as the Design Authority, while the Savannah River
Technology Center (SRTC) functions as the Technical Agency. Key applicable Quality Assurance
Procedures (QAPs) and the lower tier implementing procedures controlling the research md
development tasks performed by a Technical Agency at the request of a Design Authority are
grouped by the manual containing them and are summarized below.

8.1.1 WSRC 10- Oualitv Assurance lvfanu~ (reft=~ence 17)

● QAP 2-3 (Rev. 1), “Control of Research and Development Activities”

In QAP 2-3, R&D is designated a task if it produces information that will become
part of a Technical Baseline as defined in the E7 Manual, “Conduct of
Engineering and TechnicaI Support”, or if it is designated as a task by a requester
or a research and development Level 3 manager. A Task Technical Plan and a
QA Task Plan to cover designated tasks are required for information that will be
developed as part of the Technical Baseline. Section 8.0 of this QAP describes
requirements for writing a Task Technical Plan (TTP) and the requirements for a
QA Task Plan.

● QAP 2-7 (Rev. 1), “Program Requirements for Analytical Measurement Systems”

This procedure applies to WSRC analytical measurement organizations which
control their measurement systems and equipment with a documented
Measurement Control Program. Other measurement and test equipment is
calibrated against traceable standards, and periodically checked to establish if
recalibration is needed.

● QAP 12-1(Rev. 5), “Control of Measuring and Test Equipment”

This procedure defines the requirements and responsibilities for the control of
Standards and Measuring and Test Equipment (M&T’E)used to support WSRC
activities.

8.1.2

● Procedure 2.02 (Rev. O),“Baseline Technical Task Request (U)”

This procedure describes the preparation of a IT’Itby a Design Authority that
requesta technical services or information from a TechnicalAgency relatedto the
validity of, or changes to, a technicalbaseline.

● Procedure 2.40 (Rev. O),“Design Verification and Checking (U)” and Procedure
3.60 (Rev. 1), “Technical Reporta (U)”
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Procedure 2.40 describes a procedure for independently verifying and checking
an engineering document for accuracy against specified requirements by a
Technical Agency that develops the document. Together with Procedure 3.60, it
provides the requirements for document results in a technical report.

8.1.3

●

●

●

●

8.1.4

●

●

WSRC L1 - Sav~ver T~ Pro~

Procedure 4.19 (Rev. 3), “Technical Notebook Use (U)”

This procedure describes controls and guidance for using technical notebooks to
record technical work activities.

Procedure 7.10 (Rev. O),“Control of Technical Work (U)”

This procedure provides guidance in the use of procedures contained in the E7
manual at SRTC.

Procedure 8.01 (Rev. 1), “SRTC QA Program Implementation (U)” and Procedure
8.02 (Rev. 3), “SRTC QA Program Clarifications (U)”

These two proceduresestablish the system used to implement the WSRC Manual
lQ within the SRTC, including clarifications, expansions or definitions needed to
fully implement the lQ requirements.

Procedure 8.17 (Rev. O),“QA Records Management (U)”

Thisprocedure establishesthe requirements to identify,authenticate, receive,
index, store,preserve, retrieve,correct,and dispose of documents designated as
QA records.

The Analytics Development Section (ADS)of SRTC provides direct analytical
support (i. e., chemical analyses) for routine plant sample analysis, non-routine
plant sample analysis, and samples supporting research and development tasks
performed at SRTC.

WSRCManual L16.1- AnalyticalDevelopmentSectionAnalyticalOperating
procedures (mfemnce20)

Analytical operating procedures used by the ADSfor routine analyticalmethods
am containedm this manual. ProceduralControls,imtmmen t calibrations,
quality checks,and standarda used for these routine methods are controlledby
ADS.Quality assuranceof these routine methods are implemented in accordance
with QAP2-7.

Explomtory and Customer+ksaisted halytical PrOcdwes

Exploratoryand customer-assisted@ytical prod-am uaadby ADS when
an analyticalmethod is not suffkiently mature to be adopted as a routine
procedure for inclusion m hknual L16.1. For explomtory and customer-assisted
procedures, ADs has developed analytical procedure S@kieritiy to offer the
analysis on a non-routine basis only. Blind stamhrda and calibration standards
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are used in conjunction with these non-routine analyses to assure the quality of
the results. The processes that ensure the quality of non-routine analyses are
described in the specific Task QA plans. ADS persomel normally prepare
standards for exploratory procedures as part of the procedure development.
Customers submitting samples for analysis also prepare and submit standards to
ADS for customer-assisted procedures.

8,2 CONTROLS AND RESPONSIBILITIES

8.2.1 Work Contro&

● Preparation of T’IR

In accord with WSRC procedures, a series of Technical Task Requests (TTIG) will
be prepared that formally request technical assistance for services or information
related to the validity of, or changes to, the technical baseline for the ITP process,
After a completed TTR is approved, it will be forwarded to SRTC for their review
and acceptance of the task(s) specified in the TTR Key tasks and key parameters
will be specified in the TH?s.

● Preparation of lTPs and Task QA Plans

After a TTR is accepted by SRTC, a Task Technical Plan (TTP) and a Task Quality
Assurance (QA) Plan will be prepared, reviewed and approved by SRTC. The
TI’P formally describes the plan to be followed in the performance of a task to
obtain data and information that will be delivered to ITP Engineering in response
to the TTR. The Task QA plan defines and documents the QA contiols to be
implemented to assure both the validity of data and the satisfaction of the
requester’s requirements. As information is developed, revision of a TTP may be
necessary. Concurrence with a proposed change is required and the revised TTP
must be prepared by SRTC and approved by SRTC and ITP Engineering.

A TTP shall contain sufficientexperimental detail (e.g., ranges of experimental
conditions to be tested, description of controls, analytical procedures, equipment)
to assure that results obtained will provide the technical information needed for
the necessary control and understanding of the lTP process.

● Documentation of Experimental Results

Instructions, supporting information, experimental conditions and experimental
data generated to complete the described tasks will be recorded in bound,
numbered technical notebooks. AUwork shall be done in accord with the
approved TIT. Upon completion of the required experimentation, results will be
documented in a separate technical report. The report becomes part of the
technical baseline upon formal approval by ITP Engineering.

8.2.2

TTRs will be prepared by cognizant personnel representing lTP Engineering. The
responsible manager in the ITTEngineering organization must approve a TTR before it
will be transmitted to SRTC.
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For the tasks supporting this plan, a TTP prepared in response to a TTR will be prepared
by a lead scientist or engineer assigned to perform the tasks. The TTP is peer-reviewed at
SRTC for technical adequacy, approved by the SRTC Level 3 Manager (or his designee)
and submitted to the ITP Engineering manager (or his designee) for review and approval.
After review and concurrence by cognizant personnel within the ITP Engineering
organization, the ITP Engineering manager approves the TTP for the tasks supporting the
original TTR.

In conjunction with a TTP, a Task QA Plan is separately documented by the lead scientist
that prepared the T’IT. Approval of the Task QA Plan prepared in support of a TTP
must be approved by the SRTC Level 3 Manager (or his designee) and the SRTC
Cognizant Quality Function (CQF). Review and concurmnce by ITP Engin~ring with the
Task QA Plan shall also be documented.

SRTC will perform the tasks described in the T’Hls in accordance with the approved ‘ITP.
The lead scientist or engineer assigned to a task is responsible for maintaining technical
notebooks and preparing any Technical Reports based on the experimental work.

Draft Technical Reports that provide the information requested by a TTR will be
prepared, peer-reviewed by SRTC, and approved foi formal review by ITP Engineering.
After all comments on the draft report have been satisfactorily resolved, Technical
Report(s) will be formally approved by SRTC for issue.
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J.o Introduction & Fla~
.

The In-Tank Recipitation (ITP) facility at the Savannah River Site initiated
radioactive operation in Tank 48H in September 1995.During pump operation in
December 1995,benzene evolved tiom Tank 48H at higher rates than expected,
though the operational safety limit was never approached. Subsequent investigations
revealed the source of benzene was catalytic decomposition of excess, soluble
tetraphenylborate (TPB) present to assure adequate suppression of cesium
solubili~. T-l

In August, 1996 the Defense Nuclear Facilities Safe@ Board (DNFSB) issued
Recommendation 96-1 in which the Board recommended operation and testing not
proceed without an improved understanding of the mechanisms of benzene generation,
retention, and release. In the 96-1 Implementation Plan,7”2 the Department of Energy
developed its ap~roach to resolve the issues raised by the DNFSB. The plan is based
on the development of a revised safety strategy and a combination of bench, pilot scale
and plant tests aimed at understanding benzene generation, retention, and release.
Further, the test program includes these elements:

● Benzene generation
+ determine catalyst(s), mechanisms, and rate constants for decomposition of

soluble TPB
+ study stability of solid CSTPB and KTPB
+ conk using actual wastes

● Benzene retention
+ determine capacity of slurries to retain benzene
+ endeavor to understand the physical forms in which benzene is retained

● Benzene release
+ develop an understanding of how benzene is released in lab scale tests

and in pilot scale demonstration
+ determine plant equipment mass transfer coefficients in plant tests

Implementation Plan Commitment # 3 states that an overall bounding benzene
generation rate will be determined and documented based on the understanding of all
major generation mechanisms. Milestone #5.2.2-1 requires a test plan for catalytic
decomposition of soluble TPB to be issued December 1996. This test plan describes the
basis for determining the primary catalyst(s), the reaction mechanisms, and rate
constanta necessary to understand and describe the decomposition of soluble TPB.
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2.0 Sco~e

The scope of this test plan covers the activities performed by the Savannah River
Technology Center (SRTC). These activities will determine the primary catalyst(s) and
reaction mechanisms for the catalytic decomposition of soluble TPB.

Significant tests have already been performed. In Reference 7.1, Walker et al. report
the results from tests using radioactive Tank 48H materials and other radioactive
wastes. Multiple sources of sodium TPB (NaTPB) and non-radioactive simulants of
limited composition were also tested. Parameters tested included temperature, soluble
copper (Cu), sludge solids, and NaTPB.

Testing reported by Barnes and Edwards7.3 studied “clean” solutions which included
only Cu, NaTPB, and caustic (NaOH) and which produced TPB decomposition rates
approximately three orders of magnitude lower than observed in Tank 48H. To assure
adequate understanding of soluble TPB decomposition, the scope of testing has been
broadened to include these elements:

● develop and test an essentially complete simulant (also known as the “all-
inclusive” simulantl) which produces decomposition rates similar to or
greater than those observed in Tank 48H and provides the basis for further
testing with simulants,

“ perform tests to identifi the primary catalyst or groups of catalysts, and

● perform tests to determine the primary reaction mechanisms and the rate
constants for TPB decomposition including the intermediate reactions. z

ll%e “all-inclusive” sirmdant is as completi as possible based on analyses of Tank 48H, Batch 1 as
reported in Reference 8.1; particularly with respect ta potential catalyst species. For the remainder
of this document, this simulant will be referred to as Tk 48H, Batch 1 sim.dant. See Section 4.2.1 for
a listing of potential catalyst species.

2The proposed primary reaction path is tetraphenylborate (TPB or 4PB) to triphenylboron (3PB) to
diphenylborinic acid (2PB) to phenylboric acid (lPB) to boric acid (H3B03) releasing a phenyl ring at
each step producing primarily benzene but also producing phenol and biphenyl.

.
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3.0 Oblectwes and F~ect-
. .

3.1 Objectives: The test objectives are designed to develop a more findaxnental and
quantitative understanding of the decomposition of soluble TPB and the
consequent generation of benzene. A Technical Task Request (!ITR)7.4 has been
issued by ITP Engineering (ITP-E) defining the specific tasks for this plan.
Stated tasks are:

3.1.1 Perform tests to demonstrate a Tk 48H, Batch 1 simulant which produces
rates similar to or greater than those observed in Tank 48H.

3.1.2 Determine significant reaction mechanisms and rate constants with
soluble Cu catalyst as a finction of temperature, hydroxide concentration,
reactant and intermediates concentrations.

3.1.3 Perform preliminary testing to develop candidates for catalyst ID testing;
include trace soluble species, sludge solids, sodium titanate, and organics.

3.1.4 Based on preliminary catalyst ID testing, pex$orm statistically designed
experiments to identifi the primary catalyst(s).

3.1.5 Determine the effect of active catalysts on decomposition rates of TPB and
the reaction intermediates.

3.1.6 Rovide correlations and rate constants for use in modeling the
decomposition reactions and the process flow sheet.

3.2 Expectations: At the conclusion of testing under this plan, it is expected that

3.2.1 A Tk 48H, Batch 1 simulant will be developed to serve as the basis for
fb.rther testing with sirnulants. Revious decomposition rates observed in
Tank 48H will be used to confirm the simulant is satisfactory for &her
testing. If noble metals are key catalysts, the simulant decomposition rates
might be higher because 1) noble metals were not detected in the Tank
48H sludge solids, and 2) the sludge sirnulant contains the maximum noble
metals expectd.

3.2.2 The active catalyst specie(s) will have been identied. The testing is
initially intended to determine the catalyst(s) fbr TPB decomposition based
on the fact that previous work indicates the 3PB, 2PB, and lPB
decomposition rates may be accounted for by soluble copper alone. If data
indicates more rapid intermediates decomposition than is attributable to
soluble copper, additional testing may be required to determine the active
catalyst(s) for the intermediates reactions.
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3.2.3

3.2.4

Important parameters such as temperature and composition (including
catalyst(s), reactants, and intermediates) will be varied such that TPB
decomposition, the reaction intermediates, and benzene generation can be
adequately predicted. Use of the data includes evaluation of operating
scenarios, benzene generation terms for safety analyses, retentionhelease
calculations, and permits, and, along with new Cs volubility data,
determination of the minimum NaTPB addition requirements.

Parameters such as sodium concentration and temperature will be varied
such that results are applicable throughout the ITP and Late Wash
processes, including Saltstone feed storage.

4.0 Test Methodolo~ and A-o cha

4.1 Key parameters must be selected and/or controlled to produce the expected
results. The key parameters are temperatures, compositions, and test conditions.

4.1.1 Temperature is an extremely important parameter since previous testing
indicates that observed TPB decomposition is a stronger function of
temperature than typical, uncatalyzed chemical reactions. Based on
reported activation energies,7” 1~7.3the TPB reaction rate doubles every 4
to 6°C as compared to the “typical” rate of doubling every 10°C. Selected
test temperatures must: 1) be high enough to produce measurable
decomposition in a reasonable period of time, 2) span or bound safety basis
temperature limits, and 3) provide sufficient information on temperature
dependence to evaluate operation at temperatures which produce very low
decomposition rates.

Current plans for future ITP operation include safety basis temperature
limits of 40 “C and operating limits of 35 ‘C for all operations except Late
Wash. Startup testing indicates Late Wash may operate at temperatures
as high as 65 ‘C unless additional process cooling is provided. Previous
work shows tests performed at 50 ‘C or higher produce reasonably rapid
and measurable decomposition. Temperature dependence of the rate
constant is evaluated by obtaining the slope and intercept from a plot of
reciprocal temperature (VT(°K)) versus the natural log of the rate constant
(ln k). The intercept is the pre-exponential factor (a) and the slope is the
activation energy (Ea) in the Arrhenius equation

Three points are sufficient to assure a good fit and to allow extrapolation
with confidence, especially to lower temperatures where the rates are low
enough to make experiments impractical.
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4.1.2

4,1.3

&pically temperature dependence will be determined by testing at three
temperatures in the range of 40 to 70 ‘C.

Compositions must be selected to assure relevance ta the process and to
maximize experimental productivity. Test compositions are selected based
on documentation of previous process samples and test objectives. The
experimenters define and document the compositions in the Task
Technical Plans which are reviewed and approved by ITP Engineering and
the ITP Flow Sheet Task Team. Test solutions and slurries are submitted
for analyses prior to initiation of the experiments to assure the starting
compositions are known and on target.

Test conditions such as agitation, vessel material, cover gas, etc., may
affect experimental results. Test conditions which may a-ffwt results-will
be explored as part of NaTPB Decomposition Catalyst Identification
Studies (see 4.2.2) and will be appropriately specified in fbture studies.
With the exception of cross check experiments (see 5.2.1), there are no
plans to explore or quanti~ any effect due to cover gas composition; that is,
N2 versus air versus N2 diluted air (-5% 02). Walker and Nash reported
air causes an induction period for NaTPB decomposition but no reported
delay in the onset of reaction with a N2 atmosphere. If the induction period
is ignored, the decomposition rates are similar. 7“5

4.2 Testing for this test plan will be performed under three Task Technical Plans
(’ITPs) prepared by the performing organization. The ‘ITPs contain detailed
information on methods, temperatures, compositions, test conditions, and
analytical requirements. The ‘ITPs are summarized below.

4.2.1 Decomposition Studies of Tetraphenylborate Slurries -C. L. Crawford7”6

Tests using the Tk 48H, Batch 1 simulant have the primary objective of
demonstrating TPB decomposition rates similar to or exceeding rates
observed in Tank 48H. The simulant composition is based on analyses of
Tank 48H material reported in Reference 7.1. The Tk 48H, Batch 1
simulant will include soluble salt components, soluble and insoluble
NaTPB and ICI’PB solids, soluble metal ions, trace organic species,
simulated sludge solids, and monosodium titanate (MST). Table 1 shows
the target concentrations of the potential catalysts which will be included
in the initial testing of the Tk 48H, Batch 1 sirnulant. Individual
candidates have been ordered within each group to reflect the initial
estimate of relative catalyst activity.

Testa will be performed at three temperatures to determine the
temperature dependence. The important parameters to control are the
starting simulant compositions and the test temperatures.
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Testing of a scoping nature will also be performed in parallel with the
above tests to obtain an early indication of the effect of removing insoluble
solids fkom the salt solution. Slurries without sludge and/or MST will be
tested.

Table 1

Organic Compounds Soluble Metals
(target concentration) (target concentration)

2PB (125 mg/L) copper (II) (1.7 mg/L)
benzene (720 mg/L) ruthenium (III) (0.8 mg/L)
phenol (125 m@) rhodium (III) (0,2 m@L)

palladium (11)(0.4 mg/L)
silver (I) (0,6 mg/L)

biphenyl (150 mg/L) iron (III) (2.6 mg/L)
PBA(125 mg/L) chromium (VI)(60 mg/L)
3PB (125 m@)

diphenylmercury (150 mfi)
isopropanol (50 mg/L) mercury (II) (2.2 mg/L)

methanol (5 mg/L) cadmium (II) (0.4 mg/L)
zinc (II) (8.8 mg/L)

molybdenum (VI)(12 mgiL)
cerium (IV)(0.3 mg/L)

silicon (lV) (16 mg/L)
selenium (VI)(1 mg/L)
arsenic (IV)(0.04 mg/L)

lead (II) (1.2 m@)
tin (II) (2.1 mg/L)

cobalt (II) (0.04ma)
calcium (II) (12.2 mg/L)

strontium (II) (0.1 mg/L)
lanthanum (111)(0.05 mfi)

Based on sludge concentration of 2 g/L.

Insoluble Solids
(target concentrations)

Copper (2 m@)a
ruthenium (4.6 mg/L)a

rhodium (1.2 mg/L)a
palladium (2.2 mg/L)a

silver (6<2 mg/L)b

mercury 80 (mg/L)b

MST (2@)
manganese (118 mg/L)

iron (576 mg/L)a
chromium (4 mg/L)a

uranium (172 mg/L)a
nickel (5o mglL)a

aluminum (96 mg/L)a
magnesium (2 mg/L)a

zinc (4 mg/L)a
zirconium (50 mg/L)a

lead (6 mg/L)a

~ese components are included in testing described in Section 4.2.2.

4.2.2 Sodium Tetraphenylborate Decomposition Catalyst Identification Studies -
M. J. Barnes7”7

Tests to identifY catalysts are to be performed in phases. In phase one,
tests will be performed to define the best conditions (e.g. glass vs. carbon
steel vessel, sealed vs. purged, agitated vs. unagitated) for performing
subsequent statistically designed experiments. Phase one tests will include
1) cross checks of two previous similar tests which produced different
results, 2) tests using the Tk 48H, Batch 1 simulant at varying conditions
to determine the best conditions for subsequent experiments, and 3) a
screening test to determine if noble metals might be the principal
catalysts.

.
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4.2.3

For the second phase, the ‘ITP will be revised to specifi the conditions for
statistically designed tests of the Tk 48H, Batch 1 simulant recipe. These
tests will identi~ the catalytic significance of the major potential groups:
organic additives, trace soluble metals, and insoluble (sludge and MST).
Results of the initial statistically designed experiments will be evaluated
and, if needed, the TTP will be revised to add statistically designed
experiments to further identi~ the primary catalyst(s).

For the preliminary testing, the most important parameters requiring
control are the starting simulant compositions and the test temperatures.
Specification of additional parameters and conditions may result fkom the
preliminary testing.

Decomposition Studies of 3PB, 2PB, and lPB in Aqueous Alkaline
Solutions Containing Copper - C. L. Crawford7”8

The first step toward describing the TPB decomposition mechanisms and
rate constants is to follow the decomposition of the intermediates in a
simplified, “clean” system. Tests will be performed in parallel with other
tests in this plan and will start with each intermediate (3PB, 2PB, and
lPB) in a statistically designed matrix to study the effects of temperature,
NaOH concentration, and Cu concentration. This study will be an
extension of Barnes’ studies documented in Reference 7,3. Once more, the
key parameters to control are the starting simulant composition and the
test temperatures.

4.3 Based on the rates measured in the 3PB/2PB/lPB testing (Section 4.2.3) as
compared to rates observed in Tank 48H and other tests, additional 3PB/2PB/
lPB testing with the Tk 48H, Batch 1 simulant catalysts (soluble metal species,
trace organics, and insoluble solids) maybe performed. If this testing is .
necessary, a separate ‘ITP will be prepared.

5.0 Test J)e~
. .

5.1 Decomposition Studies of Tetraphenylborate Slurries7.6

5.1.1 Twelve test slurries will be prepared from a concentrated salt matrix
containing potassium plus nine sodium salt components. Similar to the
composition in Tank 48H during the rapid TPB decomposition,theTk48H,
Batch 1 simulantcontainssui?icientNaTPBto producea 4.5 wt.% slurry of
KTPB,saturatethesolutionwithNaTPBandhave1.5 wt.% insoluble
NaTPB. The complete complement of potentialcatalystswillbeaddedto
six oftheseslurries:solubleorganicadditives,solublemetalspecies,and
insolublesolidsincludingsimulatedsludgewithnoblemetalsandMST
(see Table 1). Six tests will be run with the Tk 48~ Batch 1 sirmdant, four
with sludge ardor MST omitted, and two controls without the complement
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of potential catalysts (Table 2). Experiments will be performed at

temperatures ranging horn 40 to 70 ‘C. Afler preparation of the slurrv,
samples will be submitted to provide measure-merit of the starting

.

composition.

Table !2

Low X,X
Mid X,X x x x
High X,X x x x

X indicates a test

5.1,2

5.1.3

5.1.4

5.1.5

The slurries will be placed in clean, sealed vessels and then maintained
unstirred in a temperature controlled environment. The temperature will
be maintained at setpoint f 2 “C.

The vessels will be removed periodically to sample both the vapor and the
slurry to follow the progression of the reaction. The frequency will initially
be approximately 2 to 3 days but maybe adjusted up or down based on how
fast or slow the reactions are occurring. Upon removal, the vessel will be
cooled in a water bath to room temperature. Prior to sampling, the vessel
will be weighed and then shaken vigorously. Both the vapor and the slurry
will be sampled, air injected to replace the volume withdrawn, and then
the vessel weighed again prior to returning it to the controlled temperature
environment.

Benzene will be measured in the vapor sample and in the slurry; a portion
of the slurry sample is used for this purpose. The remaining portion of the
slurry is filtered and the filtrate analyzed for soluble TPB, soluble
organics, soluble boron, and possibly for soluble metals.

Testing will proceed until sufficient data is gathered to determine
decomposition rates of TPB and the intermediates for each test slurry.

5.2 Sodium Tetraphenylborate Decomposition Catalyst Identification Studies7.7

The preliminary testing specified in the !I1’Pincludes cross checks of previous
studies, determination of important test conditions, and screening of noble metal
catalysts.

5.2.1 Two cross checks will be performed to provide insight into the effects of
test conditions such as container material, agitation, etc.. The first cross
check will use a slurry composition from previous testing.7”7 The previous
tests were performed in glass reaction vessels stirred and continuously
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5.2.2

5.2.3

5.2.4

5’.2.5

purged with N2 while being maintained at 50 and 70° C. The cross check
will be performed using the same simulant and temperatures in sealed,
unstirred carbon steel vessels. The second cross check will be of tests
conducted in the DecompositionStudies of Tetraphenylborate Slurries
(section 5.1). The cross check will use the Tk 48H, Batch 1 simulant at the
mid and upper temperatures of the temperature range but in glass
reaction vessels continuously stirred and purged with Nz.

Further evaluation of important test conditions will be performed using
the Tk 48H, Batch 1 simulant. Tests w-illevaluate reaction vessel (carbon
steel vs. glass serum bottles which are preferred for statistical testing), salt
composition at Na concentrations which cover the range from ITP to Late
Wash, and agitation (stirred vs. unstirred). All tests in this portion will be
performed in the presence of air and at 55 ‘C.

Screening tests of potential noble metal catalysts will be petiormed in
unstirred carbon steel vessels in the presence of air at 55 and 70°C.The
trace organics, insoluble sludge and MST solids, and soluble metals will be
omitted born the Tk 48H, Batch 1 simulant and only noble metals added to
provide initial information on their catalytic activity.

The remainder of the experimental procedure essentially duplicates the
steps detailed in sections 5.1.3 through 5.1.5.

Based on the information obtained in the previous test steps, the
conditions (temperature, vessel, agitation; ventilation, stiple frequency)
for the statistically designed experiments will be selected. These conditions
will be specified in a revision to the ‘ITP. The initial statistically designed
experiment has already been determined.7”7 This experiment consists of
twelve tests including a full replicate of six combinations of the Tk 48H,
Batch 1 sirnulant and added organicq soluble metals, and/or insoluble
sludge and MST solids. At the completion of the initial statistical tests, the
data will be evaluatad and, if needed, additional statistical tests designed
and conducted to fhrther isolati and identi$ key catalyst(s).

5.3 Decomposition Studies of 3PB, 2PB, and lPB in Aqueous Alkaline Solutions
Containing Copper7”8

5.3.1 Ten tests will be petiorrned for each of the intermediates, a total of 30
tests, based on a statistically designed experiment which will study the
main effects of four parameters with two center points to provide a
replicate and an opportunity to check for non-linear response. In each set
often, the four parameters to be studied are temperature, the
intermediate, the hydroxide concentration and Cu concentration. Ranges to
be tested are: temperature -40 to 70°C, intermediates concentration -100
to 2000 ppm, hydroxide -0.5 to 2.5 M, and CU+2 -0.1 to 10 ppm.

m
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In addition, two vessels containing various amounts of the intermediate
will be prepared without Cu and stored at room temperature. These will
provide controls to indicate the stability of the organic component in
alkaline aqueous solution at room temperature. Initial samples of all test
solutions will be submitted to provide starting measurements.

5.3.2 Same as 5.1.2

5.3.3 Same as 5.1.3

5.3.4 Benzene will be measured in the vapor sample and in the solution; a
portion of the solution sample is used for this purpose. The remaining
portion is analyzed for soluble organics, soluble boron, and selected
samples will be analyzed for soluble Cu.

5.3.5 Testing will proceed until sufficient data is gathered to determine
decomposition rates of the intermediates.

6.0 Evaluation of Resul s. Et x~ected Ranges. and Unen ected Res Ultq

6.1 Evaluation of results

Evaluation of the test results is one of the most important facets of the test
program. Several factors influence and enhance the evaluation process.
Analytical uncertainties are quantified by use of matrix blanks and check
standards. Historical information on the performance of each analytical method
also provides insight into error. Replicate tests are pefiormed to provide data on
reproducibility and allow evaluation of the total (“pure”) experimental error. Test
results are compared to previous tests and plant observations. Data is reviewed,
as available, first by the performing organization and then with the requesting
organization to determine as early as possible if tests need to be repeated or
additional tests are required. Finally, uncertainties in the data are evaluated
and documented as part of the reporting process.

6.2 Expected range of results

● TPB Decomposition, Benzene Generation, and Catalyst Activity
As evidenced by TPB decomposition and benzene generation rates, the catalyst
activity determined for the Tk 48H, Batch 1 simulant is expected to be
approximately equal to or greater than that observed in Tank 48H when
temperature is taken into account. Rate constants for Tank 48H soluble TPB
decomposition shown in Reference 7.3 are in the range of 600 to 1100
L/mole@hr at 50 “C.
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● Temperature Dependence/Activation Energy (Ea)
Previous measurements of rates as function of temperature indicate a higher
than typical Ea which means that a decrease or increase in temperature has
more effect than generally observed. The Ea reported in References 7.1 and 7.3
range fkom - 90 to 140 kJ/mole.

6.3 Unexpected results

Unexpected results could have test, programmatic, and/or process impacts.
Examples of unexpected results and potential impacts include:

● k catalytic activity from the Tk 48H, Batch 1 simulant
The immediate impact of low catalyst activity would be that tests would have
to run longer in order to obtain usable data on decomposition rates. More
importantly, though, is the implication that the Tk 48H, Batch 1 simulant
does not include the primary catalyst(s) or that it contains a catalyst poison.
This would require additional work to identi& and test other candidate
catalysts and would likely have a substantial impact on the lab test schedule.

● ~ catalytic activity from the Tk 48H, Batch 1 simulant
The unrnediate impact of high catalyst activity might be that test data is
missed because decomposition occurs tQOquickly. This might require repeat
tests at higher sampling fkequency or at lower temperatures. Other
implications are that future process TPB decomposition and benzene
generation rates may not be bounded by rates observed in Tank 48H; pre-
treatment to remove catalysta (such as sludge solids) maybe required.

b
s Based on data obtained, projected benzene generation significantly k than

observed in Tank 48H
This result would indicate other significant reaction mechanism(s) exist and
would have ta be identified and investigated. This would likely produce a
program delay while the new chemis~ is investigated.

● Based on dataobtained,projectedbenzenegenerationsignificantlyU
thanobsenmdin Tank48H.
This would indicate the projections are conservative and bounding resulting in
no apparent impact.

● Unable to isolate primary catalyst or catalyst group
This result would lead ti uncertain~ as to whether the projected benzene
generation source term is bounding for all possible compositions.

● Intermediates catalysta other than soluble Cu
Additional testing may be required to identi& and quant@ the effects of other
catalysts for intermediates decomposition. This could produce a program
delay.
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● Temperature dependence/Es lower than expected
The primary impact of this result is that reducing operating temperatures will

have less effect than expected. And conversely, the benzene generation rates
at planned operating temperatures maybe higher than expected, This could
have programmatic impact on ITP restart.

● Temperature dependence/Es higher than expected
This would be a positive result indicating that reducing temperatures will
have more benefit than expected and that control of operating temperatures
and compositions are less critical than currently envisioned.
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10 [introduction& Background

The [n-Tank Precipitation (ITP) f~cllity m [he Savannah River Site initi;tted radioactive operation
in Tmk J8H in September of 1995 During pump operauon in December of 1995, benzene evolved
from Tank 4SH at higher rates than expected. though the operational safety limit was never
approxhed. Later investigations revealed the source of benzene was apparently from the catalytic
decomposition of excess sodium tetraphenylborate (NaTPB) added to ensure adequate suppression ,
of cesium volubility.7’

[n August 1996 the Defense Nuclear Facilities Safety Board (DNFSB) issued Recommendation
96-1. The DNFSB recommended that operating and testing in the ITP fl~cilitynot proceed without
an improved understanding of the mechanisms of benzene generation, retention, and release. In the
96- I Implementation Plan,72 the Department of Energy developed its approach to resolve the
issues raised by the DNFSB. This plan is based on a revised safety strategy that will be developed
from a cotnbination of laboratory, pilot scale and plant tests that are iiimed at understanding
benzene generation, retention, and release. The test program includes these elements:

● Benzene generation
+ determine catalyst(s), mechanisms, and rate constants for decomposition of soluble TPB”
+ study stability of solid CSTPB and KTPB
+ confirm using actual wastes

● Benzene retention
+ determine capacity of slunies to retain benzene
+ endeavor to understand the physical forms in which benzene is retained

● Benzene release
+ develop an understanding of how benzene is released in lab scale tests and in pilot scale
demonstration

+ determine plant equipment mass transfer coefficients in plant tests

Implementation Plan Commitment # 3 states that an overali bounding benzene generation rate will
be determined and documented baaed on the understanding of all major generation mechanisms,
Under Milestone #5.2.2-2, laboratory studies are to be completed to determine if insoluble TPB”
compounds contained in the slurry can decompose at a significant rate under expected process
conditions.

Although the preponderanceof data indicates thatsoluble TPB. chemically decomposes to generate
benzene, concern over direct reaction of solids was raised when higher than anticipated levels of
soluble ‘37CSwere observed when a Tank 48H slurry sample was treated with additional NaTPB in
earlier laborato~ tests.704Attempts to reproduce the observed result until all the soluble NaTPB
was destroyed were incomplete due to limited volumes of test samples. More work is needed to
improve the baseline experimental data and determine if the present predictive calculations can
adequately explain the observed levels of soluble ‘37CSand K+.This test plan describes the planned
studies to determine the factors influencing the observed increase in soluble 137CSand K+. Real

waste studies under controlled condkions will provide improved baseline information. Simulam
studies will be done to improve the understanding of the relative stability of solid KTPB and
CSTPB, and to identify factors that influence their decomposition.

.
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The SCOpeof this test plan cover< JctI\~tIes to be performed by the Environmental hlolecul~r

Sciences Labor~tory (EIMSL) of [he Pacific Northwest National Ldxm[ory ( PNN’L) ,ind the

Savannoh River Technology Center (SRTC). These activities are related to the s!ability of the \ol Id

phase KTPB and CjTPB and observations related to the observed increase ill soluble ‘ “cs [n

l~boratory ~nd plant [ests.76

The EMSL researchers will evaluate the thermodynamics of potential reactions to determine [f

solid TPB” compounds are favored to decompose spontaneously. This evaluation will be based on

thermodynamic properties of the reactants and products of the postulated reactions for TPB”
decomposition, Results from this work could eliminate direct chemical reactions (without first

dissolving) of solid KTPB and CSTPB as significant, based strictly on thermodynamic
arguments.76

The SRTC researchers will mathematically calculate TPB”degradation and the rate of increase in

‘J7CSvolubility. These calculations will be based on currently available volubility data,77 kinetic
data on chemical degradation of soluble TPB-, and kinetic data on radiolytic degradation of solid

KTPB and CSTPB. Calculated and experimental results will be compared to determine if these data

adequately explain the observed rate of increase of soluble 137CSin plant and laboratory tests.

Using radioactive waste from Tank 48H, SRTC researchers will generate additional data on the
increase in soluble 137CSto supplement currently available results in support of the predictive
calculations. The effects of solid KTPB concentration, sodium molarity, excess soluble TPB- and
temperature will be tested directly. Absorbed dose through irradiatich of simulants will be used to

determine if radio[ysis affects chemical degradation of KTPB and CSTPB. Concentrations of
degradation products (triphenylboron; sodium salts of diphenylboronic acid, phenylboric acid and

phenol) will also be monitored in these tests to gain insight on any effect that they may have on the
observed results.7.6

Additional tests using non-radioactive simulated waste are planned to provide appropriate
correlations and kinetic data to refine the TPB”degradation calculations. Details of the parameters
to be examined in these tests will be finalized after the radioactive waste tests are compieted.76

3,0 Objectives and Exoectations

3.1 Objectives: The test objectives are designed to determine if direct chemical decomposition of
solid KTPBand CSTPB needs to be considered as a major mechanism for generating
benzene in the ITP process. A Technical Task Request (TTR)7”5 has been issued by ITP
Engineering (IT’P-E) defining tasks for this plan:

3.1.1

3.1.2

Evaluate thermodynamicsof variousreactions, includingdirect reactionsof solids,
through comparison of free energies (AG)of alternative reactions to determine which
specific reactions and reaction products are most favored thermodynamically.

Using existing volubility data and kinetics data for chemical degradation of soluble
TPB”and radiolytic degradation of TPB-, calculate TPB”degradation to establish if
calculations are consistent with the observed increase in soluble ‘37CSand K+obtained
from laboratory tests and plant operations (i. e., 1983 demonstmtion, [995-96 data
from ITT operations).
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3,1.3

31,4

3.1.5

3.1.6

3.1.7

Develop reproducible baseline da[a using radioactive wmtd to determine [he r~te of

increi,lse in soluble l~’Csand K+ as the concentration of excc~s NJTPB approaches
zero. To the extent possible, the effects of excess NaTPB, decomposition products,
and temperature should be determined. If possible, L~te Wash conditions should also
be simulated as part of these baseline tests (fully washed, no added NaTPB, 65 ‘C).

Analyze the improved baseline data (from 3.1.3) to determine if results from this and
other tests adequately explain the observed increase in soluble ‘J7CSand K+, or if
direct chemical decomposition of solid KTPB and CSTPB is occurring.

Using non-radioactive simulants, determine effects of absorbed dose, temperature,
concentration of solid phase KTPB, concentration of Na+,excess K+,organic
decomposition products and sludge solids on the kinetics of solid phase KTPB
degradation.

If directed by ITP-E and the ITP Flowsheet Task Team, determine the effect of solid
particle size on kinetics of solid phase KTPB degradation.

If requested, provide correlations and rate constants for use in process modeling.

3.2 Expectations: At the conclusion of activities under this plan, it is expected that:

3.2.1

3.2.2

3.2.3

3.2.4

The significance of solid phase KTPB and CSTPB degradation to the overall rate of
benzene generation in ITP and Late Wash processeswillbeestablished.

Predictivecalculationsof TPB- degradation will be developed that includes all
significant mechanisms that contribute to the observed increase in the concentration
of soluble 13’CSand K+in KTPBslurries produced,processed and stored in ITP and
Late Wash equipment. NOTE: Solid degradation should not be included in the
calculations if this mechanism is negligible when compared to other mechanisms
(chemical degradation in solution; radiolytic degradation).

If solid KTPB is found to degrade at a significant rate, when compared to other
identified mechanisms, parameters such x sodium concentration and temperature wi]I
be varied to ensure predictive calculations are applicable throughout the lTP and Late
Wash processes.

If solid phase KTPBdegrades at a significant rate, when compared to other identified
mechanisms, appropriate correlations for im~wt parameters for any significant
reaction(s) will be determined to provide improved understanding of the mechanism.
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-$ () Test !vIethodology and ADProach

41 Key test parameters must be selected or controlled to produce [he expected results.

Predictive calculations must be validated and supported by expcrlmentul test results.

-$11 Temperature is an extremely important parameter since previotls testing indicates that

observed decomposition of soluble TPB - is a stronger function of temperature than

typical, uncatalyzed chemical reactions. Based on reported activation energies,7 [7 ~

the TPB” reaction rate doubles every 4 to 6“C. Selected test temperatures must: (1) be

high enough to produce measurable decomposition in a reasonable period of time: (2)

span or bound the temperature limits in the safety basis; and (3) provide sufficient

information on temperature dependence to evaluate operation at temperatures which

produce very low decomposition rates.

Current plans for future lTP operatiom include safety basis temperature limits of
40 ‘C and operating limits of 35 ‘C for all operations except Late Wash. S[anUp
testing indicates Late Wash may operate at temperatures as high as 65 “C unless

additional process cooling is provided. Previous work shows tests performed at 50 ‘C
or higher produce reasonably rapid and measurable decomposition of soluble TPB”.
The dependence of the rate constant on temperature will be obtained from the slope
and intercept of a plot of reciprocal temperature ( l/T(°K)) against the natural log of
the rate constant (In k). The intercept is the pre-exponential factor (a) and the slope is
the activation energy (EJ in the Arrhenius equation:

Experiments at three different temperatures are sufficient to ensure a good fit
and to allow extrapolation with confidence, especially to lower temperatures where
the rates are too slow for practical experiments. Typically, tests at three different
temperatures (in the range of 40 to 70 ‘C) will be used to determine the temperature
dependence of rate constants.

4.1.2 Compositions must be selected to ensure relevance to the process and to maximize
experimental productivity, Test compositions are selected based on documentation of
previous process samples and test objectives, The researchers define and document
the experimental compositions in the Task Technical Plan that is reviewed and
approved by ITP Engineering and the ITP Flow Sheet Task Team. Appropriate
analyses are done during the course of the experiments to determine the actual
compositions used in the tests (see Table 1).

4.1.3 Projected conditions to be used in these studies are described in the Task Technical
Plan (TTP) prepared in response to the TTR and summarized below (see 4.2).

4.2 Testing for this test plan will be performed under the TT’Pprepared by the performing
organization.76 The thermodynamic evaluation will be done at EMSL. All other tasks will
be performed at SRTC. The ‘ITP contains information on methods, temperatures,
compositions, test conditions, and analytical requirements. The TTP is summarized below.
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4.2. I

4,2.2

4.2.3

4.2.4

Thermodynamic Evalua(lon of TPB” Degradation at E\fSL

A statement of work has been provided to ENISL describing culcul:t[ions of the t’ree
energy for reactions of both solid phase and aqueous phase TPB” reactants at 25 “C,
which is the reference temperature normally used for thermodynamic properties. This
temperature is similar to the expected ITP processing temperamre of c 35 “C. The
purpose of this work ]s to determine if the reactions of solid KTPB and CSTPB are
thermodynamically favored to occur spontaneously, and whether the thermodynamic
driving force for these reactions is significant compared to reaction in solutions.
SRTC researchers will coordinate the work under this subcontract.7b

Mathematical Calculations

Additional volubility data for NaTPB, KTPBand CSTPB using conditions and
compositions more closely simulating ITP processing have recently been obtained.
These volubility data, available data for radiolytic degradation of TPB”compounds
and reaction rate data for chemical degradation of soluble TPB” will be used to
calculate the increase in soluble ‘37CSas various reactions occur. Results from these
predictive calculations will then be compared to observed laboratory and plant data to
establish if the calculations adequately predict the observed rate of increase in soluble
137CS.Refinements to the model will be done as additional degradation rate data is
obtained from this or other related work. 7.1”7.3s7.4”7.7”78

Tank 48H Slug Experiments

Tests with Tank 48H radioactive waste will provide data to determine if the solid
KTPB concentration affects the overall rate of benzene generation. These tests will
also provide data on the rate of increase in l~’Csconcentration to compare to
projected concentrations from calculations. Only two previous laboratory tests with
Tank 48H slurries reacted long enough to consume all of the excess NaTPB. Thus,
limited information is available on the behavior of ‘q7Csafter excess NaTPB is
destroyed. Additional data is also needed to supplement the cumently available results
on intermediate decomposition products and gain insight into their possible effect on
degradation. Information from these tests will also be used to determine if the
calculations described above (see 4.2.2) adquately predict the observed increase in
soluble ‘37CSand K’ in boththeplantandlaboratorytests.As a partof these
experiments with radioactive slurry, conditions approximating those expected for Late
Wash operations will also be tested. The results of these tests will be used to identify

conditions most likely to produce solid TPB decomposition to support subsequent
simuhnt testing.

Simuiant Testing

The final parametersandconditionsfor simulant tests will be determined when the
the Tank 48H slurry tests are completed. Currentl y, the effects of the following
parameters on the increase in soluble ‘37CSand K+and the stability of solid KTPB are
proposed to be tested using nqn-radioactive simulants:

● absorbed radiation dose
● temperature
● concentration of insoluble KTPB
● concentration of Na+
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● excess K+

● concentra[lon of organic decompo~lt]on produc[>

● sludge $OlldS

These experiments WI]]be aimed at understanding factors that intluence the

decomposition of solid KTPB and CSTPB, if results obt~ined trom radioactive tests in

this test plan and other related tests (see Appendix A) indlc~te that chemical

degradation of solid KTPB and CSTPB occurs at a significimt rate. Prior to initiatin~

these tests with simulants, results from other tests will be evaluated [o establish if

other parameters should also be included. For example, aglt~tlon is not presently

included in the list above, but it may alter the rate of solid KTPB decomposition by
increasing interaction between KTPB solids and sludge solids.

4.3 Control of Experimental Conditions

Slurry composition and temperature are the two major experimental variables.

4.3,1

4.3.2

4.3.3

4,3.4

To ensure the compositions of the Tank 48H waste slurries (see 5.1) and simulant
slurries (see 5,2) are controlled, composition variables shown in Table 3 will be
measured and recorded for all slurries tested,

All experiments will be run at constant temperature.

Temperatures of Tank 48 waste slurries will be measured by a thermometer or
thermocouple. Accuracy will either be verified to be within t 2 ‘C at O“C (ice water
bath) and 100 ‘C (boiling water) or through calibration using other methods traceable
to NIST standards.

Thermostatted ovens or baths that can control temperatures to a 3 “C will be used for
tests on simulant slurries. Temperatures in these tests will be measured using

thermometers traceable to NIST standards.

TABLE 1
COMPOSITIONAL VARIABLES FOR SLURRIES

Solution Density
Weight Percentageof Insoluble solids
Weight Percentage of Soluble solids
Solution, concentrations (soluble species):

Total Na+ “
Nitrate
Nitrite
Free Hydroxide
TPB”
Other organics (3PB, 2PB,
Cu
K+

Inorganic solids content:

PB, phenol)

I Fe, Al, Si, Ca, Cr, Mg, Mn. CU.Ti
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50 Te\t Descrimions

5.1 Tunk -NH Slurry Experiments

5. 1,1

5.1.2

5,1.3

5.1.4

5.1.5

Test slurries will be prepared using radioactive waste slurry obwined from Tank 48H.
One set of four experiments will be run to test primary effects of temperature, soluble
TPB’ concentration, and insoluble KTPB concentration. A second set of two
experiments will be run to test the effect of projected Late Wash conditions. The test
matrix and approximate starting compositions for these tests are shown in Table 2.

All tests will be done using slurry sealed under an air atmosphere in carbon steel
vessels. Periodically, the test slurries will be sampled and each sample will be filtered
before analysis. Sampling will begin within a few days after the experiments begin.
Sampling frequency will be adjusted based on reaction rate to ensure that all of the
shiny is not consumed by sampling before soluble TPB- from NaT’PBhas ail
decomposed. NaTPB will be added to reduce the 13’CSconcentration below the limit
needed for filtration in ITP and disposal as Saltstone.

The slurries will be placed in clean, sealed vessels and then maintained unstirred in a
temperature controlled environment. The temperature will be maintained at a setpoint
&2 ‘C except when opening the oven door to obtain periodic samples.

The reaction will be followed by measuring 137CS,K+and soluble organic components
(TPB, 3PB, 2PB, IPB, phenol) in the filtrate obtained from each sample. Initial
starting compositions will also be determined by sampling, filtering and analyzing
after NaTPB has been added to the shiny.

After all sample results are obtained, results will be evaluated to determine if all key
parameters for additional tests using simulants (see 5.2 below) have been identified
prior to beginning tests with simulants. Predictive calculations using volubility,
soluble reaction rates and radiolysis will also be compared to results to determine if
chemical degradation of solids is indicated to be significant.

TABLE 2
RADIOACTIVE WAS‘III TEST DESIGN

Set 1: Tank 48H Tes~ (initial [Na+]-3.5 M)

InitiaJ Initial
Temp. [TPB-] [KTPB]

Wmlll@L)m

1 40 :100 ‘ 1

2 40 400 4
3 50 400 1
4 50 100 4

Set2: Late Wash Tes~
Initial Initial Initial

Temp. [TPB”] [KTPB] [Na+]
~# (“c) H (w%\

1 65 400 4“ 0.5
12 65 “4b0 4 1.5

.
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5,? Slmulant Testing

Silmulant tests WIII be used [o estubllsh correlations tind rate constants for \olid phase K1”PU
deSrada[lon, ,Von-radioactive tests can be done more rapidly, Jr less c~pcnw, ~nd wlthou[

radlatlon exposure to personnel. Testing with simulants will be done in (WU parts.

5.?.1

5,7,7--

5.2,3

5.2.4

5.2.5

5.2.6

5.2.7

,4 simulated slurTy will be prepared and tested at the same conditions as one ot the

radioactive waste tests described in Section 5.1. This test IS necessary to demonstrate

that simulant responds similarly to the radioactive T,il]k 48H ~lurry,

After simulant tests are shown to be representative of the radioactive rests, ~

statistically designed set of tests will be completed. The muin effects of key

parameters identified as part of the evaluation of radioactive tests will be tested. In

addition, 2-factor interactions between several of the parameters will be tested.

The design of these experiments will be optimized based on considerations listed In

Table 3. If other important parameters are identified in the radioactive waste tests. the
scope of the simulant tests will be expanded. Based on the initial test design Oudined

in Table 3, about 36 tests will be performed in 3 blocks. The effect of all parameters
will be included in the first block of tests and 2-factor interactions will be tested in the
other two blocks.

All tests will be done using about 100 milliliters of slurry sealed under art air
atmosphere in carbon steel vessels. Periodically, the test slurries will be sampled and
each sample will be filtered before analysis. Sampling will begin within a few days
after the experiments begin. Sampling frequency will be adjusted based on reaction
rate to ensure that all of the Awry is not consumed before till of the soluble TPB” from

excess NaTPB addition has decomposed.

The slurries will be placed in clean, sealed vessels and then maintained unstirred in a
temperature controlled environment. The temperature wiII be maintained at the
specified setpoint * 2 “C except when slurries are removed from the oven or water
bath for sampling.

For tests using simulants, reactions will be followed by analyzing for TPB- and
soluble K+in the filtrate obtained from each sample as the reaction proceeds. Initial
starting compositions will also be determined by sampling, filtering and analysis after
NaTPB has been added to the slurry.

After all sample resuits are obtained, results will be evaluated to provide correlations
and reaction rate constants for chemical degradation of solid phase KTPB.
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TABLE 3
EXPERIMENTAL FACTORS FOR SIMU[,ANI’ TESTS

Factor

Temperature
KTPB, wt%

[Na+], M
Sludge, wt%
Organics*, mg/L
K“:TPB”ratio, mm
Radiation dose, Mrad

Low Value

40
1
0.5
0. I
o
0:200

0

f{iph Value

65
5
5.0
I.0

900
~5:~

100

I Ehu!
7-factor, two-levels
36 runs in three blocks
2 centerpoints repeated in each block

*Organics include equal masses of intermediate
degradationproducts
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6.() Evaluation of Results, Expected Rmges, ~nd Unexpected Results

() I E\;llu~tlon ot’ results

Evaluation of the experimental results is one of the most important f;tccts of the test progr~nl

Se\eral factors influence and enhance the evaluation proces< ,An~lytlcal uncerratnties are

quw]titied by use of matrix blanks and check standards. His[oricill information on the

pert’ormance of each analytical method also provides insight into error. Replicate tests are [o

be performed in tests using simulants to provide data on reproduclbllily and allow evaluation

of the total (“pure”) experimental error. Test results are compared to results from previous

tests and plant observations. For this test plan, use of the experimental data to compore [o

predictive calculations provides yet another check for internal consistency and

reasonableness of the data. Data and calculations are reviewed. JS available, first by the

performing organization and then with the requesting organization to de[ermine as early as

possible if tests need to be repeated or additional tests are required. Finally, uncertainties in

the data are evaluated and documented as part of the reporting process,

6.2 Expected range of results

. Thermodynamic Calculations

Theoretical considerations generally show that overcommg (he crystal lattice energy is a

significant factor in the reactions of solids, especially when compared to homogeneous
liquid phase reactions in which species are already dispersed as ions. In an aqueous
system containing insoluble ionic solids, the heat of hydration of the ionic components

can be a major factor in thermodynamic calculations related to chemical reactiol]s.

Because KTPB and CsTP13are lower in volubility comp~lredto NaTPB, ionic hydrotion
energy is less of a factor in thermodynamic considerations for iCITB and CSTPB. Results
from these calculations are expected to show the thermodynamically favored reaction
products, and provide some insight into the relative stabi lity of intermediate degradation
products. Note that consideration of phenomena at the solid-liquid interface would be
expected to contribute to the degradation rate of less soluble KTPB and CSTPB in an
aqueous slurry. Physical properties such as total surface area, adsorption, and diffusion of
interactive species from the surface could play a role in observed rates of TPB-
degradation and benzene generation. These phenomena will mt be considered in the
thermodynamics calculations. Since the thermodynamic calculations are necessarily
incomplete, they will only be used to provide additional insights in the context of the
entire test program, not as a final answer.

● Predictive Mathematical Calculations

Historically, calculations for the ITP process based on literature data predict higher 137CS
and K+concentrations for a given set of conditions than have been observed
experimentally or in plant tests. ‘Volubilitydata obtained under conditions more closely
approximating the composition and conditions actually present in the ITP slurries has
recently been obtained. After this volubility data is incorpomtcd, calculated
concentrations are expected to agree more closely with those actually observed in plant
and laboratory tests. In addition to improved volubility data, calculations of TPB-
degradation are expected to incorporate all major degradation mechanisms. A contribution
from solid phase chemical degradation of KTPB and CSTPB is not presently included in
predictive calculations. These would be included in future calculations only if this
postulated mechanism is found to be significant compared to other identified mechanisms.
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. Tank 48H slurry Experiments

These tests are expected to provide improved baseline hla 10[est [he cilkulatiot~s [hat are
done to predict the overall TPB” degradation observed in lTP. If this baseline data
indicates KTPB and CSTPB solids are degrading through (!irec[chelnicitl reuction at a
significant rate, this data would be used to develop preliminary chemical reaction rate
constants for their chemical decomposition. These rate constants would then be used in
the calculations of TPB”degradation.

. Simulant Tests

If evaluation of experimental data indicate direct chemical reaction of KTPB and CSTPB
is occurring at a significant rate, then correlations for parameters that could affect
decomposition of solid KTPB and CSTPB are expected to be developed to aid the
understanding of the decomposition. Appropriate kinetic expressions and rate constants
are expected to be developed to improve the accuracy of predictive calculations.

6.3 Unexpected results ~

The preponderance of data indicates that the principal mechanisms of TPB” degradation have
been identified, and KTPB and CSTPB do not rapidly decompose under process conditions
and storage in ITT. However, if the increase in soluble 1~7Csand K+observed in plant and
laboratory tests cannot be adequately explained, then more work wil! be needed to clearly
identify other mechanisms and determine their effect on the process. Unexpected results
could have tes~ programmatic, and/or process impacts. Examples of unexpected results and
potential impacts include the following:

● If solid KTPB is not relatively stable, projected benzene generation by this mechanism
could be significantly hi~h~ than that observed from other mechanisms.

This result would indicate the projections for long-term storage stability are not
conservative and bounding, since the KTPB solids are a significant potential source of
benzene. Such a result would require major effort to resolve the potential consequences.

. Calculations using the best available volubility and kinetic data predict soluble t37CSand
K+ increases at a - ratethan thatobserved in the plant.

This result would show the current calculations based on volubility considerations,
chemical degradadon of soluble TPB””andkadiolytic degradation does not include ali
significant mechanisms that affect ‘nCs and K+solubilities. For example, adsorption of
NaTPB on the surface of the solid KTPB has been postulated to account for lower than
expected soluble NaTPB in filtrate,leading to lower than expected 1‘7CSvolubility.
Experimental volubility measurements do not account for absorbed TPB M being
available for reaction in volubility expressions used in calculations. This result would be
consmmtive and bound the expected ranges of operation in the plant.

● Calculations using current volubility and kinetic data (including kinetic data from solid
phase KTPB degradation)predictsoluble 13’CSand K+incrmes at a sIowa rate than that
observed in the plant.

This result would indicate that other mechanisms that increase dissolution of 1~7Csand K+
have not yet been incorporated into predictive calculations. This result would not be
conservative and could result in a programmatic impact on restart until the other
mechanisms are identified.
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The In-Tank Precipitation (ITP) facility at the Savannah River Site initiated
radioactive operation in Tank 48H in September 1995. During pump operation in
December 1995, benzene evolved ftom Tank 48H at higher rates than expected,
though the operational safety limit was never approached. Subsequent investigations
revealed the source of benzene was catalytic decomposition of excess, soluble
tetraphenylborate (TPB) that was added to assure adequate suppression of cesium
volubility.T”1

In August, 1996 the Defense Nuclear Facilities Safety Board (DNFSB) issued
Recommendation 96-1 in which the Board recommended operation and testing not
proceed without an improved understanding of the mechanisms of benzene generation,
retention, and release. In the 96-1 Implementation Plan,7”2 the Department of Energy
developed its approach to resolve the issues raised by the DNFSB. The plan is based
on the development of a revised safety strategy and a combination of bench, pilot scale
and plant tests aimed at understanding benzene generation, retention, and release,
Further, the test program includes these elements:

● Benzene generation
+ determine catalyst(s), mechanisms, and rate constants for decomposition of

soluble TPB
+ study stability of solid CSTPB and KTPB
+ codrm using actual wastes

● Benzene retention
+ determine capacity of slumies to retain benzene
+ endeavor to understand the physical forms in which benzene is retained

● Benzene release
r + develop an understanding of how benzene is released in lab scale tists

and in pilot scale demonstration
+ determine plant equipment mass transfer coefficients in plant tests

Implementation Plan Commitment # 4 states that benzene retention mechanisms and
retention rates (capacities) will be determinql for ITP waste slurries and filtrate.
Commitment #4 contains MO related milestones which will both be met under this
test plan, Milestone #5.2.3-1 requires a test plan to define the important retention
mechmiam while IKileatone#&2.3-2 requires a test plan to determine the capaci~
and distribution of benzene retention in Tank 48H slurry as a fhnction of controlling
parameters. This test plan describes studiee to be perfbrmed to determine how and
how much benzene is retained in TPB slurries above the “apparent volubility” limit
(see Appendix D).
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SCODQ

The scope of this test plan covers activities performed by the Savannah River
Technology Center (SRTC). These activities will determine the capacity and
distribution of benzene in KTPB slurries above the apparentt volubility limit (see
Appendix D) as a function of controlling parameters such as KTPB solids
concentration, sodium concentration, agitation/quiescence, temperature, etc. Data and
observations from these studies are expected to elucidate how the benzene is retained
and the relative releasability of the different retention mechanisms.

Estimates of benzene retained in Tank 48H and observations of bench scale testing
show that benzene can be retained in quantities well in excess of that which is soluble
in the solution. The retention and slurry-vapor equilibrium of benzene in slurries up to
the apparent volubility limit are being studied as described in Appendix D, Scoping
tests indicate the apparent volubility limit for a 3 wt % KTPB slurry (5 M Na+) is
about 1800 mg/L.7.3 However under quiescent conditions in Tank 48H, benzene was
observed at much higher concentrations -7000 to 8000 mg/L.7”1 In addition, on March
5, 1996 a small quantity of benzene was released at rates much greater than
previously observed indicating the possibility of retention by a different mechanism in
a more readily-released form.

The studies described in this test plan have been divided into three key elements:

●

9

●

investigation of methods to detect and observe benzene in KTPB slfies,

bench scale tests to determine the impact of process variables on benzene
retention capacity and release, and

pilot scale tests to study retention and release on a scale and in equipment
that is expected to allow direct and indirect observation of the benzene
retention form/mechanism.

t In ~ ~q~d.~q~d solution~th very limited sol~bfiti~ SU~ ss ~~ne md water, the equilibrium vapor
pressure of benzene above the solution is leee than the pure benzene vapor preeaure at the same temperature if
the solution is not saturated with benzene. When the solution reaches the saturation point (incipient two-phase
liquid), the benzene vapor preaaure over the eolutioniaequalto the vaporpreeaureof a pure benzene phaee. UP
to saturation, the ratio of benzene in the vapor to benzene in the liquidia generally approximatelyconstantend
is known aa the Henry’s Law conetant. Aa previously mentioned, banzena ia “soluble” in KTPB elurriee at much
higher concantratione than for the salt eoluk alone. Smiler to a liquid, aa benzene concentration in the slurry
incraeeeathe equilibrium vapor preeeure over the slurry rises approximately linearly until it reachee the vapor
pressure of pure benzene. At thieconcentration, the slurry has become saturated with benzene at the “apparent
volubility” limit of benzene.
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3.0 Ob]ectwes ~ctatu
. . .

3.1 Objectives: The test objectives seek to provide an understanding of how and
where benzene is retained in quantities above the apparent volubility limit, how
these quantities are affected by process parameters, and release rates of benzene
from the retention forms encountered. A Technical Task Request (’ITR)7”4has
been issued by ITP Engineering (ITP-E) defining the specific taska for this plan.
Stated tasks are:

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

Under agitated and quiescent conditions, determine benzene retention
capacity and releasability as benzene is accumulated beyond the apparent
volubility limit. Note: .It has been judged that agitation would prevent
benzene fkom accumulating beyond the apparent solubili~ limit; therefore,
tests will be maintained under quiescent conditions until the release tests
are performed

Determine the efhcts of time, ECTPB1,temperature (and other significant
parameters determined during the “apparent solubili~ testing described
in Appendix D) on knzene retention beyond apparent volubility.

Continue testing at increasing benzene accumulation until the mass
transfer coefficient increases consistent with the benzene release rate
observed on March 5, 1996. Noiw Mass transfer coefficients will not be
determined during this testin~ however, baseline release rate measure-
ments and obsemations are expected to be suilkient to determine if
benzene has reached a readily-released form.

During above testing or in experiments specifically for this purpose, use
available measurementdobservation methods to develop an under-
standing of the probable mechanisms and physical forms, (e.g., coalesced
droplets, rag, ties layer) by which benzene is retained beyond the apparent
solubili~ limit.

If benzene is introduced directly, perform testing or evaluation ta show the
method used to introduce benzene in the above tests produces results
comparable to producing in situ benzene by chemical reaction. Note
Benzene will be generated in situ for these task It is planned to add
benzene directly to the slurries only if this prerequisite is met and if the in
situ benzene generation ia inadequate to achieve test objectives.

3.2 Expectations: At the conclusion of teets performed under this plan, it is expected
thak

3.2.1 The benzene refxmtion capacity above the apparent volubility limit for
KTPB slurriee will have been determined.
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3.2.2 The effects of various process parameters on benzene retention capacity
will have been quantified.

3.2,3 Data on the release rates as a function of process parameters will have
been developed.

3.2.4 Benzene will have been accumulated in quantities sufficient to observe
easily released benzene,

3.2.5 How and where benzene is retained will have been observed by sampling,
analysis, and observation techniques such as optical microscopy, UV
microscopy, and/or magnetic resonance imaging.

4.0 Test Methodolow and ~

4.1 Three Task Technical Plans (TTP) control the work related to this test plan. The
first,7.5 covers selection of methods to detect and observe benzene in KTPB
slurries. The other wo control the bench-scale and pilot-scale tests,
respectively. 7“6~707Key parameters for the bench-scale and pilot-scale tests must
be selected and controlled to produce the expected results. In both the bench-
scale and pilot-scale tests, key parameters specified are the sluny composition,
temperature, time, benzene generation technique and rate, and purge rate
during quiescent and agitated periods. Additional key parameters in the bench-
scale tests are wt % KTPB, wt Yoinsoluble solids, irradiation, and ma+].
Variation in particle size would also likely affbct results; however, prior work
indicates it is difficult to obtain significant changes in particle size.

4.1.1 The slurry composition is a key variable in both bench-scale and pilot-scale
tests. It is important the slurry be prepared as specified in the test matrix.
In the pilot-scale tests, weight percent KTPB will be varied to determine
the effect on benzene retention and release. Insoluble solids will be varied
in proportion to the wt 70 KTPB. The [Na+] will be maintained at 4.7 M
with the exception of two tests where it will be diluted during the release
testing. In the bench-scale tests, wt % KTPB, wt % insoluble solids, and
ma+] till ~ v~~ ~ de~~e their eff~t on ~nzene re~ntion and

release. After preparation, slurry samples will be submitted to provide
data on starting composition.

4.1.2 Several responses are affected by temperature: benzene generation rate,
solubili~, and vapor pressure. Temperatures will be controlled to assure
that temperature variabili~ does not afkt the results.

4.1.3 In these tests, quiescent time is a principal parameter. Release tests and
other required operations will be performed at the time intervals specified
in the test matrix.
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4.1.4

4.1.5

4.1.6

4.1.7

The technique for introducing benzene could have significant impact on the
results. To ensure the most reliable results, benzene will be generated in
situ in these tests at a rate comparable to that in Tank 48H (see Section
3.1.5 of this appendix). It is thought this technique is necessary to produce
the benzene retention mechanisms encountered in Tank 48H.

N2 purge will be maintained to simulate the conditions of Tank 48H. The
purge will be set to provide a turnover rate comparable to Tank 48H but
will be increased during the release testing to provide sufficient flow to
obtain good release rate measurements.

Imadiation causes a significant change in the slurry rheology.7.8 Radiation
is postulated to damage the particle surface and change it tiom very
hydrophobic to less hydrophobic. If so, irradiation may have a significant
impact on benzene retention. Limited tests will determine if this eff~t is
significan~ based on the resuka of these tests, additional tests maybe
needed.

Significant variation in KTPB particle size, and thus the surface area,
would be likely to have a significant effect on the benzene retention
capacity. However, studies by Swingle and Walker show that particle size
is only slightly affbcted by precipitation time and sequence.7.9 The time to
combine the salt and NaTPB solutions was varied &om rapid to almost six
days. Also, the standard sequence (adding NaTPB to salt solution which
results in all the precipitation occuring at very low KTPB volubility) was
compared to reverse addition (adding salt solution to NaTPB which starta
the precipitation at relatively higher KTPB solubilit@. Nevertheless,
consistent particle size in these tests will be assured by preparing each
slurry using a standard procedure. An attempt will be made to measure
particle size using a Coulter counter or a scanning electron microscope.

4.2 Testing for this plan will be performed under the ‘lTPs prepared by the
performing organization.7.6~7”7 The TTPs contain detailed information on
methods, temperatures, compositions, test conditions, and analytical
requirements. The general methodologies for both the bench-scale and pilot-scale
teeta are similar and are summarized below.

4.2.1

4.2.2

4.2.3

Prepare slurry, establish purge, maintain at 40 ‘C, sample liquid and
vapor.

Maintainquiescent and observe, sample vapor, raise to test temperature
after four days.

Maintain quiescen~ maintain purge and temperature, observe, sample
vapor and liquid at speded &equency, monitor and videotape as needed
or as specihi in W matrix

\
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4.2.4

4.2.5

At the end of the quiescent period, sample as specified, increase purge,
agitate, monitor release rate, sample slurry when homogeneous, turn off
agitation and reduce purge to normal after 30 minutes.

After seven more days, repeat release tests and continue until benzene is
deinventoried (pilot-scale) or less than 50% of peak (bench-scale).

5.0 Test Descri~tioq

5.1 Elements common to both bench-scale and pilot scale tests

5.1.1

5.1.2

5.1.3

5.1.4

5.1.5

The slurry com~osition will be based on the 4 wt % KTPB formulation
devised f;r testing at the University of South Carolina.7. 10 The recipe will
be adjusted as needed to produce slurries at other specified solids
concentrations. This formulation has been tested and shown capable of
producing in situ benzene.

Two baseline tests will be performed to determine release rates from
aqueous solutions. The first will use a watdbenzene solution with benzene
added until it exceeds the volubility limit. This will baseline the release
rate for “readily-released” benzene. The second will be from an aqueous
solution well below saturation and will baseline the release rate for
benzene which is not readily releasable. In a third baseline test, benzene
will be added to a slurry beyond the “apparent volubility.”

During the quiescent period, the vessels will be purged with N2 at a rate to
produce a headspace turnover rate of about 2-3 hours (similar to Tank
48H). During the release test period, the purge rate will be increased
sufficient to ensure the gas phase does not limit mass transfer and to
provide good release rate measurements.

Tests will have a nominal duration of either 30 or 60 days. This should be
sufficient to produce benzene accumulation equal to or greater than
observed in Tank 48H.

With the exception of one pair of tests in bench-scale series, the nominal
temperature maintained kough the quiescent period will be 50 “C and
will be controlled within* 3 “C. The temperature maybe increased if
necessary to increase the benzene generation rate.

5.2 Bench-scale tests

5.2.1 A total of twenty tests are planned in the bench-scale studies. These tests
are designed to study the effects of controlled parameters on benzene
retention and release for slurries above the apparent volubility and will
cover the range of conditions expected in ITP and Late Wash.
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5.2.2

5.2.3

i

5.2.4

Tests will be conducted in sealed 2 liter glass vessels maintained at
constant temperature by either a constant temperature bath or by a water
jacket. The vessels will be equipped with agitators, ports for nitrogen purge
inlet and outlet, and a port for liquid sampling.

For the nominal quiescent periods of 30 or 60 days (Q = 30 or 60), the
planned test sequence is:

Day 1: Establish N2 purge (2-3 hours holdup time); agitate as required for
slurry makeup; ramp temperature to 40 ‘C by end of day

Days 2-6: No agitation, maintain 40 “C; sample liquid and vapor every
other day, vapor first; analyze for benzene

Day 6: Ramp to specified temperature

Days 6 to Q-1: Maintain specified temperature; sample liquid and vapor
weekly for benzene; at day Q-1, also analyze liquid sample for TPB
decomposition products

Day Q: Maintain specified temperature; increase purge; prepare for on-
line vapor sampling agitate sl~, samplehnalyze vapor at the maximum
rate capable by analytical device; continue for 30 minutes; stop agitation
and return to quiescent conditions

.
Day Q+7: Repeat agitation and release test until release rate is < 50% of
peak rate observed on day Q.

Test Matrix

5.2.4.1

5.2.4.2

The first six tests will be a factorial test of the effkcta of slurry
concentration (1 to 12 wt % KI’PB) and time (30 to 60 days).

The remaining sixteen tests will vary a single parameter to
determine if the parameter has a signMcant effect insoluble
soli&, absorbed radiation dose, salt composition (i.e., ionic
strength), temperature and Na+ concentration. Some tests will be
conducted at a low enough slurry concentration tn ensure the effbct
is not overwhelmed by the slurry itse~ othem will be performed at
slurry concentrations expcted during washed precipitate storage
and in Lab Wash.

5.3 Pilot-scale tests

5.3.1 A totalof nine tests comprise the pilot-scale studiee, The tests are
designed to provide a demonstration which will determine wherdhow
benzene is retained in the slurry and whenhw the benzene becomes
readily releasable &om the slurry to the vapor pha8e.
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5.3.2

5.3.3

5.3.4

Tests will be conducted in transparent glass columns to allow visual
observations of slurry and benzene phases. The vessels will be about 7.5 in
ID and about 6 ft tall. They will be equipped with numerous sample ports
along the length of the column. The vessel lid will include ports for N2
purge inlet and outlet, agitator bearing and shaft, thermocouples, heat
transfer coil inlet and outlet, and vapor sample. The temperature will be
maintained with the heat transfer coil using hot water,

During release testing, agitation will be provided by a pump circulating
from the bottom of the column to one of several discharge ports located
along the column length. If necessary, agitation can be adjusted by moving
the discharge port closer to, or farther horn, the floating slurry. Circulation
rate could be adjusted and/or the agitator could be operated.

For the nominal quiescent periods of 30 or 60 days (Q = 30 or 60), the
planned test sequence is:

Day 1: Establish N2 purge (2-3 hours holdup time); add chemicals and
agitate for slurry makeup; ramp temperature to 40 ‘C by end of day;
analyze vapor for benzene and liquid for benzene and soluble TPB

Days 2-5: No agitation, maintain 40 ‘C; inspect slurry daily; analyze vapor
for benzene

Day 6: Ramp to specified temperature; analyze vapor for benzene; inspect
column conten~

Day 7: Photograph, videotape, and sample at selected locations along
column length; analyze vapor for benzene and analyze liquid for benzene
and soluble TPB

Days 7 to Q-1: Maintain specified temperature and low purge rate;
maintain weekly vapor benzene analysi~ maintain weekly photographing,
videotaping, and liquid analyses for benzene and soluble TPB

Day Q Maintain specified temperature; photograph, videotape, and
sample along entire column length; analyzer vapor for benzene and liquid
for soluble TPB and TPB decomposition products; increase purge; prepare
for on-line vapor benzene analysis; start pump to mix sl~, sample slurry
when column contents are homogenized; samplehnalyze vapor at
madnmm rate capable by analytical devic~ continue agitation for 30
minutes; reduce N2 and reestablish quiescent conditions; photograph,
videotape, and sample at selected locations along entire column length

Day Q+n*7 ( for n = 1,2,3 , ...). Repeat agitation, vapor sampling,
quiescent sequence under high N2 purge rate for n cycles until peak
benzene concentrations differ by no more than 5 %, time perrnittin$
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5.3.5

5.3.6

determine time to de-inventory slurry of benzene; continue release testing
to deplete benzene from slurry; photograph, videotape, and sample along
entire column length

Based on observations and data collected during testing, selected samples
will also be characterized to determine the physical nature of the retained
benzene using the methods developed to detect and observe benzene in
KTPB slurries.7’5 One criterion for selecting samples for such characteri-
zation is release rate.

Test Matrix

5.2.6.1

5.2.6.2

5.2.6.3

The first six tests will test the effect of slurry concentration at
three different concentrations and the effect of time, 30 and 60
days, on benzene retention and release.

The next two tests will examine how benzene is released while
diluting the salt solution sufficiently to cause the slurry to sink.
The quiescent period will be 30 and 60 days.

The ninth test will last for up to 120 days in an effort to form a
separate benzene layer. If a separate layer is formed, the material
will be monitored for benzene release. An intentional release test
will be performed only after obtaining sufEcient data on release
under quiescent conditions.

6.1 Evaluation of results

Evaluation of the test results is one of the most important facets of the test
program. Several factors influence and enhance the evaluation process.
Analytical uncertainties are quantified by use of matrix blanks and check
standards. Historical inftnznation on the performance of analytical methods also
provides insight into the error. Test results are compared to previous tests and
plant observations. Data is reviewed, as available, fit by the performing
organization and then with the requesting organization to determine as early as
possible iftetsts need M be repeated or additional teats are required. Finally,
uncertainties in the data are evaluated and documented as part of the reporting
process.

6.2 Expected range of results

Q Retention capaci~
The amount of retained benzene is expected to range tim as low as a few
thousand rng/Laverage (or lower) to as high as 10,000 mg/L average by
complete decomposition of the 0,03 M excess NaTPB. 10,000 mg/L at 1 wt %
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KTPB could be equivalent to as high as 100,000 mg/L in a 10 wt % KTPB
slurry in terms of retention and releasability.

c Release rates
The observed release rates should fall within the range of rates established in
the baseline tests. Along with visual and enhanced observation methods, the
baseline test with benzene above the volubility limit and the comparison of
release rates are expected to provide the bases for determining if “readily
released” benzene has been formed.

G Observed or inferred retention mechanisms
T’he observed or inferred retention mechanisms may range from simple
aqueous volubility and surface adsorption on TPB solids to the formation of a
free benzene layer.

6.3 Unexpected results

Unexpected results could have test, programmatic, and/or process impacts,
Examples of unexpected results and potential impacts include:

● Low benzene generation
In situ benzene generation rates maybe lower than expected. Rates will be
monitored by liquid and vapor sampling during the quiescent period. The test
temperature could be increased if necessary to increase the TPB decomposition
rate. If increasing the temperature is ineffective, there would be an adverse
schedule impact. Other options for increasing benzene include increased
catalyst, increased NaTPB, or direct benzene addition if confirmed to be an
adequate method of introduction.

● Relative release rates which do not correspond to rates observed in Tank 48H
Release rates are expected to be an indication of controlling mass transfer
from the slurry to the vapor. As such, release rates tkom slurries with high
benzene retention should be relatively higher than from low benzene retention
and should correspond in a predictable way to mass transfer rates observed
during Tank 48H pump operations and depletion runs. Lack of correspondence
would likely indicate some systematic inadequacy in the test methodology and
would likely result in significant programmatic delay.

● Inconsistent results
Poor consistency might be caused by factors such as inconsistent in situ
benzene generation rates, the combination of particle size effbct (surface area)
and particle size variabili~, or other inadequately understood or controlled
experimental factors. The potential impact would depend on the magnitude of
the inconsistency and would range from calculational uncertainty (requiring
more conservative assumptions and operating conditions) to additional,
revised experiments.
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1.0 Introduction & J3ac-
.

The In-Tank Precipitation (ITP) facility at the Savannah River Site initiated
radioactive operation in Tank 48H in September 1995. During pump operation in
December 1995, benzene evolved fkom Tank 48H at higher rates than expected,
though the operational safety limit was never approached. Subsequent investigations
revealed the source of benzene was catalytic decomposition of excess, soluble
tetraphenylborate (TPB) that was added ta assure adequate suppression of cesium
volubility.T”l

In August, 1996 the Defense Nuclear Facilities Stie& Board (DNFSB) issued
Recommendation 96-1 in which the Board recommended operation and testing not
proceed without an improved understanding of the mechanisms of benzene generation,
retention, and release. In the 96-1 Implementation Plan,7-2 the Department of Energy
developed its approach to resolve the issues raised by the DNFSB. The plan is based
on the development of a revised safety strategy and a combination of bench, pilot scale
and plant tests aimed at understanding benzene generation, retention, and release.
Further, the test program includes these elements:

● Benzene generation
+ determine catalyst(s), mechanisms, and rate constants for decomposition of

soluble TPB
+ study stability of solid CSTPB and KTPB
+ coti using actual wastes

● Benzene retention
+ determine capacity of slurries to retain benzene
+ endeavor to understand the physical forms in which benzene is retained

s Benzene release
+ develop an understanding of how benzene is released in lab scale tests

and in pilot scale demonstration
+ determine plant equipment mass transfer coefficients in plant tests

Implementation Plan Commitment # 5 states that tests will be conducted and plant
data evaluatedto quantifybenzenereleaserates for both plannedand inadvertent
plant evolutions.Benzenereleasecalculationsrequirea quantitativeunderstandingof
how much benzeneis retainedin the slurry and the shuzy-vapor equilibrium(SW at
varying conditions.Milestone#5.2.4-l requires a teatplan for laboratoryrelease
studiesto be issuedJanuary1997.This test plan describes studies to be performed on
potassium tetraphenylborate (KTPB)slurriesto determineAmy benzeneretention
capacitiesand benzeneSVErelationships.
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2.0 SCODQ

The scope of this test plan covers activities performed by the Savannah River
Technology Center (SRTC). These activities will determine slurry benzene retention
capacities and benzene WE relationships for KTPB slurries under varying conditions
up to the “apparent volubility” limit for benzene in the slurry. t

Walker reported vapor-liquid information for benzene in simulated salt solutions
which quantified the effects of high ionic strength salt solutions on the vapor pressure
of benzene. 7.3 Walker also reported some preliminary results in earlier studies that
TPB slurries reduced the vapor pressure of benzene as compared to the salt solution
and that the volubility of benzene in the slurry was higher than in the salt solution
alone.7.4 Observations of benzene generation and release in Tank 48H, Batch 1
indicated very high benzene retention and recent studies by Crawford provided
additional data confhning this behavior. T-s

To perform calculations on the benzene release rate born the slurry, the rate at which
benzene is generated, how much is retained in the slurry (retention capaci~), and how
benzene is released must be quantitatively understood. One of the factors controlling
release rate is the benzene vapor concentration at the liquid-vapor interface which can
be expressed as the product of the liquid (slurry) benzene concentration and the SVE
ratio (analogous to Henry’s Law constant). This test plans describes studies to
determine the benzene volubility (retention) and the SVE relationship at varying
conditions for TPB slurries containing benzene up to the maxirnum’’apparent
volubility. “

Tests are described in this test plan to determine the apparent solubili~and the SVE
relationships for KTPB slurries as a ii.mction of temperature, salt solution composition
and concentration, absorbed radiation dose, decomposition intermediates and
surfactant concentrations. Monosodium titante (MST), sludge solids or aqueous
specific gravity will also be tested to determine if they have significant effect.

At times, the observed quantities of benzene retained in Tank 48H, Batch 1 were well
in excess of preliminary values reported for apparent volubility.7”6 By definition, the
vapor pressure over these systems is equal to the vapor pressure of pure benzene. The
benzene retention capacitiesandrelativebenzenereleaserates for these systemswill

t In * liq~d.liq~d ~~luti~n ~~ “e~ limited g~lubilitiesSuchaS be~ene md Wakr, the equilibrium vapor
pressure of benzene above the solution is lees than the pure benzene vapor pressure at the same temperature if
the solution is not saturated with benzene. When the solution reaches the saturation point (incipient two-phase
liquid), the benzene vapor pressure over the solution ia equal to the vapor pressureofa Pure benzene pha- UP
to saturation, the ratio of benzene in the vapor to benzene in the liquid is generally approximately constant and
is known as the Henry’s Law constant. As previously mentioned, benzene is “soluble” in KTPB slurries at much
higher concentrations than for the salt solution alone. Similar to a liquid, es benzene concentration in the slurry
increases the equilibrium vapor pressure over the slurry rises approximately linearly until it reaches the vapor
pressureof pure benzene. At this concentration, the slurry has become saturated with benzene at the “apparent
volubility” limit of benzene.
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be studied under the test plansdescribedfor Commitment#4, Implementation
Milestones #5.2,3-1 and #5.2.3-2.

Tests to characterize the retention and release of benzene from slurries containing
benzene in concentrations above the apparent volubility are discussed in Appendix C.

390 Oblectwes ~
. . .

3.1 Objectives: The test objectives are designed to develop benzene retention
capacities and SVE ratios for KTPB slunies up to their apparent volubility
limits. A Technical Task Request (’M’R)7”7 has been issued by ITP Engineering
(ITP-E) definingthe specifictasks for this plan. Statedtasks are:

3.1.1

3.1.2

3.1.3

Determine slurry and vapor benzene concentrations and apparent
solubili~ limits for benzene in KTPB slurries as a fimction of temperature,
ionic strength, quantity of KTPB solids, radiation dose greater than 75
Mrads, decomposition intermediates, and surfactants.

Determine if MST, sludge solids, or aqueousspecificgravity (i.e., solids
floatingversus sinking)afkct the results and performadditionaltesting if
required.

Rovide correlations for use in modeling the flowsheet and for evaluating
benzene retention and release.

3.2 Expectations: At the conclusion of tests pefiorm&i under this plan, it is expected
that:

3.2.1

3.2.2

3.2.3

Apparentbenzenesolubilitieswill have been determinedfor slurry
compositionsand conditionsencounteredthroughoutITP and LateWash.

SVE ratios, including any significant non-linear behavior with benzene
concentration, will have been determined for slurry compositions and
conditions expectd throughout ITP and LateWash.

When combinedwith dataproducedin other tests, benzeneretentionand
releasewill be adequatelyunderstoodand modeled.

.
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4.0 Test Methodolom and ADD roach

4.1 Key parameters must be selected and/or controlled to produce the expected
results. As specified in the Task Technical Plan, the key parameters to be
controlled and varied are temperature, salt composition and concentration (i.e.,
ionic strength), TPB solids concentration, concentrations of decomposition
intermediates and surfactants, insoluble solids (sludge and MST), irradiation,
and specific gravity.7.8 Slurry particle size, leakage from the test vessels, method
of benzene introduction and equilibration time are parameters which may affect
the results that will be controlled but not varied.

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

The high apparent benzene volubility in TPB slurries is believed to be
primarily due to association with the solids. Consequently, the TPB
concentration will range from 1 wt YO to 12 wt 70 to carefully explore the
range of expected solids concentrations.

Volubility is a function of temperature; temperatures will span the range of
ambient (25 ‘C) to the expected maximum in Late Wash (65 ‘C).

Benzene volubility in aqueous solutions ranges horn about 1800 ppm in
pure water to as little as 100 ppm in 6 M Na+ solutions.?”s This is due to
the “salting out” effect at high ionic strength. The salt concentration will
range horn 5 M Na+ (ITP) to 0.2 M Na+ (Late Wash) and will include
floating slurry (5 M Na+) versus non-floating slurry (2.0 M Na+). As
discussed in Fowler’s memorandum,7”9 the influence of ionic strength and
resultant activity coefficients can be explored by use of the nominal
compositions of average salt, high hydroxide, and high nitrate (low
hydroxide).

Soluble organica such the decomposition intermediates (3PB, 2PB, and
lPB) or surface active agents (Sur&nol,@ tributylphosphate (TBP), and
Dow Corning antifoams) may increase the volubility of benzene or affect
the proposed adsorption of benzene on the TPB solids. Tests will be
performed at maximum expected concentrations to determine if there is
any signiilcant effect. If there is a significant effect, additional tests maybe
warranted.

Though considered unlikely, insoluble solids such as sludge and MST may
tiect the apparent benzene volubility. Tests will be performed to
determine if there is a significant effect; additional tests may be needed.

Irradiation causes a significant change in the slurry rheology.?”lo
Radiation is postulated to damage the particle surface and change it fkom
very hydrophobic to less hydrophobic or even hydrophilic. If so, irradiation
may have a significant impact on benzene retention. Limited teste will
determine if this effect is significant additional tests maybe needed.
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5.0 Test Descri~tion

5.1 A total of 26 different combinations (see Section 5.2.2) of slurry composition and
temperatures will be run as described below. A total of 17 out of the 26
combinations will include replicates to determine the reproducibility of the test
method.

5.1.1 KTPB slurries will be prepared with the dissolved salt compositions
specified in the ‘ITP. Solids content and additives (e.g., sludge, MST, and
TPB) are added according to the Test Sequence matrices shown in the TTP.
(Section 5.2.2 summarizes the test sequence matrices.) For the 5 M Na+
salt slurries, an initial KTPB slurry concentration of 1 wt % will be
prepared directly. The slurry will then be concentrated to 12 wt % and the
filtrate retained for dilution as required. Slurry aliquote will be taken from
the 12 wt % slurries since experience has shown these slurries do not
separate into slurry and clear liquid layers.

5.1.2 The prepared slurry will be placed in a test vessel along with a magnetic
stir bar and the vessel closed.

5.1.3 A specified quantity of benzene will be injected through a septum in the
test vessel.

5.1.4 The vessel will be placed in a constant temperature (* 2 “C) bath on top of
a magnetic stirrer and stirred until the slurry and vapor equalize. The
vessel will be checked visually to ensure adequate agitation and will be
vented periodically during the first few hours to avoid pressurization.

5.1.5 When the vapor and slurry have equilibrated, both the slurry and the
vapor will be sampled and analyzed for benzene by gas chromatography.

5.1.6 Mass and volume during slumy preparation, gravimetric weight percent
solids, and possibly particle size measurements by Coulter counter or
scanning electron microscopy will be measured.

5.2 Test Sequences and Test Matrix

5.2.1 Test Sequences

Initially, a series of five test matrices (see Table 1) will determine the
effect of several parameters on benzene retention and vapor pressure. Test
Sequence #1 will study the effect of salt composition and concentration
(i.e., ionic strength) while temperature and KTPB solids are maintained at
a constant, intermediate value. In Test Sequence #2, the effects of
insoluble solids (sludge and MST) will be studied at constant temperature
and ionic strength and low and intermediate weight percent KTPB. The
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5.2.2

effect of radiation (- 95 ~ads), mid to high KTPB solids, low ionic
strength and mid temperature will be studied in Test Sequence #3. Test
Sequence #4 will determine if sutiactants or decomposition intermediates
have a significant effect. Finally, Test Sequence #5, which is a statistically
designed matrix, will explore the effects of temperature and weight percent
KTPB solids at high Na+ molarity.

Test Matrix

XOk!ld

Test Seq. No. 1 2, 3 4 5
*

seq. Objective Salt Content InsolubleSolids Irradiation Int’s&Surf’s Temp&%TPB
Testain Saq. 5 5 3 4 9

Temperature Mid Mid Mid Mid 5 W tempts
Wt%TPBSOkhl Mid Lo,Mid IW4 Hi Mid 5dWwt%TPB
lNa+] Hi, Mid,Lo Hi Lo Hi Hi
Salt composition AvgOH, Hi AvgOH AvgOH Avg OH Avg OH

OW, Hi NO$ ,
Sludgs No Yes No “ No No
MST No Yes No No No
Irradiated No No Yes No No
Intermediat43s No No No Yes No
TBP No No No Yes No
Surfynolw No No No Yes No
DowCorning No No No Yes No
Sntifoam
Rsiplicates Yes Yea Yes Yes Yes

6.1 Evaluationof resulta

Evaluationof the test resultsis one of the most importantfacetaof the test
program.Severalfactorsinfluenceand enhancethe evaluationprocess.
Analyticaluncertaintiesare quantil%dby use of matrixblanks and check
standards.Historicalinformationon the performanceof the analyticalmethods
also providesinsight intdthe error. Replicatetests are performedtuprovidedata
on reproducibili~ and allowevaluationof the total (“pure”)experimentalerror.
Test results are comparedto previoustests and plantobservations.Data is
reviewed,as available,fit by the performingorganizationand then with the
requestingorganizationto determineas early as possibleif tests need to be
repeatedor additionaltests are required.Finally,uncertaintiesin the data are
evaluatedand documentedas part of the reportingprocess.
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6.2 Expected range of results

● Apparent volubility limits for benzene in slurries
The volubility limit for benzene in a 5 M Na+ salt solution is about 180 mg/L.
As Na concentration decreases, the benzene volubility increases to about 1800
mg/L. Crawford has seen about 1800 mg/L in a 3 wt % TPB slurry at 5 M
Na+.7.6 If effect of TPB solids is proportional to concentration, then the
apparent volubility for 12 wt % slurry maybe about 7000 mg/L.7.l
Temperature would be expected to increase volubility slightly. It is expected
that sludge solids and MST will have little or no effect.

● SVE ratios
The Henry’s Law constant for benzene over a 5 M Na+ salt solution is about
3.5. & the apparent benzene volubility increases, the SVE ratios (when
calculated in the same manner as a Henry’s Law constant) will decrease
proportionately. Therefore, the SVE ratio at 12 wt % slurry may be about a
factor of 40 (i.e., 7000+ 180) lower.

6.3 Unexpected results

Unexpected results could have test, programmatic, and/or process impacts.
Examples of unexpected results and potential impacts include:

● Method for introducing benzene is not adequate
The catalytic decomposition of soluble TPB and the intermediates produces
benzene at a molecular level and at a relatively slow rate. The benzene
introduction method proposed for these studies injects liquid benzene directly
to the slumy in a short period of time. There is a possibility that benzene
produced in situ at a slow rate will associate with the KTPB solids differently
than when benzene is injected as a liquid. If so, this is likely b affect the
results. Initial scoping studies will be performed prior to commencement of the
above tests in an attempt to determine if this concern is real. (These scoping
studies will also determine the agitation required to obtain good mixing at the
higher slumy concentrations.) If a different benzene introduction method must
be developed, this would likely have a significant programmatic impact.

● High variabili~, poor reproducibility in the data
Poor reproducibility might be caused by an inadequate benzene introduction
method, the combination of particle size effect (surface area) and particle size
variabili~, or other inadequately understood or controlled experimental
factors. The potential impact would depend on the magnitude of the error and
would range from calculational uncertainty (requiring more conservative
assumptions and operating conditions) to additional, revised expepte.

c Significant effects horn insoluble solids, irradiation, decomposition
intermediates, or surfactants
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The test matrices are designed to determine if these parameters have a
significant effect, not to quanti~ the effect. If any of these are significant,
additional tests would be required to quantifi the effects.
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