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HANFORD SITE TANK WASTE REMEDIATIONSYSTEM--
A PROGRAM OVERVIEW

J. C. Tseng
U.S. Departmentof Energy-Headquarters

J. H. Anttonen
U.S. Department of Energy-RichlandField Office

D. D. Wodrich
Westinghouse Hanford Company

R. Herbst
Los Alamos National Laboratory-DC

ABSTRACT

The U.S. Department of Energy's (DOE) Hanford Site in southeasternWashington
State has the most diverse and largest amount of highly radioactivewaste of
any site in the United States. High-level radioactivewaste has been stored
in large underground tanks since 1944. Approximately227,000m3 (60 Mgal) of
caustic liquids, slurries salt cakes, and sludges have _$umulated in
177 tanks. In addition, significantamounts of "uSrand'_'Cs were removed
from the tank waste, convertedto salts, doubly encapsulatedin metal
containers,and stored in water basins.

A Tank Waste Remediation System Program has been establishedwithin the DOE to
safely manage and immobilizethese wastes in anticipationof permanent
disposal of the high-level radioactivewaste fraction in a geologic
repository. Implementingthis programwill require resolving several waste
tank safety issues to maintain safe storage, and then retrieving,treating,
and immobilizingthe waste for dispos_l.
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INTRODUCTION

The U.S. Department of Energy's (DOE) Hanford Site in southeasternWashington
State has the most diverse and largest amount of highly radioactivewaste of
any site in the United States. A Tank Waste Remediation System (TWRS) Program
has been establishedto safely store, treat and dispose of those wastes. This
paper describes the TWRS Program.

BACKGROUND

High-level radioactivewaste (HLW) has been stored in large underground
storage tanks since 1944. Approximately227,000m3 (60 Mgal) of waste have
been accumulatedin 177 tanks. These caustic wastes consist of many different
chemicals. The waste forms include liquids, slurries, salt cakes, and
sludges.

The radioactivewaste stored in these tanks has come from various sources:
(I) three differentplutonium and uranium recovery processes from
approximately100,000Mtu of irradiatedfuel, (2) three different radionuclide
recovery processes from waste, and (3) miscellaneoussources (e.g.,
laboratoriesand reactor decontaminationsolutions). The neutralizedwastes
include sodium nitrate/nitrite,sodium hydroxide, sodium aluminate, sodium
phosphate, large amounts of organics,and approximately260 MCi of
radionuclides.

The wastes are stored in 149 single-shelltanks (SST) and 28 double-shell
tanks (DST). The SSTs consist of a reinforced.concretetank with a carbon-

steel liner and have capacities ranging from 208 m3 (55,000 gal) to 3,785 m3
(] Mgal). The DSTs consist of a carbon-steeltank within a steel-lined
concrete tank, each having a nominal capacity of 3,785 m3 (I Mgal) as shown in
Figure I. Of the older SSTs, 67 have leaked or are suspected to have leaked
approximately3,785 m3 (I Mgal). No waste has been added to the SSTs since
1980. The pumpable liquids have been removed from many of the SSTs so that
the remainingwaste is mostly sludge and salt cake. There is no evidence to
suspect that any of the newer DSTs, the first was placed in service in 1971,
have leaked.

In addition to the waste stored in the tanks, significantamounts of 9°Srand
137Cswere removed from the tank waste, converted Lo salts, doubly
encapsulated in metal containers,and stored in water basins as shown in
Figure 2. There are approximately1,900, 6.7 c_ (2.6 in.) dia x 52 cm
(20.5 in.) long capsules containing 160 MCi.

TWRS PROGRAM SCOPE AND PLAN

The TWRS Program includes all activitiesfor receiving, safely storing,
maintaining,treating, and packaging for disposal of all highly radioactive
tank waste. Tank waste includes the contents of 149 SSTs, 28 DSTs, plus any
new waste added to these facilities,and all cesium and strontiumcapsules
currently stored onsite includingthe return of ceslum and strontium capsules
from other users. Other highly radioactivematerials (such as irradiated
fuel) may also be safely stored by the program.
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Figure I. Double-Shell Tanks.
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Figure 2. Strontium and Cesium Capsules •
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The program scope also includes existing facilities such as waste storage
tanks, evaporators,.pipelines, and the grout low-level radioactive waste (LLW)
treatment and disposal facilities, lt includessupporting facilities that
make up the total TWRS infrastructure,includingupgrades to existing
facilities/equipmentand the addition of new facilities. Major additions may
include facilities to separate and immobilizeHLW; safely store feedstocks,
interim products, and immobilizedHLW; and further treat process generated
low-level,transuranic,hazardous, and/or mixed wastes.

Closure (final disposal) of the SeT and DST sites, currently is not included
in this program. Also, developmentof a geologic repository for disposal of
HLW i_ the responsibilityof DOE's Office of Civilian RadioactiveWaste
Management.

The current conceptual design for the TWRS is shown in Figure 3. This concept
was based on an environmentalimpact statementprepared in 19871. A record of
decisionz was issued in 1988 that states"

• The strontium and cesium capsuleswill be disposed in a geologic
repository.

• The DST waste will be separated into two fractions, with the high-
activity fraction vitrified and disposed in a geologic repository and the
low-activityfraction grouted in near-surfacedisposal vaults.

• The SST waste will undergo additional development and evaluation before a
final disposal decision is made.

Figure 3. Hanford Site Tank Waste RemediationSystem.
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Since this decision was made in 1988, several assumptionsupon which it was
based have changed. These include the identificationof significantwaste
tank safety issues;the DOE, U.S. EnvironmentalProtectionAgency, and
Washington State Department of Ecology signing the Hanford Federal Facility
Agreement and Consent OrderS;the eliminationof B Plant from considerationas
a waste pretreatmentfacility;and the inclusionof SST waste retrieval. As a
result, resolvingwaste tank safety issues,planning for SST waste retrieval,
and developing pretreatmentfacilitieshave become major elements of the TWRS
Program. With these changes, the program is being reevaluatedto determine
the best path forward. A new baseline is being developed and a TWRS
environmentalimpact statement is planned.

GOALSANDOBJECTIVES

An initial set of TWRS Programgoals and objectiveswere established in a
decision by the Secretary oC Energy on December 20, 1991, and have been
further refined as the baselining has progressed. Reduction of environmental,
safety, and health risks inherent in the Hanford Site tank waste operation and
remediationwas the primary goal set for the Hanford Site TWRS Program;
resolutionof outstanding safety issues is the highest priority4. A systems
approach is being used to address the complex and interrelatedactivities
associatedwith the management and disposal of Hanford Site tank wastes, and
solution independentgoals and objectives are being developed as shown in
Figure 4.

MANAGEMENTAPPROACH

The TWRS will be managed as a Major Systems Acquisition (MSA) following the
guidelines established in DOE Order 4700.IA, Project Management System." This
management system is a proven method for formally establishingscope, cost,
and schedule,measuring progress and controllingchange of complex activities.
DOE Order 4700.IA will be implementedas appropriateto the maturing TWRS
Program.

The Hanford Site is also adopting Systems Engineeringfor TWRS and other
cleanup programs. This processwill help us to identify the right set of
design options, analyze the options in a neutral manner, prepare a defensible
decision analysis, and provide the basis for program deployment. To do this,
the Hanford Site has had to step back and look at the problem anew, as
discussed under Technical Strategy below. This strategy is currently
undergoingreevaluationand baselining. A new technical strategy will be
ready for discussionwith the regulatorsand others by March 31, 1993. This
new technical strategy will be described in four baseline deliverables as
follows:

Program Plan

The program plan includesthe project charter and is a summary of the
dimensions of the program to be executed, includingmission, objectives,
schedule, resources, priority,controlledmilestones, and environmental
requirements. For MSAs, the plan is a contract between DOE-Headquartersand
the field organizationfor execution.
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Figure4. Tank WasteRemediationSyste=Mission,Goals,and Objectives.
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ProgramManagement Plan

The program management plan describes the plans, baselines, control and
reporting systems, and methodologiesto be employed in the management of the
program, and defines the organizationalrelationships,roles, and
responsibilitiesof the program participants, lt contains the TWRS Program
baseline for measuring work performance.

Functions and Requirements

Functionsand requirementsdescribes the necessary functions for completing
the mission and identifiesthe requirementsthat the functions must satisfy.

IntegratedTechnology Plan

The integratedtechnology plan describes the technology planning process that
is being used to identify,select, and prioritize technology development
activities,and the strategyfor developing the technology.

Many of the TWRS Program uncertaintiesare technical and technology planning
has three primary objectives:

• Providing technology in time to support the aggressiveHanford Site
cleanup schedule.

• Ensuring the technologywill do the job; i.e., developing alternatives
where there are technical uncertainties;and ensuring the technologies
are robust enough to handle uncertaintiesin waste compositionand
program changes.

• Continuing the search for ways to do the mission better, safer, faster,
and cheaper.

National Technology Working Groups (TWG) are preparingtechnology plans to
assure the best availabletechnology is considered. These TWGs help identify,
select, and prioritize the technology developmenttasks. Foreign technology
also is being evaluated and a series of technicalexchanges with other
countrieshave taken place.

TECHNICAL STRATE6Y

With the program changes described earlier and the several fold increase in
the amount of waste to be immobilizedas a result of planning to retrieve all
SST waste, the TWRS Program strategy is being reconsidered. This new look is
consideringthe full range of possibilitiesfor resolving tank safety issues
and the retrieval, treatment,and immobilizationof waste as shown in
Figure 5. Key technical uncertaintiesincludethe following:

• Methods to resolve tank safety issues. Resolution in the existing tanks
or in a new processing facility are possibilities.

• Capability to sample and analyze the tank waste. Acceptable costs and
schedule to support program needs must be achieved.

7
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Figure 5. Tank Waste RemediationSystem Waste Treatment
and Disposal Alternatives.
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• SST waste retrieval system. The system must clean the tanks to the
desired level at the desired rate, yet function in tanks that may leak.

• Waste pretreatmentprocesses. Radionuclideseparation,organic
destruction,and possible destructionof other hazardous waste may be
needed. There is a wide range of process possibilitiesat various stages
of development. Cost-benefittradeoffs, includingrepository disposal
fees, must be made as well as evaluationof emerging technologies.

• Grout formulation,_ndLLW near-surfacedisposal performance assessments.
Other LLW forms with better performancecharacteristicsand lower volume
may be preferred.

• HLW immobilizationcapacity and design. The HLW volume that will require
vitrificationis greatly influencedby the pretreatmentprocesses
selected.

The process to select a new technical strategy includes evaluating a range of
alternatives,reducing the number of alternativesto a "short list," and then
selecting one. The evaluationsutilize engineeringdata on a number of
performancemeasures and a decision analysis technique that compares
alternativesbased on different preferences.

• CONCLUSION

The Hanford Site TWRS Program is a large, complex, costly program that will
take decades to carry out. Acquiring the commitment and funding to conduct
this program will require a national consensus that it is necessary and it is
being done the best way possible. Therefore, it is importantthat we seek the
best technology and use national expertise in planning and conducting the TWRS
Program.
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TANKWASTERETRIEVALISSUES ANDOPTIONS
FORTHEIR RESOLUTION

W. C. Miller, J. M. Henderson, E. J. Shen, and L. C. Stegen
Westinghouse Hanford Company

W. R. Wrzesinski
U.S. Department of Energy, Richland Field Office

ABSTRACT

The U.S. Department of Energy has undertaken the significant challenge of
remediatingthe high-levelwastes currently being stored underground in tanks
located at the Hanford Site in Washington State. A key element of the
remediationprocess is the recovery of these defense production wastes in
preparationfor downstream processing and disposal. A number of technical and
programmaticissues have been identifiedwith the waste recovery process,
referred to as retrieval. In response to these issues, a retrieval strategy
has been developed that addressesthe need to meet legal obligations and
balances the technology developmentneeds. This strategy has been embodied
into a retrieval plan, which has looked at numerous retrieval system
approaches and establishes a basis for developmentof the selected systems.
The strategy and plan are evolutionary in approach,with the ability to change
when waste properties are better understood,key decisions are negotiated, and
lessons learned are available from initial retrievalefforts.

INTRODUCTION

This paper discussesthe issues associatedwith and the options for
retrievalof high-level radioactivewastes stored in underground single-shell
tanks (SSTs) at the Hanford Site in Washington State. Wastes are also stored
in other types of tanks constructed as double-shelltanks. However, the
retrievalof wastes from these tanks will not be discussed because the
characteristicsof these waste types are relatively well understood and there
is a high level of confidence in the successful use of mixer pump technology
for the retrieval of these waste types. On the other hand, recovery of wastes
residing inside the SSTs presents a significantnumber of unknowns and the
sheer number of tanks to be addressed poses a major challenge.

THE CHALLENGE

High-level radioactivewaste has been produced at the Hanford Site since
1944 as a byproduct of processing spent nuclear fuel for the recovery of
plutonium and uranium. Approximately 140 million L (37 million gal) of waste
are stored in 149 SSTs. These underground storage tanks were constructed and
placed in operation between 1943 and 1964. The SSTs are located in 12 tank
farms. Each tank farm contains between 4 and 18 tanks and is located in the
200 West or 200 East Area of the Hanford Site. No wastes have been added to
any of the SSTs since November 1980. A total of 67 of the SSTs are now known
or suspected leakers. Pumpable interstitialliquid and supernate wastes have
been removed from 105 SSTs and transferredto double-shell tanks through a
jet-pumpingprogram. A total of 48 SSTs have been identified by the
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U.S. Department of Energy (DOE) as having potential for releases of high-level

waste due to uncontrolledincreases in temperatureor pressure. These taDks
have been designated as "watchlist"_anks by DOE:

The sides and bottoms of the tanks are reinforced concrete with a carbon-
steel liner, which varies in thickness from 0.63 to 0.95 cm (i/4 to 3/8 in.).
The domed top is 38.1-cm (15-in.)-thickreinforced concrete, with no steel
liner. There are four tank sizes: 208,000-L (55,000-gal)tanks, which have a
diameter of 6.1 m (20 ft) and a height of about 7.6 m (25 ft); 2.0 M-, 2.P M-,
and 3.8 M-liter (533,000-,750,000- and 1,000,O00-gal)tanks, which have
diameters of 22.9 m (75 ft) and wall heights of about 5.5, 7.3, and 9.7 m (18.
24, and 32 ft), respectively. Figure I is a typical configurationof a 22.9-m
(75-ft)-diameterSST. The tanks are buried 1.5 to 3.6 m (5 to 12 ft)
underground to provide radiation shielding. The internal tank environment is
complicated by internal tank structures (e.g., vertical pipes called risers
and air lift circulators),hardware from previous processes (e.g., ion
exchange resin), and the disposal of miscellaneouscomponents and radioactive
materials (e.g., 30.5-m [100-ft] steel tapes, concrete blocks, fuel elements,
shroud tubes, and samarium "poison" balls).

The program to remove pumpable interstitialliquids and supernatewaste
was started in 1968. Removal of the liquid leaves two types of waste:
a sludge-typewaste, which varies in consistency from that of a thin paste to
peanut butter, and a salt cake, which varies from a jelly form to a hard
material like weak concrete. These wastes have a high pH (approximately12)
and consist primarily of sodium hydroxide; sodium salts of nitrate, nitrite,
carbonate, aluminate, and phosphate; and hydrous oxides of iron and manganese.
The radioactivecomponents consist primarily of fission product radionuclides,

9OSrsuch as and "_'Cs, and small quantities of actinide elements, such as
uranium, plutonium, and americium. A representative interior view of one SST
is shown in Figure 2.

The challenge that lies ahead for DOEis to retrieve the wastes from all
149 SSTs as part of an overall program that will recover, treat, and dispose
of all wastes currently residing in underground storage tanks.

ISSUES ASSOCIATED WITH RETRIEVAL

The development of systems for waste retrieval from the SSTs is
proceeding in an effort to support the process of waste remediation, to
expedite the resolution of safety concerns related to the continued storage of
high-level wastes, and to meet legal commitmentsto the Washington State
Department of Ecology and the U.S. EnvironmentalProtection Agency in the
"Hanford Federal Facility Agreement and Consent Order" (Tri-Party
Agreement)(I). However, numerous issues exist that will impact the selection
of specific retrieval approaches. Some significant issues affecting retrieval
and requiring resolution prior to retrieval system implementationare listed
below.

• The current baseline is to retrieve the wastes from all 149 SSTs.
At the current time, a significantnumber of tanks are not well
characterized. This may result in a requirement for different
retrieval systems to retrieve different waste types or enough
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Figure 1. Single-ShellTank.
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Figure 2. Interior of Tank B-I05.
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flexibility in a single system to handle a variety of waste types.
Technology development activitiesmust remain broad in order to
include flexibilityto retrieve difficult waste types and must
also account for tank conditions (i.e., tank configuration.
structural integrity).

• The schedule for the developmentof retrieval systems with the
capability to successfullyrecover SST wastes in compliance with
environmentalregulations is aggressive. Some yet-to-be-developed
elements of retrieval systemsmay have to be pursued at a higher
risk to support the current schedule.

• Uncertaintyexists over the applicationof the environmental
regulationsto retrieval and the potential impacts that could
result. The interpretationof the regulations are an important
basis for the requirementsto which the retrieval system mus_ be
designed.

• Safety issues associated with "watchlist"underground tanks at tile
Hanford Site are being addressed through other ongoing programs.
Activities associatedwith the resolution of these safety issues
could affect planned retrieval efforts (i.e., tank retrieval
sequence,water removal, in-tank hardware additions).

• Closure planning (which includes definition of what constitutesan
acceptable tank cleanout) must be developed prior to pursuing
waste retrieval efforts. Closure criteria will establish the
performancerequirementsof retrievalsystems.

• The costs associatedwith retrieval of wastes are substantial,and
alternativesmust be identified and developed in a manner to
establish a cost-consciousretrievalprogram.

• Acceptable risk to the environmentduring waste recovery
operatiops is another uncertainty. Without resolution to this
uncertainty, the design criteria for the development of retrieval
systems may be overly conservative. Examples include tile need to
employ double confinement systems to monitor leakage during waste
recovery operations. Conservative design requirements lead to
extended design and development programs, which conflict with a
need to meet an aggressive schedule.

Until the issues, as typified above, have been resolved, assumptions
will be established to provide a basis for the technical and performance
requirements, which, in turn, will allow the design and technology development
process to proceed.

THE RETRIEVALSTRATEGY

The interim resolution of the issues discussed above have been embodied
into a retrieval strategy. This strategy, whose development began during a
national retrieval workshop of technical experts from across the country,
forms the basis for evaluating the options for the retrieval of wastes from
the SSTs. The strategy addresses the need to resolve tank safety issues,
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complies with regulations and regulatory commitments,proceeds with Hanford
Site waste disposal objectives, and works within the constraints of available
tank space. These drivers interact and will change over time as safety issues
are resolved; new storage tank space becomes available through waste
management, waste disposal, and new tank construction;and decisions are made
on waste treatmant processes. This strategy is being implemented as the
Hanford Site S_T waste retrieval strategy and includesthe following key
elements.

• Start with known technology to resolve near-term drivers (tank
safety, Tri-PartyAgreement commitments,etc.).

• Continue with technology developmentto enhance the capabilities
of current technologiesand to bring on line technologies that
improve personnel safety and environmental safeguards performance
and/or cost effectivenessof waste retrieval systems.

• Implementenhanced technologiesas they become available if they
provide significant improvementsover the systems currently being
used or being developed.

• Continue with the development of more advanced concepts, and
implementthese concepts if they represent significant
improvementsover systems currently being used or being developed.

_Continue evaluation and validation of the strategy and adjust as
necessary.

The retrieval strategy includes the development of multiple technologies
to achieve a high probabilityfor successfullycompleting the retrieval
mission. The multiple tecllnologyapproach is required to address the great
diversity of waste types, tank geometries, tank safety issues, and
environmentalconcerns over retrieval of waste from leaking tanks. The
strategy will also incorporatethe lessons learned from early retrieval
campaigns through implementationof advanced systems in later retrieval
actions (SST retrieval is anticipatedto require 20 to 30 years to complete).

DEVELOPMENTOF THE RETRIEVAL OPTIONS

To understand the potential options for waste retrieval from the SSTs,
the retrieval process must be broken down into the major functions. These
Functions are the bases for the identificationand evaluation of the potential
technology solutions to fulfill these functions. Finally, a recommendationon
the technologies and/or systems to be used must be completed.

RETRIEVAL FUNCTIONS

The task of retrieval has been broken down into a series of subtasks or
Functionsnecessary to removingwaste from undergroundstorage tanks.
Figure 3 encompass the functionsthat must be accomplishedin some form for
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Figure 3. Retrieval Functions.
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any retrieval system concept. These functions are laid out in a fashion that
illustrates the sequence and the relative duration over which these functions
would be needed.

• Tank Access--Access to the tank for the retrieval equipment will
be through the existing tank risers or through new risers that
will be installed in the tanks.

• Mobilize Waste--All retrieval concepts require the waste to be
broken up and separated from the main body prior to removal from
the tank. Example processes include pulverization,water cutting,
pneumaticcutting, etc.

• Protect Tank--Duringthe retrieval process, the integrityof the
tank must be protected from overstresses,thermal stresses, and
chemicaldamage.

• Confine Waste--The waste must be excluded from the environment
during retriGval, preparationfor transport, and transport to
pretreatmentor storage.

• Control System--Duringinitialsetup and retrieval operations,
control systems are required to perform the retrieval functions.

• Monitor Process--Monitoringof the retrieval process is necessary
to provide input to the system controls, ensure the safe operation
of the system, allow operator interaction,and prevent damage to
the tank and/or retrievalequipment.

• Deploy System--Allretrieval systems require some method to
install, remove, and/or move the retrieval equipment inside the
SST.

• Physical Characterization--Therecovery of wastes from the SSTs
requires knowledge of their physical and chemical properties.

• Control Tank Environment--Thetank environmentmust be controlled
during the retrieval operations.

• Disposition of In-Tank Hardware--In-tankhardware refers to any of
a number of components installed in the tank, such as air lift
circulatorsor thermocoupletrees or components thrown into the
tank for disposal (e.g.,measuring tapes).

• Convey Waste--A primary function of waste retrieval is the process
of moving the wastes from inside the tank to outside the tank.

• Process Waste--To be able to transport the waste to downstream
processes,the waste must be processed by mixing, slurrying, de-
lumping, dissolving, or diluting.

• Transport Waste- Once retrieved, the waste must be moved to the
downstream process location.
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TECHNOLOGYEVALUATIONPROCESS

The process of evaluating technologiesand systems applicable to the
retrieval of wastes from SSTs has spanned several decades. Most recently, a
series of systematic engineeringstudies(z)and national technology working
groups identified and examined the technologiesapplicable to the retrieval
process and then recommendedspecific approaches. Based on these studies.
component screeningand feature tests were conducted in fiscal year 1990.

In the second phase of the evaluation and selection process, engineering
teams were identified to develop and select SST retrieval system concepts.
The concepts incorporatedthe technologiespreviously identified. These
concepts were developed to a point where the physical arrangementsof the
concepts were defined, issues were identified,and solutions were developed.

The results from the work completed above were reviewed as part of a
"clean sheet" evaluation by a national working group, with members incIL_ding
other national laboratories,private consultants,and government agencies
(e.g., the Bureau of Mines). This national working group, in a series of
meetings conducted over the course of a year, defined the retrieval functions
(discussedpreviously), identifiedconstraintsand requirements, identified
potential technologiesapplicable to the specific retrieval functions, and
recommendedsystem concepts.

Currently, the long-rangeplans for retrievalare being updated to
include the recommendationsfrom the efforts described above and to outline
future activities that identify and evaluate new potential solutions. This
long-rangeplan is the basis for implementingdeveloping retrieval systems.

SYSTEM APPROACHES

A number of system approachesor concepts were identified both in the
studies and in the retrievalworkshops. The approaches identified span a wide
range:

• Hydraulic-based systems--These systems use low- to high-pressure
water jets to dislodge or mobilize the wastes, which are
subsequently removed by traditional pumping methods. Many of the
systems in this grouping rely on proven approaches that have been
employed in the past for similar applications. Aside from
concerns over the addition/control of water during retrieval
operations and limitations in the recovery of some waste forms,
this type of technology was considered to be the most mature and
the most promising for recovery of selected waste types. Past-
practice sluicing, as used on SSTs at the Hanford Site since the
1960's, is an example of this type of system (refer to Figure 4).

• Traditional mechanical mining approaches--Mining systems have been
used for many years to recover salt, coal, etc., from underground
mines. The systems that have been considered are adaptations from
this type of technology. Continuous mining systems, such as long-
wall miners, and batch mining systems were examined and later
dropped from further consideration. In general, these types of
systems were judged to be difficult to maintain in hazardous
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Figure 4. Past-PracticeSluicing.
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environments,lacked the flexibilityneeded to operate within a
tank environment,and might present considerablechallenges to
maintainingworker and environmentalsafety.

• Pumping technologies--Pumpingsystems used to mobilize and mix
wastes within the tanks were examined for applicabilityfor
retrieval of wastes from SSTs. This type of technology uses water
jets placed within the waste to mobilize and mix the waste in
preparationfor removal. The mixer pump systems currently being
employed by DOE at Savannah River and West Valley are examples of
the technology being considered. A concern over the structural
integrityof the tanks and uncertainty associated with the ability
of pumping systems to mobilize many of the SST wastes forms caused
this technologyto rank low for future consideration.

• Manipulator-basedapproaches--Long-reachmanipulator systems used
to deploy specializedend effectors are the basis for this
approach (referto Figure 5). The range of options span from
using human operators to plan and execute all recovery of wastes
to using computer systems to implementautomated recovery
operations. Though this approach suffers from greater complexity
when compared to other concepts, it is also one of the most
flexible in being able to address concerns with protection of the
tank, ability to recover a wide variety of waste types, and
protection of the worker and the environment.

• Self-powereddevices--Self-powereddevices, such as crawlers,
walkers, etc., are largely self-containedunits that have the
ability to move to the waste recovery location and deploy waste
recovery equipment. Many of these types of devices have been
developed to operate inextremely hazardous environments, such as
undersea and on other planets. All of these systems rely on the
ability of the surface on which they are traveling to provide
adequate support, which may not be the case with the wastes within
the SSTs. lt has been pointed out that although the waste surface
may be structurallysound in many areas, in instances, pockets of
sludge or liquid may exist just under the hard surface layer.
A self-supportingsystem will have difficulties reliably moving
about inside the tank.

In the realm of radically different approaches, self-sealinggels, waste
vaporization,localizedmelting, and in situ vitrificationwere identified as
potential concepts. In general, these types of approaches exist as extremely
speculative concepts and will require considerabledevelopment before their
strengths and weaknesses are actually understood. The concept of the self-
sealing gel, by example, is based on the principle of using chemical additives
that mix with the waste. Once mixed, the waste will form a gel when no
physical energy is being added to the waste, such as agitation by pumping.
This gel will tend to seal leak paths to the outside of the tank. If this
approach proves viable, a significantlysimpler and more cost-effectiveSST
retrieval concept might use the sealing gel in conjunctionwith a mixer pump

__a o recover wastes from the SSTs. However, at this point, little is known
bout the behavior and properties of the gel in combination with the wastes or
bout the behavior of the mixture in the presence of a radiation field.

11
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Figure 5. Arm Based Concept.
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Considerableanalysis and testing will be required before it can be determined
that this is a viable technologyto be used for waste retrieval. The example
of sealing gel is typical of most of these advanced concepts; they appear
promising, but not enough is known about them to make a decision to adopt them
as part of a retrieval baseline.

THE PLANFOR RETRIEVAL

The system concepts discussed above have been grouped into three
categories of technology development, based on the level of understanding
associated with the technologies. This categorization is in concert with the
implementationof the retrieval strategy discussed earlier.

The best understood system concepts have been grouped into the reference
technologiescategory. Past-practicesluicing and arm-based systems are
placed in this category. Concepts that improve and/or build on these
referenceconcepts are designated as enhanced concepts. Finally, concepts
that representtotally different retrieval approaches that might even simplify
downstream processing systems are grouped into the classificationreferred to
as alternativeconcepts.

The retrieval plan is based on the development and implementationof the
two referenceretrieval approaches:past-practicesluicing and arm-based
retrieval. The reference systems will be deployed to recover the wastes from
the first hot demonstrationtank spelled out by Tri-Party Agreement
milestones. The lessons learned from this hot demonstrationwill be Factored
into the design of the enhanced systems,which will be deployed as needed to
recover wastes from other SSTs. In parallel with these activities, the
alternativetechnologieswill be selectivelydeveloped and evaluated to
determine if they hold sufficient promise to replace any of the reference or
enhanced system approaches. For an enhanced or alternativetechnology to
replace another approach, it must be able to demonstratethat it is
significantlymore cost effective, reduces environmentalor safety risk,
and/or provides schedule incentive.

CONCLUSIONS

In developing the waste retrieval strategy and plan, a comprehensive
processwas used to ensure that technologiesapplicableto retrieval were
identified and evaluated. Engineeringstudies ranging back to the 1960's were
examined,new studies were completed, and a series of national workshops was
conducted to capture the viable concept ideas. Within this body of
investigation,a common conclusion was found; past-practicesluicing was
recommended if environmentalprotection constraints are satisfied or if
solutions are found to address the constraints. Arm-based systems, in
conjunctionwith specializedend effectors and conveyance systems, were
identified as the best backup to sluicing in meeting the known requirements
associatedwith retrieval.

Though many outstandingissues remain to be resolved within and outside
of the retrieval program, a flexible strategy and plan have been established
to allow retrieval to proceed with the development of technically viable
systems. This is an evolutionaryapproach,which has the ability to change
when waste properties are better understood, key decisions are negotiated, and

13



WHC-SA-1697-FP

lessons learned are available from initial retrieval efforts. The continuing
search for and the developmentof improved methods of waste recovery offer the
vehicle for uncovering and successfullydeveloping system approaches that can
do the job faster, better, safer, and cheaper.
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TANK WASTE PRETREATMENT
ISSUES,ALTERNATIVESAND STRATEGIES FOR RESOLUTION

Bill Miller, John Appel, Blaine Barton, and Ron Orme
WestinghouseHanford Company

Langdon Holton
Pacific Northwest laboratory

ABSTRACT

The U.S. Department of Energy (DOE) has established the Tank Waste
RemediationSystem (TWRS) to safely manage and dispose of the Hanford Site
tank waste. The overall strategy for disposing of tank waste is evolving and
initial recommendationson a course of action are expected in March, 1993.
Pretreatmentof these wastes may be required for one or both of the following
reasons: (1) resolution of tank safety issues, and (2) preparation of low
level and high level waste fractionsfor disposal. Pretreatmentis faced with
several issues that must be addressedby the deployment strategies that are
being formulated. These issues are identified. There is also a discussion of
several pretreatmentdeployment strategiesand how these strategies address
the issues. Finally, the technology alternativesthat are being considered
for the pretreatmentfunction are brieflydiscussed.

INTRODUCTION

At the Hanford Site there are 28 double-shell tanks and 149 single-shell
tanks containing the radioactive byproducts from 48 years of spent fuel and
waste processing. A variety of processes have been used over the years,
resulting in several distinct categories of waste. The waste is in the form
of sludge, hard salt cake, and supernatant. Initially, sludges from the
various processes were segregated. Over the years, sludges have been
intermixed to a large extent; the salts and supernatants have been intermixed
to an even greater extent in an effort to conserve tank space and stabilize
tanks. Of the total 177 tanks, 57 have been classified as "watch list" tanks
because there are potential safety issues associated with the storage of the
waste. (See two other papers in this session - "A STRATEGYfor RESOLVING
WASTETANK SAFETYISSUES" and "RESOLVINGthe SAFETY ISSUE for RADIOACTIVE
ACTIVE WASTETANKSwith HIGH ORGANICCONTENT.")

The U.S. Department of Energy (DOE) has established the Tank Waste
Remediation System (TWRS) to safely manage and dispose of the Hanford Site
tank waste. An overview of the TWRSis depicted in Figure I. Pretreatment is
one of the major program elements of the TWRS(Other program elements of the
TWRSare discussed in other papers in this session). The purpose of the
Pretreatment program element is to (I) resolve tank safety issues by
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eliminatingthe cause of the issue through treatment or other appropriate
means, and (2) prepare acceptable feed for immobilizationby separating the
tank waste into high level and low level waste fractions. The high level
waste (HLW) will be converted to glass for disposal in a deep geological
repository,while the low level waste (LLW) will be converted to a form
suitable for near surface disposal on the Hanford site.

The strategy for implementingthe TWRS is still emerging. Reference
technical strategies are being identifiedfor each program element. In
addition,enhancementsand alternativesto these reference technical
strategies are also being identified. The overall strategy for implementing
TWRS will use combinationsof these technical strategies. Not all of the
technologiesthat make up the references,enhancements,or alternativeswithin
a given program element are fully developed. Consequently,the timing for
implementationof any particular technical strategy will depend on how rapidly
the technologiescan be brought to maturity.

This paper will focus on the Pretreatmentprogram element.
Specifically,it will address the issues facing pretreatment,a discussion of
the pretreatmentstrategic alternativesto address these issues, and a
discussion of technologiesbeing considered to implement these strategic
alternatives, lt is importantthat the pretreatmentstrategies selected be
compatiblewith strategies selected for the other program elements.

ISSUES

Any pretreatment strategy that is selected needs to address a number of
critical issues. The issues that will be discussed include:

I. The composition and chemistry of existing tank waste
2. The degree of pretreatment required
3. The timing for deployment of pretreatment
4. The cost of pretreatment
5. The maturity of candidate processes.

Waste Composition and Chemistry

The first critical issue deals with the limited knowledge of the
composition of existing tank waste. Although some information is known for
each of the 177 tanks based on historical records, confirmationof the tank
compositionsthrough core sampling and analysis will not be completed until at
least 1998 according to the current schedule Twelve tanks have been core
sampled and the analysis of many of these cores is still in progress. Most of
the quantitativeanalytical methods currently available are limited to
providing informationon elementalconstituents. These analyses provide
little informationabout the molecular species tilatare present. For example,

: there is not an acceptable nickel ferrocyanide analytical method available to
determine how much nickel ferrocyanide is in each tank. The behavior of waste
(the chemistry of waste solids in particular) during treatment must be
determined empirically.

3
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Degree of PretreatmentRequired

The second critical issue derives from uncertainty in the degree of
pretreatmentrequired. This uncertaintyis in four major areas"

I. The degree of pretreatmentrequired to resolve the tank safety
issues

2. The degree of pretreatmentrequired by the reference LLW form--
grout

3. The degree of pretreatmentrequired for alternative LLW forms

4. The cost of disposing of HLW in the national geologic repository.

These requirementsare still evolving;political considerationscan also drive
requirementswhere no technical basis for pretreatmentcan be identified.

Currently there is not a universallyaccepted criteria for judging if
the existing or pretreated waste is being stored safely. For the time being,
many tanks are conservativelyclassified as safety "watch list" tanks even
though an analyses to prove the existence of significant safety issues is not
available. The potential safety issues for almost all of the 57 "watch list"
tanks could be put to rest by the destructionof either organics or nickel
ferrocyanidecompounds in a pretreatmentprocess. Eight tanks containing
organic complexants (and their degradationproducts) and 24 tanks containing
nickel ferrocyanide are considered potentially unsafe from the standpoint of
chemical reactivity. Twenty five tanks also have the potential to accumulate W
an unsafe concentration of hydrogen gas. The definite number of tanks that
will require safety pretreatment and the acceptable residual concentration
level of organic and nickel ferrocyanide are not currently known.

The U.S. Nuclear Regulatory Commission (NRC) reviewed Hanford plans to
dispose of existing LLW (Class C waste or better) and ruled that waste
intended for disposal in grout is classified as incidental waste. Thus, the
disposal site is not subject to NRClicensing. Subsequent to this ruling,
various parties both inside and eutside of the DOE have questioned the
acceptability of disposing of significant inventories of radionuclides in
shallow land burial on the Hanford Site. The Washington Department of
Ecology, the State of Oregon and others have petitioned the NRCto reconsider
its ruling by requiring that all technically feasible means be used to extract
radionuclides from the waste before disposal. The NRC has not taken action to
supersede its initial ruling, thus leaving the question of acceptable
radionuclide concentration in grout unresolved at this point in time.

LLW forms other than grout are also being considered for use in
implementing the TWRSstrategy. Testing of these other forms with Hanford
tank waste has not yet occurred and therefore acceptable levels of waste
constituents (including radionuclides, hazardous chemicals, and other chemical
constituents) is not yet known.

One of the key drivers for separating the tank waste into high level and
low level fractions is the anticipated high cost of disposing of defense waste
in the national geological repository. However, development of the repository

4
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is taking substantiallylonger than originally planned. The latest projected
date for availabilityof the repository is 2010. The availabilityof the
repository and the cost for disposing of Hanford waste in the repository
remains highly uncertain.

Timing of Pretreatment

The third critical issue that the pretreatmentstrategy must address is
the need for relatively near term deployment of pretreatment. LLW
immobilizationand disposal in the Hanford grout vaults must proceed in the
very near future to free tank space for mitigation of tank safety issues,
other pretreatmentoperations,and mobilization/storageof the pretreated high
level waste sludges. If decisions are made to impose more stringent
radionuclidestandards on grout feeds (e.g.,NRC Class A concentration
limits), then near term pretreatmentwill be needed to reduce the level of
radionuclides in all existing LLW on a highly accelerated schedule. For some
of the nuclides that might require removal, process technology has yet to be
identified. The availabletechnology for cesium removal requires either
deployment of a fairly substantialfacility for resin regenerationor the
interim storage of a large volume of cesium loaded ion exchanger. Cesium ion
exchangers with much higher capacities are in development, but their
commercial availabilityis uncertain at this time.

In addition to the potential need for deployment of near term low level
waste and safety related pretreatment,there is also a potential need to

deploy more sophisticated pretreatment processes for high level and TRUwastesludges. In view of the delivery dates for those processes and the extended
time required to bring new facilities on line in today's regulated
environment, the time available to develop the more sophisticated separation
technologies is already relatively short. In most cases, more sophisticated
pretreatment processes are only now in the laboratory stage of development,
although some are ready for bench scale demonstration.

Cost of Pretreatment

The fourth critical issue that the pretreatment strategy must address is
the cost of pretreatment. The primary driver behind pretreatment when it was
conceived several years ago was to reduce the overall cost of disposal;
pretreatment had to pay for itself or it couldn't be justified. Over the last
few years, pretreatment drivers related to safety and other less quantifiable
objectives have been imposed. For example, the health and environmental
impacts from disposing of cesium in grout may be quite limited, yet removing
the cesium from grout feed could be driven by As Low As Reasonably Achievable
(ALARA) considerations. The costs and benefits of each pretreatment process
must be carefully weighed to assure that limited resources are allocated
wisely. Preliminary alternative studies for the TWRSsuggest that both the
capital and operating cost of pretreatment could be substantial. Thus it
becomes imperative to implement the pretreatment strategy in a cost effective
manner. This represents an enormous challenge considering the state of
knowledge of the requirements for pretreatment.
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ProcessMaturity

The fifth critical issue that the pretreatmentstrategy must take into
considerationis process maturity. The TWRS has conducted workshops to
identify technologieswith potential for applicationto pretreatment. For a
required function, there are usually several technologiesthat have the
potential to provide that function. Closer scrutiny often reveals that those
processes deployed full scale in other situationsmay not be compatible with
pretreatmentobjectives, or that the processeswill require substantial
developmentand modificationto adapt them to treat Hanford waste streams.
Frequently,the amount of informationavailable about process concepts that
have not seen full scale applicationwill be limited to a few references, and
the effort and time to bring them to maturity can be significant.

DESCRIPTIONOF PRETREATMENTSTRATEGIES

There are five pretreatmentstrategies currently being considered.
These strategies represent alternativesto meet the dual goals of timely
deployment of pretreatmenton the one hand, and achieving the highest possible
degree of separation (radioactiveconstituentsfrom inert constituents)on the
other hand. The strategies that will be discussed include:

I. Minimum pretreatment

2. Phased pretreatment--minimumpretreatmentto advanced separations Q

3. Phased pretreatment--minimumto maximum pretreatment

4. Maximum pretreatment

5. Pretreatmentto an intermediateform, hold the intermediateform,
pretreat further and then immobilize

6. Delay pretreatmentuntil technologiesare mature

Common to all these pretreatmentstrategies is the need to resolve tank safety
issues by destroying organics and nickel ferrocyanideas quickly as possible.
A project to provide facilities for resolution of safety issues is currently
in the engineering study phase. Several facility concepts for the Initial
PretreatmentModule (IPM) have been considered,and candidate technologies
are being evaluated. Expediteddevelopment programs are underway to bring the
candidate technologiesto a similar level of maturity before final process
selection. Conceptual Design of the IPM is scheduledto begin in May, 1993.

Minimum Pretreatment

In addition to organic and nickel ferrocyanidedestruction to resolve
tank safety issues, the minimum pretreatmentstrategy involves the decantation
of supernatant,sludge washing with water to remove soluble salts from the
sludges, and cesium removal from the supernatant/washwater using a
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regenerableorganic ion exchange resin. 'Thisis considered minimum
pretreatmentsince it requires minimal facilities to implement (tank farms for
decantationand sludge washing, and a facility for the ion exchange process),
and the degree of separation (radionuclidesfrom inert constituents) is the
least of the five strategies. Other than the organic and ferrocyanide
destructionprocesses, the processesused for minimum pretreatmentare
generally proven technology. Since the washed sludge consists primarily of
insolubleinert compounds, the amount of pretreated HLW resulting from minimum
pretreatmentis large relative to some of the other strategiesthat perform
further treatment of the washed sludges. The amount of HLW resulting from
this strategy is incompatiblewith the current sizing of the Hanford Waste
VitrificationProject (HWVP). In addition, the amount of radionuclidesleft
in the LLW is higher than that left in the LLW from some of the other
strategiesbecause only cesium is removed from the supernate and wash water.

Phased Pretreatment- Minimum Pretreatmentto Advanced Separations

This strategy entails starting with minimum pretreatmentand storage of
the washed sludges, while simultaneouslydeveloping the technology and
facilities to do advanced separationson washed sludges. The underlying
assumption of this strategy is that the facility requirementsfor sludge
washing and some alkaline fission product processes are low to moderate, and
the processesthemselves sufficientlydeveloped to be deployable in the near
term. The advanced separationsto be phased in consist of further aggressive
treatment of the washed sludges to separate transuranicsand strontium from
the inert constituents. The inert constituentsthus separatedcan be disposed
of with the low level waste rather than in glass. The cost ef advanced
separationsmust, of course, be more than offset by reductions in the cost of
waste immobilizationand disposal to be justified. The sooner the advanced
separationsare phased in, the more co,_teffective they will be. This
strategy has the advantage of providing early feed to the HWVP, although the
early feed will not have had the benefit of advanced separations.

Phased Pretreatment- Minimum to Maximum Pretreatment

This strategy entails startingwith minimum pretreatment,while
simultaneouslydeveloping the technology and facilities to (I) reduce the
inventoryof radionuclidesleft on site and (2) concentrate the radioactivity
into a smaller volume of HLW that would be compatible with the capacity of the
HWVP. In addition to separatingcesium from LLW, this strategy ensures that
strontium,technetium, iodine and uranium are also recovered. This strategy
also addressespotential hazardouswaste considerationsin those wastes
disposed of on site by converting nitrites, nitrates and organics to non-
hazardous forms, and the reductionof chromium(VI)to a less hazardous
valence. The cost of implementingsuch extensive pretreatment is expected to
be high, but could be offset by significantreductions in the overall cost of
disposal. The sooner that these processes are phased in, the more significant
will be the impact on the volume radionuclidesand hazardousmaterials
disposed of on site, and on the volume of HLW.

7
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Maximum Pretreatment

Otherwise known as the "Clean Option", maximum pretreatment is similar
to the previous strategy with the exceptions that pretreatmentwould not start
until an alkaline liquid process line had been deployed to remove all water-
soluble radionuclidesof importance from grout feeds. Pretreatmentof
supernatantsand salt cakes would proceed first. A sludge wash process would
then be deployed and all washed sludges would be stored until advanced
separationsprocesseswere available to treat the washed sludges. The
objective of the "Clean Option" is to (I) minimize the inventoryof
radionuclidesleft at Hanford in near surface disposal, and (2) minimize the
volume of the HLW (approximately1,000 canisters of glass has been targeted).

Pretreat to an IntermediateForm

The final strategy is to pretreat all of the waste to some intermediate
stable waste form to resolve safety and environmentalconcerns with continued
storage in Hanford tanks, hold it indefinitelyin that form, and then conduct
final pretreatmentprior to immobilization. This strategy basically postpones
decisions on disposal to address the concerns of certain stakeholders who
don't want to see any waste permanentlydisposed of at Hanford. The
intermediatewaste form would resolve the tank safety and hazardouswaste
issues that need to be resolved as soon as possible, while leaving open
numerous options for further pretreatmentand disposal.

Delay PretreatmentUntil Requirementsand Technology are Mature

In view of the current lack of definition with respect to pretreatment
requirementsand the development status of many technology alternatives,one
strategy is to delay pretreatmentwhile working toward a consensus on how much
and what kind of pretreatmentis required,with simultaneousdevelopment of
pretreatmenttechnology. Deployment would occur after a systematic decision
process had arrived at definitive objectives for pretreatment and preferred
technologieshad been totally demonstrated.

HOW THE STRATEGIES RESOLVE THE ISSUES

Each strategy must provide processes to resolve waste tank safety
concerns. The IPM project resolves those concerns and is integral to each of
the following strategies. The IPM project itself faces the same deployment
issues of composition and chemistry, degree of pretreatment required, timing
and cost that must be addressed in the balance of each strategy.

Minimum Pretreatment

Minimum pretreatment is not nearly as sensitive to the lack of complete
characterization and chemistry data as the more advanced processing
strategies. The chemistry of the constituents that dissolve in water is
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fairly predictable. The washed solids are not subjected to advanced processes
so their dissolutionchemistry is not significant. The timing of deployment
for minimum pretreatmentis favorable from the standpoint of sludge washing
because existing facilitiescan be modified to support relatively simple
processes, and the technology is generally available. Recovery of Cs from
alkaline solutions, on the other hand, will require a new, albeit modest
facility. Some sort of temporary arrangementmight suffice until the IPM
facility starts up, since the IPM will provide permanent ion exchange
capability. Cs technology is also available; it is primarily a matter of
selectingthe most appropriatetechnology and then optimizing the process for
a specific set of conditions. The startup costs are also favorable because
existing facilities can be modified in preference to building new facilities.

Minimum pretreatment,however, cannot be responsive to changing
pretreatmentrequirementsbecause of its limitedobjectives.

Phased Pretreatment- Minimum Pretreatmentto Advanced Separations

Starting with minimum pretreatmentand phasing in advanced sludge
treatment processes allows additional time for developing characterizationand
chemistrydata on the sludges while proceedingwith the pretreatmentof
supernatants,wash waters and salt solutions, lt may not be responsive to the
impositionof additionalpretreatmentrequirements,however, since this
strategy is focused more on reducing glass feed volume than on producing very
clean grout feed. A phased in approach can be deployed in such as way as to
have minimal impact on the operation of the grout plant and HWVP.

Phased Pretreatment- Minimum to Maximum Pretreatment

The phased in approach deals with the current status of tank waste
composition and chemistry by assuming that both will improve with time as core
sample characterization progresses. The general approach is to deploy
pretreatment capability as it develops to minimize the radioactivity and
hazardous components disposed of on the Hanford Site through treatment of the
hazardous components and a battery of radionuclide separation processes, while
simultaneously minimizing the volume of high-level waste. This strategy
partially addresses the perception that too much radioactivity and hazardous
material is being disposed of on site, and in the absence of firm pretreatment
requirements anticipates what those requirements will be. Unlike the Clean
Option, this strategy does not defer the vitrification of washed solids until
appropriate advanced separations processes are deployed. How quickly the
solids processing can be brought online will ultimately determine the extent
to which high level waste can be minimized. The phased in approach is
facilitated by the compact processing concept, which also reduces the risk of
committing large amounts of capital funding to a major processing facility.

Maximum Pretreatment

The maximum pretreatment approach deals with the major pretreatment
issues by postponing any pretreatment action until composition and chemistry
are fully understood, requirements have been fully defined, and technology has

9
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been developed to maturity. The Clean OptiGn incorporatesthe concept of
"decoupling"or deferring the treatment of solids while proceeding with the
treatment of supernates and salt cake. Whether the high cost of such an
elaborateprocessing scheme can be justified will depend to a great extent on
the debate over how much radioactivitycan be disposed of at Hanford.

Pretreat to an IntermediateForm

Pretreatingwaste to an intermediate,stabilizedform and holding it is
likely to require less detailed composition and chemistry information in the
near term than some of the preceding strategies because the treatment
objectives are more limited. This strategy only deals with the resolution of
safety and hazardouswaste issues and postpones decisions on separating waste
to a future time when the objectives of pretreatmenthave been firmly defined.
Consequently,additional time for determining final pretreatment requirements
is made available. Because this strategy defers the pretreatmentof
stabilizedwaste, it is likely to require a considerableinvestment in
facilities to hold the waste that is retrieved from single-shelltanks,
pretreated and held. This strategy will defer conversion of high level waste
to glass while decisions are made on furthering processing of the stabilized
waste.

Delay PretreatmentUntil Requirementsand Technology'are Mature

Delaying processing until all of the tank sludges have been thoroughly
characterized and the pretreatment processes are fully developed resolves the
issues arising from currently limited knowledge of tank sludge composition and
chemistry. Delaying would also resolve the uncertainties with respect to how
much pretreatment is required, provided the time is used to identify firm
pretreatment requirements. Delaying until pretreatment is fully defined would
be cost effective since processing facilities would not be equipped with
processes that turn out to be unnecessary, and the cost of adding newly
identified requirements to projects in progress would be avoided.

Unfortunately,delaying pretreatmentdoes not contribute to the timely
resolution of tank safety issues,nor to expediting disposal of tank waste.

ALTERNATE TECHNOLOGIES

For tanks having safety issues, minimum pretreatmentwill include the
resolution of those issues. The Initial PretreatmentModule (IPM) project is
currently in the engineering study phase. The purpose of IPM is to remediate
waste safety concerns (potential for reaction between oxidants and organics,
nickel ferrocyanidesor hydrogen generated in the tanks) and satisfy grout
feed acceptance criteria with respect to organic content and fission products.
An initial large list of organic destruction technologieshas been pared down
to a few. Ozonation, wet oxidation, calcining (moltensalt), hydrothermal
(high temperature-highpressure), steam reforming and electrochemical
processes are being carried by the IPM project as alternatives. For

10
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application to tank waste, these processes are in the early stages of
development.

Minimum Pretreatment

For non-safety issue waste, minimum pretreatmentconsists of sludge
washing and cesium removal. A functionaldiagram for minimum pretreatment is
shown in Figure 2. Preparationof flowsheetsand mass balances for in-tank
sludge washing is in progress. A batch washing approach and an alternative
continuous clarifier approach are being considered. Laboratory scale sludge
washing studies are in progress to characterizewaste componentwashing
efficienciesand product stream properties. Such studies are limited by the
availabilityof actual core sample material.

The primary candidate for removalof dissolved cesium from the
supernates and wash waters is ion exchange. Screening tests of candidate ion
exchangers identified three media for further testing. CS-lO0 (a phenol-
formaldehyderesin) and IE-g6 (a zeolite) are commerciallyavailable from Rohm
and Haas and UOP, respectively. A second resin (a resorcinol-formaldehyde
polymer) developed at the Savannah River Technology Center (SRTC) is currently
available in small quantities from Boulder Scientific. Extensive batch
equilibriumtesting with simulatedHanford waste solutions have been completed
to determine the effect of temperature,Na concentration,equilibrium Na/Cs
ratio, and initialNa/K ratio on the capacity of these exchangers.
Developmentof engineeringfor loading, elution and regenerationlisin the
early stages, and will include continued laboratory studies. The need for
pilot testing of ion exchange is being evaluated.

Two alternatetechnologiesfor separating cesium-freewaste fractions
from waste solutions entail producing cesium free waste fractions by carefully
controlled phase changes. A study is under way to determine if aluminum can
be selectivelyprecipitatedfrom waste solutions by a carefully controlled pH
adjustment,thereby producing an early feed for grout. Freeze crystallization
may also be capable of separating a cesium,free salt solution for disposal in
grout because of cesium's extremely high solubility. Alternate approaches to
providing low cesium grout feed include selective in-tank precipitation and
washing of bulk non-radioactivewaste coL._ponent.Carefully controlled
aluminum precipitationby pH adjustmentmay produce a "better behaved"
aluminum solid that is more amenable to settling and clarification. The
cesium-bearingaluminum-depletedliquids could be concentratedto conserve
tank space, and the separated aluminum solids could be redissolvedto provide
a low-cesium grout feed.

For several waste tanks containing liquid wastes with no sludges,
minimum pretreatment may be limited to cesium removal in an effort to keep the
Grout Treatment Facility (GTF) supplied with feed that has minimum
environmental and public health impacts. Typical grout feed solutions contain

IIE-96 (zeolite) is not being considered for regeneration because of its
low physical stability in high pH solutions.
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Figure 2
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1_?Csranging from 4 to 600 Ci/m3. By com_&rison,waste classified by the NRC
as Class A, B, and C may contain no more '_'Csthan I, 44, and 4,600 Ci/m3,
respectively.

At this point in time, single-pass ion exchange with an inorganic
exchangeror regenerativeion exchange with an organic exchanger are
considered to be the most advanced technologiesthat can be implementedwithin
the constraints of short-termdeployment. Even then, the low capacity and
instabilityof commerciallyavailable inorganicexchangers is unattractive.
Since early in 1992, Sandia National Laboratoryhas made and continues to
improve crystallinetitanate exchangers with very high capacity for Cs even in
highly alkaline simulatedwaste solutions. Productionof crystalline titanate
materials in a form suitable for single-passion exchange and in useable
quantities is a high priority activity for 1993.

In tank "getters" (tetraphenylboron and nickel ferrocyanides)that have
been used in the past are not acceptable in today's regulatory and safety
conscious environment. Powdered crystallinetitanateswith relatively high
cesium capacity have been produced in the laboratory,and may find acceptance
with further improvementsin capacity and availability.

Other studies related to minimum pretreatmentthat are in progress
includecorrosion during sludge washing, demonstrationof an on-line TRU
monitor, testing of solid-liquidinterfacemonitors and corrosion probes,
testing of suspended solids and temperatureprofile monitors, the effect of
radioactiveheating and mixing pump action on in-tank processing, and computer
simulationsof in-tank settling.

Advanced Separations

Laboratory scale studieswith washed solids are in progress to determine
the applicabilityof processes such as selectiveleaching of TRU and fission
products, leaching chromium and aluminum, and selectiveprecipitation.

More aggressive pretreatmenttechnologiesthan those discussed above are
being evaluated for deployment at a later date. Lab-scale studies with actual
waste are proceeding to determine the susceptibilityof single-shelltank
sludges to dissolution by various chemical agents. Lab-scale studies are
being conducted to evaluate solvent extraction for TRU removal as well as
alternate processes such as ion exchange, precipitation,and extraction
chromatography. Processes for Cs and Sr removal have been identified by
national technologyworking groups and are currently being evaluated and
tested.

Laboratory studies are also u_,derwayon a process that consolidatesTRU,
Cs and Sr removal into a single solvent extraction process. The main focus of
current work is to find combinationsof extractantsthat do not adversely
affect the selectivity and capacity of the others and to identify effective
scrubbing and stripping agents.

Various equipment related studies are also in progress including
corrosion studies to identify appropriatematerials of construction for long-

13
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term deployment, filter materials and performance,and solids behavior in
centrifugalcontactors.

AdditionalTechnologies for Maximum Pretreatment

Ha_ford personnel are currentlyreviewing the literature for potential
processesthat could be further developed for the Clean Option. A functional
diagram for the Clean Option is depicted in Figure 3. The list of operations
tentatively include the following alkaline liquid processes:

.Cs cation exchange
Sr chelating ion exchange
Tc anion exchange
Molten salt processing to destroy organics, nitrates and nitrites
Cr(VI) reduction
NaOH recycle

Sludge processing will includeregular sludge washing and caustic leaching to
remove aluminum. Acidic processing of the washed sludge will include the
following:

Acid dissolution of washed sludges
U extractionwith tri-butyl phosphate
TRU/rare earth recovery by solvent extraction
TRU/rare earth separation by ion exchange
Sr/Ba recovery by solvent extraction
Sr/Ba separation by ion exchange
Cs recovery from acidic solutions
Nitric acid recycle
Water recycle

CONCLUDING REMARKS

A submittalof the new TWRS proposed baseline is scheduled for
March 31, 1991. At that time recommendationspertaining to remediation of the
Hanford tank wastes will be made to DOE. A recommendedpretreatment strategy
will be an integral part of this rebaseliningeffort.

14
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LOW-LEVELWASTEDISPOSAL- GROUTISSUE ANDALTERNATIVE
WASTEFORMTECHNOLOGY

J. L. Epstein
Westinghouse Hanford Company

J. H. Westsik, Jr.
Pacific Northwest Laboratory

ABSTRACT

Based on the Record of Decision (I) for the Hanford Defense Waste
EnvironmentalImpact Statement (HDW-EIS) (2), the U.S. Department of Energy
(DOE) is planning to dispose of the low-level fraction of double-shelltank
(DST) waste by solidifyingthe liquid waste as a cement-basedgrout placed in
near-surface,reinforced, lined concrete vaults at the Hanford Site.

In 1989, the Hanford Grout Disposal Program (HGDP) completed a full-scale
demonstrationcampaign by successfullygrouting 3,800 cubic meters (I million
gallons) of low r_Ldioactivity,nonhazardous,phosphate/sulfatewaste (PSW),
mainly decontaminationsolution from N Reactor.

The HGDP is _ow preparing for restart of the facility to grout a higher
level activity,mlxed waste double-shellslurry feed (DSSF). This greater
radionuclideand h_zardouswaste content has resulted in a number of issues
confrontingthe disoosal system and the program.

This paper will pr'esenta brief summary of the Grout Treatment Facility's
components and features and will provide a status of the HGDP, concentrating
on the major issues and challenges resultingfrom the higher radionuclideand
hazardous content of the waste. The followingmajor issues will be discussed:

• Formulation (cementitiousmix) development

• The PerformanceAssessment (PA) (3) to show compliance of the
disposal system to long-termenvironmentalprotection objectives

• The impacts of grouting on waste volume projections and tank space
needs.

While some issues, especially the PA, have delayed the next grout
campaign from the original schedule, importantschedule drivers, includingthe
benefit grout provides for tank space requirements,emphasize the need to move
ahead. The current Hanford Waste Tank Volume Projections and the impact of a
delay in the Grout Program schedule on tank space needs will be examined.

Plans to increase the waste form robustnessfor future low-level waste
disposal will also be addressed. The activities summarized in this paper form
part of the Tank Waste RemediationSystem (TWRS) decision bases.
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DISCUSSION

Grout Systems Backqround

Disposa] of Hanford Site low-]eve1 tank waste using grout is accomplished
in the Grout Treatment Faci]ity by mixing a b]end of cementitious products
(typical]y Port]and cement, fly ash, attapu]gite clay, and blast furnace s]ag)
with liquid DST waste. The resulting grout s]urry is pumpedto ]arge
underground concrete vau]ts to cure. The DST wastes are disposed of in batch
sizes (campaigns) of about 3,800 cubic meters (] mil]ion ga]]ons). The total
grout volume when dry solids are mixed with 3,800 cubic meters of ]iquid waste
is about 5,300 cubic meters (1.4 mi]lion ga]]ons). Each vault is designed to
contain the 5,300-cubic meter vo]ume required to comp]ete a campaign.

Four main subsystems comprise the Grout Treatment Faci'ity" the Dry
Materia] Faci]ity, the Grout Processing Faci]ity, the Grout Disposal Faci]ity,
and the Feed Transfer System, which is composedof two designated (grout
liquid waste) feed tanks in tank farms and the underground encased transfer
line to the Grout Processing Faci]ity (refer to Figure 1).

The Dry Material Faci]ity, which is centrally ]ocated in the 200 East
Area of the Hanford Site, receives dry cementitious materia]s by truck or rail
car for storage and subsequent blending. The b]end proportions are
established as a specific grout formu]ation for a specific waste feed. After
testing for proper proportions, the dry materia] b]end is trucked to the Grout
Processing Facility and loaded into a storage day bin.

The Grout Processing Facility, which is the heart of the Grout Treatment
Facility, includes the control room for the remote processing operation and
the belowgrade, iso]ated, covered mixer module. Waste feed from one of the
two feed tanks is transferred to the mixer modu]e via an underground encased
]ine. In the mixer modu]e, the waste is mixed with dry materia] blend to form
a grout slurry. The s]urry is pumpedthrough underground encased lines to the
Grout Disposal Facility vault(s), where the s]urry cures to form a solidified
grout mass.

The Grout Disposal Facility is composedof large underground near-
surface, reinforced, lined concrete vau]ts with an approximate volume of
6,000 cubic meters (refer to Figure 2). The _nside dimensions of the concrete
vault are approximate]y 37.6 meters (123 feet) long, 15.4 meters (50 feet)
wide, and 10.4 meters (34 feet) high. The Grout Disposa] Facility includes
associated grout slurry transfer ]ines; excess water return ]ines; a]ined
leachate collection basin; a ]eachate collection sump; a portable instrument
house for sensing grout temperature, grout ]eve], and sound transmission
properties; and a vault exhauster for maintaining negative vault pressure and
for cooling grout during vault fill and cure operations. An approximate
1-meter (40-inch)-minimum thick asphalt barrier surrounds and seals each vault
and ]imits ionic diffusion out of the vau]t and vapor diffusion returning to
the vau]t.
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Figure I. Grout Treatment Facility.
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Figure 2. Grout Vault Cutaway.
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Issues Backoround

The HDW-EISdecision to directly grout the double-shell slurry (DSS) and
DSSFhas resulted in a numberof issues confronting the Grout Program.
DSS/DSSF is non-high level waste (HLW), but, nonetheless, a waste with a
fairly high level of radionuclide inventory (equivalent to 10 Code of Federal
Regulations [CFR] 61 Class C or less concentrations) (4). See Figure 3
comparing the waste for the first DSSFgrout campaign to 10 CFR 61 limits.

The Nuclear Regulatory Commission (NRC), in reviewing the HDW-EIS in
1988, considered that the DSS/DSSFplanned for grouting without further
pretreatment may meet the definition of HLWand be subject to NRClicensing.
After a series of meetings between the NRCand DOE in 1988 and 1989, the NRC
determined the DST waste was non-HLW, or incidental waste. A subsequent
petition to the NRCby the States of Washington and Oregon questioned this
decision. This petition has not yet been responded to by the NRC. This
unanswered and unresolved petition to the NRCand the associated high-activity
level of radionuclides in the DSS/DSSFconstitute major stumbling blocks for
proceeding with grout. A petition to the NRCby the Yakima Indian Nation on
the definition of disposed wastes at the Hanford Site raises similar concerns.

Nearly 99 percent of the activity in DSS/DSSF is due to lZTCs, a
relativity short half-lifeand relatively immobile isotope. The Grout
Treatment Facility Safety Analysis Report (in the approval stage) documents
satisfactoryoccupationaldoses, emissions, and accident analysis doses for
grout operations (refer to Figures 4 and 5). '-TheGrout PA documents
satis_,_ctory500-year intruderdoses with effectivelyno environmental impact
from '°'Cs. After 500 years, little i_Cs concentrationhas migrated from the
grout waste form into the concrete vault (refer to Figure 6). The
environmentalrisk_fromgrq_ting is due to more mobile radionuclides_'th long
half-lives (e.g., "Tc and '"I); however, in perspective,the risks are not
large risks to future populations. The PA evaluates the disposal system
against performance objectives (25 mR/yr effective dose equivalent [EDE]) -
all pathways and 4 mR/yr EDE - drinking water) (5). Any radionuclidereaching
the river (and potentiallyreaching large populations)is not an issue because
nuclide concentrationsare orders of magnitude below limits. Dose limits are
reached in only those scenarios in which a well is drilled on the Hanford Site
which conservativelycaptures the migrated nuclides in groundwater. These
cases involve few individuals (approximately25 in any generation). The
engineered disposal system contains the wastes such that no activity reaches
the groundwater for thousandsof years and peak groundwater concentrationsare
not reached for thousands of years thereafter. Moreover, by providing tank
space, grout offsets increasedrisk to the environmentfrom incrementaltank
leakage (radionuclidesare more mobile in the soil column than in an
engineereddisposal system) and potential tank safety issues (risk associated
with unmitigatedtank safety issues versus risks associated with grouting).

However, a number of major issues stem from the radionuclidelevel in the
waste, includingthe impact on grout formulation. The concern is whether the
grout will fail to set up due to synergistic (e.g., radioactivity,organic)
effects and whether retrievalof a large solidifiedmass of the slurry would
be required. Another major issue associatedwith the Grout PA, which examines
long-term performanceobjectives of the grout disposal system, is associated
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Figure 3. Comparison of RadionuclideConcentration
Tank 24]-AN-I06 to I0 CFR §61.55.

Concentration Waste Class Limits (Tables I and 2) Overall
Nuclide Waste

(Ci/m z grout)" A B : Class

H-3 ]. 9 E-03 40 ....
i i

6-14 2.3 E-04 0.8 -- 8

Co-60 3.6 E-O;) 700 ....

CSr-90 l. 4 E+O0 0.04 150 7000

Tc-g9 4.8 E-02 0.3 -- 3

1-129 < 5.2 E-05 0.008 -- 0.08

Cs- 137 129.4 1 44 4600
a i •

T)(U 2.3 10 -- 100
(nCi/g)

"Groutedconcentratlonsare I/I,43 times waste concentration. TRU value
not corrected for grouting. Concentrationsare mean concentrationsdecayed
to October 31, IVg).
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Figure 4. Grout 0perations 0ccupational Doses.

Doses During Normal Grouting Operations

!
I 0.1 mRenVHr
I

Feed Tank I O mRem/Hr O mRem/Hr
(Tank Farms) I

I

I
I Grout
I P_ocesslng
I Facility
I
I Disposal
I Vaults
|

29201034,4

Grout Facility - Annual Direct Exposures
Operations & Construction
Health Physics Contractor

I 3.0 Man-Rem Maintenance
Feed Tank I 5.4 Man-Rem (Hot Tie-Ins)7.0 Man-Rem
(Tank Farms) II

I

I
I Grout
I Processing
I Facility
I
I Disposal

Vaults
I Total Annual Dose = 15.4 Man-Rem
• 29201034.5



WHC-SA-1708-FP

Figure 5. Grout Safety Analysis Accident and Emission Consequences.

Final Safety Analysis Report

Effective Dose Equivalent Consequences for a Release from a Gasket Failure
tna Jumper Pit (maximumconsequence accident identified).

f

Location Inhalation Annual WHCLimit (Rem)

(Rem) Probability Pr°balbOi]4tty"to Ran.ge10TM of
, iii

Onsite

(lOOm) 3.4 10"4- 10"6 10- 25
iii ,, I .,.i ,, , , ,,,, , . _

Offsite

(15.gkm) 7.8 x 10"_ 10"4- 10.6 4- 25
-- , , ,= ,, ,

Offsite Fifty Year Dose ConsequencesFrom One Year
GTF Operation From Emissions.

Offsite Receptor Effective WHC DOE LimitsI (Rem/yr)
Dose Guidelines

Equivalent (Rem/Yr)
(Rem)

=m_, i i .,., , ....

Maximally exposed 4.7 x 10.7 .0] .01
offsite individual

Integratedpopulation 1.I x 10"I N/A N/A
(16 sectors) (person-rem)

IMost restrictive limits
(EPA 40 CFR 61, SubpartH = 25 mRem/yr)
(DOE 5400.5 = 10 mRem/yr)



IdHC-SA-1708-FP

Ftgure 6. Cestumtn Grout/Concrete.
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with the long-lived mobile species, _Tc and I_I, and the projection of their
peak dose out in the 7-100 thousand year time frame, depending on the rate and
extent of degradationof the engineered system. Taking essentiallyno credit
for the engineered system results in peak doses in 7,000 years. More
realistic projectionsresult in peak doses beyond 10,000 years. Activities
addressing these major issues to safely and acceptably use grout for moving
ahead with waste disposal include the intensiveefforts going on to produce
and test a successfulgrout formulationand the significant rewrite and
documentationeffort on the Grout Facilities PA.

Major drivers that favor proceeding with grout as presently planned
include the considerablebenefit of visibly proceeding with a major disposal
action, progressingon the required "Hanford Federal Facility Agreement and
Consent Order" (Tri-PartyAgreement) (6) disposal objectives, and freeing much
needed tank space.

The HDW-EIS, as well as the agreementwith the NRC, detailed the
considerableimpact on schedule, cost, and additional waste produced to delay
grouting to pretreat the DSS/DSSF waste. A number of years (5 _o 7 estimated)
is required to implement a pretreatmentprocess to remove the '_'Csfrom
DSS/DSSF waste. During this period, mitigation of tank leakage and tank
safety issues would be impacted due to tank space shortage. Grout is
projected to relieve tank space shortage and is more environmentallysound
than continued storage of liquid tank waste with the potential tank leakage to
the soil column. Also, it should be recognized that while this pretreatment
would reduce the initial radionuclidelevel in grout, this reductionwould not

solve the longer term PA d_issue which results from the more mobile, longhalf-life isotopes (e.g., and 1291).

The strategy of TWRS is to proceed with grouting the first few DSSF tanks
while simultaneouslyexpediting the earliest introductionof pretreatmentof
DSSF intended for grout and acceleratingthe development of a more robust
waste form with greater leach resistance. This strategy addresses the various
issues, including the NRC petition and the concern associated with the level
of radionuclides,while at the same time recognizing the need for tank space
and that the impact of doing nothing is of greater potential impact than the
impact of grouting.

DETAILEDDISCUSSIONOF MA,)ORACTIVITIES

The following items will be presented in greater detail:

• Grout formulationeffort
• Grout PA revision
• Waste tank volume projection
• Accelerated alternatewaste form development.

10
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GROUTFOIUqULATION

The HGDPhas performed extensive formulation work to ensure that an
acceptable grout wtll be produced as well as to prevent difficulties
encountered by other grouttng programs. The HGDPemploys several Hanford Site
and national laboratories tn this effort. Laboratory-to-laboratory
comparisons are made to confirm grout quality and to identify issues.

Grout formulation development and verification begin at the point where
the wastes in the tank to be grouted are sufficiently characterized to develop
a simulated waste for laboratory testing. A formulation of dry materials is
then tailored for that waste such that the resulting grout product will meet
defined performance criteria. The grout formulation is then verified in
laboratory and pilot-scale tests as needed. A ftnal confirmation of the
formulation is made with actual wastes before production is authorized.
During production, nondestructive techniques will be used to verify the grout
quality. The details of this formulation development and verification are
described below.

LaboratoryStudle$

Laboratory studies begin by the sampling and characterizing of candidate
waste feed tanks. The candidate tank is sampled according to a statistically
designed test plan. Stmulants are prepared based on analytical results. The
simulant contains virtually all of the inorganic and organic constituents of
the waste, but no radionuclides. For example, the simulant used during
laboratory and pilot-plant testing of the grout formulation for the next grout
campaign was made up of all inorganic ions present above detection limits
except regulated heavy metals. The heavy metals were excluded to avoid
generating regulated waste. The organics included in the simulant comprise
over 99.7 percent of the organics 'in the waste.

A statisticallydesigned matrix of formulationsis tested using potential
dry materials, includingcement, flyash, slag, and clays. The most promising
formulationcandidates are then subjected to an extensive battery of tests,
includingproduct properties (leachability,compressivestrength, thermal
conductivity,toxicity,hazard class, and free-standingliquid),
processibility(frictionalpressure drop, 10-minutegel strength, critical
flow rate), and other parameters (heat of hydration/temperaturerise).

The outcome of this testing is the selectionof an acceptable "reference"
formulation. This referenceformulationthen undergoes further laboratory
testing to verify that the formulationcan accommodatewaste and dry material
variability.

Leach testing of simulatedwaste grouts spiked with specific organic or
radioactivespecies may be conducted to determine the leaching behavior of
potential "problem"constituents. Laboratory samples are tested that include
the regulated heavy metals, to ensure there is no adverse effect.

li
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Pilol_Plant Testina

Pilot plant testing is conducted on new formulations. Three major pilot
plant tests have been conducted to date. In the latest, more than
11,000 liters of simulated waste were processed through the approximately
1/4 scale equipment (see Bagaasen and Powell (7) in this proceedings). Dry ,
materials are blended in the Dry Materials Facility (the same facility used
during full-scale campaign runs). Simulated waste is used. The pilot-scale
testing provides process data on the grout slurry and the opportunity to
monitor the behavior of a larger scale grout pour. The rate and extent of
heat generation and dissipation in the receiver vessel are monitored and
property data are obtained for the cured grout.

RadioactiveVerificationT@_tlna

Actual samples of waste from candidate tanks are mixed with a reference
dry blend in the hot cell. Compressive strength, leach, toxic characteristic
leach procedure (TCLP), drainable liquid, and theological tests are conducted
to ensure that the grout will solidify and meet criteria.

Waste samples are taken from the grout feed tank for characterization
prior to grouting. Composites of these samples are mixed with the reference
dry material formulation. Compressivestrength, leach, drainable liquid, and
rheologicaltests are conducted to ensure that the grout will solidify and
meet performancecriteria. The compressive strength,leach, and TCLP data are
required to be submitted to Washington State Department of Ecology prior to
operation.

A hot "pilot" test using a container placed in a vault may be included in
the HGDP to address any remaininguncertaintywith planned grouting of the
higher curie mixed waste.

lt is considered that the HGDP's testing is adequate to ensure acceptable
grout. A cold pilot-scalerun is adequate for determiningpotential
processing problems because the radionuclidesare very minor constituentsof
the waste (on a concentrationbasis). Expected organic species are included
in the laboratory and pilot-scaletesting to ensure that their impacts are
included in the evaluation and selection process. The hot waste samples
grouted in the lab hot cells verify that the hot waste can be successfully
solidified.

Full-Scale Processing

After the above steps are satisfactorilycompleted, the waste is
acceptable for grouting.

This process was used when the facility was started up in 1988 for the
successfulgrouting of 3,800 cubic meters (I million gallons) of PSW. Several
tests have been conducted to ensure that results are consistent with prior
laboratory and pilot-scalework.

In production,two nondestructivedata collection methods can be used to
ensure that the grout is solidified"temperaturemonitoring and ultrasonic
testing. Four thermocoupletrees are located inside the vault.

]2
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The thermocouples are positioned at 0.6-meter (E-foot) verttcal Intervals.
The grout slurry begins hydration Immediately upon mtxlng, and a temperature
rise wtll be noticeable within hours. Temperatures can be monitored to
provide assurance that hydration is proceeding. Ultrasonic pulse velocity
testing to detect solidification has proven successful in laboratory, pilot
plant, and full-scale tests. These monitoring techniques can provide
assurance that hydration reactions are proceeding and solidification has been
achieved.

Final verification of the actual grout product can be achieved through
core drilling and nondestructive testing of the grout within the vaults. Core
drill samples of the PSWgrout produced in 1988-1989 were taken in 1992 and
are being characterized. The PSWgrout is meeting the performance criteria
established for those wastes, lt is also planned to core drill the next vault
to be filled as a final verificationof that grout product.

PERFORMANCEASSESSMENT

DOE Order 5820.2A, "RadioactiveWaste Management," (5) requires the DOE
field sites to prepare and maintain a site-specificradiologicalPA for any
low-level waste (LLW) disposal facility on DOE field sites. The PA must
provide reasonable assurance that the facility design and method of disposal
will comply with performance objectivesof the Order and the long-term
radiologicalimpacts on the environmentand public due to the disposal action
have been assessed. The Order also requires compliance with Federal, State,
and local groundwaterprotection requirements,but does not speak to time of
compliance for either radiologicalor hazardouswaste.

A PA prepared for the HGDP w_s submittedto the DOE-HeadquartersPeer
Review Panel (PRP) for review and approval. The results of that PA indicated
that the grout disposal system, functioningas designed,will achieve the
defined performancegoals for 10,000 years. The PRP returned the PA for
revision, requesting dose analyses to time of maximum impact (>100,000years),
additional analyses of degradationof the engineered system, sensitivity
analyses of exposure scenarios, analysis of groundwater protection, and an
integrationand interpretationof results. Revisions to the PA based on these
comments are nearing completion.

Flow and transport modeling shows that..themax_um long-term dose
contributionscan be attribute_ largely to "_I and "Tc. These radionuclides
have long half-lives (1.6 x 10" and 2.13 x 10" years respectively)and are
among the most mobile in the grout and in the unsaturated soil column beneath
the _rout vaults. Other long half-liferadionuclides (e.g., _TNp, 126Sn,i_Cs

and "Se) are absorbed on the Hanford soill)9andtherefore reach the
groundwater thousands of years after the I and _Tc and have maximum dose
contributionsless than the more mobile radionuclides.

Nearly 99 percent of the radioactivityin DSS/DSSF for disposal in grout
is from '°'Cs.This radionuclidehas a relatively short half-life (30 years),

is better contained _Tthe grout, and is highly sorbed on Hanford soils
relative to 1291and --,. After less than 500 years, the 137Cshas decayed to
inconsequentiallevels. In the interim, little of this radionuclidehas

13
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migrated into the concrete vault surrounding the grout (refer to Figure 6).
Should the eog,ineered system be breached for somereason during that 500-year
period, the '='Cs would be sorbed on the Hanford soils and would not reach the
groundwater beneath the d)v%oosal site. Therefore, the environmental risk
resulting from including '='Cs in grout is very small. Furthermore, the grout
disposal system includes barriers and markers to deter inadvertent intruders,
and the Hanford Site will be under institutional control for at least
100 years.

Savannah River uses large vaults and grout (saltstone) to dispose of
their decontaminated salt waste, similar to the Hanford Site. Saltstone is a
lower total activity waste comparable to 10 CFR 61 Class A concentration.
Concerning long-lived isotopes, Hanford Site grout End Sav_onah River
saltstone will contain very similar quantities of '"I and "Tc, yet the
Hanford Site has a much more elaborate disposal system than Savannah River.
Because performance criteria are based on concentration-derived parameters
(groundwater concentration, dose) and because the water advecting past an arid
disposal site is much less than that advecting past a high-recharge site, the
HGDPmust rely on a more robust engineered system to achieve the same
groundwater concentrations as a high-recharge disposal site such as Savannah
River. This presents a challenge to the program to demonstrate the long-term
performance of the engineered system. The regulatory community needs to
recognize this difficulty and establish time-of-compliance requirements for
LLWdisposal and/or establish more reasonable long-term performance
objectives. These long-term performance objectives might include a population
dose basis, fractional release per year, higher dose limits, and/or a cutoff
time for analysis.

WASTEVOLUMEPROJECTIONS

In disposing of DST waste, grout processing frees up tank space. An
available reserve of tank space is needed to address leaking tanks; mitigate
tank safety issues; receive waste from facility operations; and provide
required space for retrieval, pretreatment,and Hanford Waste Vitrification
Plant (HWVP) operations. Tank space is critically short at the Hanford Site;
therefore, grout processing is extremely importantto providingmuch needed
tank space. To maximize tank space availability,careful tracking and
controls on tank space are maintained.

The purpose of the Waste Volume Projectionsat the Hanford Site is to
maintain an up-to-date picture of all current and future tank usage and the
resultingchanges in waste volume and tank space. Waste Volume Projections
monitor and project tank transfers, evaporations,and tank retrieval
requirementsto predict available tank space and impacts on tank farm
operations and to assist site integrationactivities.

Waste from facilities is initiallyreceived into DSTs in dilute
concentrations. When operating, an evaporatorconcentrates the waste by
several factors, thereby reducing storage space and freeing up tank space.
However, the Hanford Site tank farms 242 Evaporator has been shut down for
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several years and is just currently preparing for start-up. Until the
evaporator is operational, considerable tank space is occupied with dilute
waste, and available space is minimal.

At the same time, some DST space Is reserved as spare space for emergency
leaks and safety mitigation actions; some space is set aside for maintaining
different types of waste segregated (e.g., complexed from non-complexed); and
some space is reserved for ongoing processing and restoration activities,
including single-shell tank (SST) stabilization and evaporator start-up. It
is vital for tank waste managementto maintain these reserve requirements.

Waste Volume Projections periodically update assumptions from all the
facilities and programs involved with using or occupying and relieving tank
space. The assumptions include all the pertinent parameters of the facilities
and programs which have an impact on tank space, plus or minus, and include:
start-up dates and operational schedules of the various facilities and
programs, concentration efficiencies, volumes retrieved, volume of space
required for operations, and volume of waste disposed of or concentrated. The
entire set of tank space availabledata, reserve requirements, and assumptions
are analyzed in a program to monitor and project tank space needs.

The overall projection is a set of scenarios,or what-if cases.
Alternativesto reduce DST space requirementsprovide these scenario
assumptions,as well as provide alternativeactions for planning. Two
scenarios: Without A Delay in Grout and One Grout Vault Only are shown in
Figure 7. The impactsof not grouting or not continuing to grout are evident.
This figure clearly shows the benefit of grout in providing DST space for
other needs. Delaying or deferring grout (i.e., to wait on pretreatmentor to
first develop an alternatewaste form) could impact availabilityof tank space
for resolving safety issues,thus increasing incrementalrisk. lt may also
impact needed tank space capacity for pretreatmentand HWVP, potentially
affecting other Tri-PartyAgreement milestones.

ALTERNATEWASTEFORMDEVELOPMENT

Alternate waste forms have been examined (preliminarystudies) to compare
with grout for LLW onsite disposal. Grouts are widely used in the nuclear and
hazardouswaste industry for the solidificationof radioactive LLW and toxic
waste. However, the level of radionuclidesand hazardous constituentsin DST
waste, coupled with the low recharge rate of groundwateron the Hanford Site,
result in an elaborate engineered disposal system for grout, which is depended
on for long periods after disposal. Alternate waste forms offer higher leach
resistance and hazardouswaste constituents(organicsand NO2/N03)
destruction,thereby reducing dependence on the engineered disposal system.
Also, the recent decision to address retrieval and disposal of all tank
wastes, SST as well as DST, has significantlyincreasedthe volume of LLW to
be disposed.

Whereas the current grout waste form may be appropriate to initiate DST
grout campaigns, an improvedwaste form may be more appropriate for SST LLW
disposal, consideringthe much larger SST LLW volume and the requisite number
of grout vaults for that volume. Furthermore,once developed and available
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Figure 7. Available Tank Storage With and Without Grout Operations.
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(7-10 years estimated), the new waste form could be substituted for grout if
DST LLWdisposal is st|ll ongoing at that point, thereby benefitting from any
enhanced waste form advantages.

• A number of possible waste forms for onsite LLWdisposal have been
evaluated and compared over a range of factors. The following waste forms
were considered:

• Salt grout--Current grout form could include enhancements.

• Polyethylene encapsulated waste--Waste slurry w111 be dried to a
powder that is mixed into molten polyethylene. The polyethylene
waste mix w111 then be cast into containers that are buried onsite.

• Hlneral grout--In this process, the waste w111 first be thermally
denltrated and quenched, producing sodium hydroxide (NaOH). The
caustic solution wlll be mixed with bentonlte clay and
solidlficatlon additives. The mix w111 then be pumpedto a bulk
disposal site where the mix sol idlfies into a massive monolith.
Bentonite reacts with the caustic at ambient temperaturesto form
analcite,which binds up the sodium.

• ContainerizedGlass--Thewaste will be incorporatedinto
borosilicateor lead phosphateglass, which is then cast in large
containers that are buried onsite.

• Soil Melt Slurry Injection--SoilMelt Slurry Injectiontechnology
will be used to create a pool of molten soil to which the waste is
added. The waste and molten soil cool to form a glass waste form.

• Glass in sulfur concrete--Thewaste will be incorporatedinto
borosilicateor lead phosphateglass, which is then quenched to form
cullet. The cullet will be added to molten sulfur,which is pumped
to a bulk disposal site.

• Ceramic in grout--The waste will be calcined with kaolinite clay at
BOO°C (1472 °F) to form nepheline, a sodium aluminosilicate
mineral. The nepheline,which functions as an aggregate, will be
mixed with water and Portlandcement to form a grout that is pumped
to a bulk disposal site.

Figure 8 indicateshow the alternativescompared against major properties
in the evaluation.As shown, glass in sulfur and containerizedglass offer
excellent leach characteristicsand are technicallyfeasible to implement
within a reasonable time frame.

The Hanford Site is continuing to evaluate grout and glass forms (i.e.,
glass in sulfur and containerizedglass), leading to development of the most
favorable alternative,while proceedingwith the first few grout campaigns.

17
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Figure 8. Alternate Waste Forms Comparison.
i

Alternate Land Leach index Waste Technical Life-cycle
waste form commitment volume feasibility cost (SH)

(acres) (km_)

Salt grout 115 7.6 1277 High 605

Salt 408 9.7 580 HIgh 980
polyethelene

i i

Mineral grout 208 11.3 2320 Low 995

Containerized 190 17.0 220 Medium 1340
glass
(in cans)

i

Salt melt 11 11.6 336 Low 296
slurry

i

Glass in 27 17.0 297 High 1260
sulfur

Ceramic in 67 11.1 753 Low 1120
grout
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CONCLUSION

While the total amount of radionuclidesplanned for Hanford Site grout is
considerablyhigher than other similar programs (e.g., Savannah River
saltstone),the specific isotopesmaking up the difference in quantities must
be considered. Nearl_99 percent of the curie content in DSS/DSSF for
disposal in grout is '"'Cs. This isotope is ret._tnedwithin the grout and is
highly sorbed on Hanford soils. Additional)_, '_'Cshas a relativity short
half-life,30 years. After 500 years, the "_'Cshas decayed to an
insignificantlevel, and only a minor concentrationhas migrated into the
concrete vault structure surroundingthe grout waste form. Therefore, the
increasedenvironmentalrisk resulting from the increasedcuries planned for
disposal in grout is very small.

On the other hand, consideringmobile species with long half-lives (eLg.,
1_Tc and 1291),Hanford Site grout has a very similar though somewhat smallGr
quantity of radionuclidescompared to other disposal programs (e.g., Savannah
River). The HGDP PA indicatesthat performanceobjective doses are not
reached for thousands of years.

Rather than comparing just the difference in the absolute amount of
curies, it is more appropriate to compare different inventories by considering
impact on the environment (degreeof mobility, half-life and biological
toxicity). This examinationwould indicate that the long half-life mobile
species (<IDercent of total activity) dominates the highly retained, short
half-life 13rCs(nearly99 percent of total DSS/DSSF activity) in grout.
Essentially,the higher curie content of Hanford Site grout does not present
any significantlygreater risk from an environmentalimpact point-of-view.

Concerning the ability to produce grout successfully,the HGDP has done
extensive formulationwork to address both the higher Hanford Site curie
content and chemical/hazardouswastes as well as to prevent the difficulties
encounteredby other grouting programs. The HGDP has employed several Hanford
Site and national laboratoriesin this effort.

The current HGDP has a very rigorous formulationdevelopment and
verificationtest program to ensure a high probabilityof success. This
includesdetailed waste characterization,use of multiple laboratories,a
pilot plant, hot cell tests, and actual plant operating experience. These
tests and the comparison of these data sets provide a built-in quality
assurance check for the successof disposing of Hanford Site tank waste via
grout.

Finally, the risks associatedwith proceedingwith grout cannot be viewed
in isolation. Rather, the risks of grouting must be compared to the risks
incurred if the HGDP is deferred for years to first remove radionuclides
and/or to pursue an alternatewaste form.

A number of years (5 to 10 estimated) is required to implementyet
undevelopedand unscrutinizedpretreatmentand/or alternatewaste form
programs. During this period, mitigation of tank leakage and tank safety
issues would be impacted due to tank space shortage. Grout is projected to
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relieve tank space shortage and is more environmentally sound than the
continued storage of.liquid tank waste with the potential for leakage to the
soil column.

Th@j'efore,the current strategy of TWRS is to introduce pretreatmentto
remove '37Csas quickly as possible and to acceleratedevelopment of an
enhanced waste form, while simultaneouslyproceedingwith the first grout
vault campaigns to initiatedisposal actions and relieve critical tank space
needs.
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A STRATEGYFORRESOLVINGHIGH-PRIORITY HANFORD
SITE RADIOACTIVEWASTESTORAGETANK

SAFETY ISSUES

Harry Babad, Cherri DeFigh-Price,and John C. Fulton
WestinghouseHanford Company

ABSTRACT

High-activity radioactivewaste has been stored in large underground
storagetanks at the U.S. Department of Energy's (DOE) Hanfor_ Site in Eastern
Washington State since 1944. Since then, more than 227,000 m° (60 Mgal) of
waste have been accumulatedin 177 tanks. These caustic wastes consist of
many different chemicals. The waste forms include liquids, slurries, salt
cakes, and sludges. A number of safety issues have been raised about these
wastes, and resolution of these issues is a top priority of DOE. A Waste Tank
Safety Program has been establishedto resolve these high-priority safety
issues. This paper will deal with three of these issues. The issues
described are the release of flammable vapors from single- and double-shell
tanks, the existence of organic chemicals, and/or ferrocyanide ion-containing
fuel-richmixtures of nitrate and nitrite salts in single-shelltanks.

Extensivemanagement controls are employed to ensure that the tanks in
question continue to be maintained in a safe manner through issue resolution.
In addition,comprehensivemonitoring, characterization,and applied and basic
research efforts have been initiated to support resolution of issues and to
prevent creation of future problems associatedwith potentially incompatible
wastes. The safety effortswill also support actions related to the planned
retrievaland disposal of the wastes in these storage tanks. Such efforts
will also provide the basis for remediationof the safety issues associated
with these tanks on an as-needed basis and define the envelope of safety to
supportthe disposal of all high-level waste in Hanford Site tanks.

Safety studies and evaluations have been conducted periodically as new
waste-producingprocesseswere developed and waste conditions changed.
However, delaying permanentwaste disposal, continual pressure of waste
generation on limited storage space, and aging facilities have resulted in
several current safety issues (1). Efforts on identificationof and external
review of the safety issues can be found in WHC-SA-1328 (2), Kazimi (3),
WHC-SA-1369-FP(4), WHC-SA-1364-FP(5), and WHC-EP-0531 (6).

RESOLUTIONOF SAFETYISSUES

Resolution of all the safety issues will take several years (refer to
Figure I). As the tanks receive further evaluation, it is anticipatedthat
other issues may be identified. A Waste Tank Safety Program has been
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Figure1. WasteTank SafetyProgramOverview.
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established to conduct this work, and an overview plan for implementing
mitigation and/or remediation of the highest priority waste tank safety issues
was prepared (1). Detailed plans also have been developed for each of the
major activities.

The following issues are discussed in this paper:

• Flammable gas generation in tank 241-SY-10] and other
tanks--Twenty-four tanks generate hydrogen and other flammable gases
and appear to release them in a periodic fashion.

• Potential explosive mixtures of ferrocyanide in tanks--Twenty-four
tanks may contain insoluble ferrocyanide salts in quantities
potentially greater than 1,000 gram-moles mixed in a sodium
nitrate/sodium nitrite matrix.

• Potential organic-nitrate reactions in tanks--Eight tanks contain
organic chemicals at concentrations believed to be greater than
10 mole percent sodium acetate equivalent mixed in a sodium
nitrate/sodium nitrite matrix. Three of the hydrogen and
ferrocyanide tanks also appear on the organic list.

The hazardous characteristics of the existing wastes, leading to their
identification and control, were estimated on the basis of information from
the chemical literature, expert peer judgment, and limited historical and
actual sampling data. Mitigating factors such as moisture content, presence
of inert diluents (e.g., sodium carbonate, sodium aluminate and/or sodium
phosphate), and conditions that could lead to a lack of reactivity of the
wastes were purposely understated.

Scenarios of significant concern associated with waste in tanks include
the following:

• Potential for ignition of flammablegases such as hydrogen-air,
hydrogen-nitrousoxide, and/or air-organicvapor mixtures

• Potential for ignition of organic-nitrateand/or
ferrocyanide-nitratemixtures, initiatedby the radiolytic or
chemical heating of dry salt cake or by localized heating

• Potentialfor secondary ignition of organic-air and/or
organic-nitratemixtures, initiatedby the burning of flammable
gases.

Administrativeand technicalcontrols are in place to restrict activities
that could cause undesirableexothermic reactions. For example, pumping of
interstitialliquid from ferrocyanidetanks was stopped to maintain present
moisture levels (e.g., to maintain present thermal conductivity and heat
capacities) until data are gathered about the required moisture levels to
maintain safety. Nonsparking tools and use of electrical bonding techniques
are used around flammable gas tanks to prevent accidental ignition. "Normal"
activities for tanks of concern are limited to surveillance. Special safety
and environmentalanalysis documents are prepared for all work inside the
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tanks; these are extensively peer revtewed and are scheduled for periods when
the vapor concentrations are well below the lower flammability limits.

Of the 53 tank safety issues, 4 have been selected for accelerated
evaluation. Tank 241-SY-101 is of the greatest concern because of episodic
releases of flammable gas that exceed the lower flammability limits for short
periods of time. Tanks 241-C-109 and 241-C-112 appear to have the largest
concentration of ferrocyantde. Tank 241-C-103 has a separable organic layer
floating on top of the aqueous waste and is a primary source of potentially
flammable vapors. Although the ferrocyantde and organic tanks are handled as
two separate programs for management convenience, they both can be classed as
fuel-rich tanks.

APPROACHESTO ASCERTAININGTHE RISK FROMFUEL-RICH
OR FLAMMABLEGASTANKS

_ener_l Considerations

Proof of the conditions in any given tank will rarely be absolute.
Rather, the preponderance of the evidence must substantiate that the potential
for an exothermic reaction in a fuel-rich tank (e.g., a ferrocyanide
salt-containing tank) is very low. Evtdence for demonstrating these safety
classes ts not mutually exclusive. Information on the potential safety of a
fuel-rich tank can and will be obtained from a variety of activities.

The conventional "fire" safety trtangle sets the stage for the analysis.
For an exothermtc reaction to occur, the system must contain appropriate
concentrations of fuel, oxidizer, and heat or other initiator (refer to
Figure 2). Conservative deterministic safety assessments require assuming the
presence of a spark, heat, or other initiator. Because sodium nitrate and
nitrite exist in high concentrations in almost all of the single- and
double-shell tanks, the strategy for issue resolution will focus on the fuel.

Three long-term alternatives bound evaluating the safety condition in any
given tank. To safely store waste in a tank until ftnal disposal is
accomplished, the waste must be kept in a safe form. It must be demonstrated
on a tank-by-tankbasis that the contents of the tank are either intrinsically
safe (low fuel inventory),passively safe (low fuel concentration),or in a
state of controlled safety (effectivemonitoring and corrective system in
place) (refer to Figure 3). Otherwise, the contents of that tank may be
subject to in situ mitigation or early remediation.

A listing of these factors affecting a judgement of safety (e.g.,
inventory, concentrationlimits)will be presented. In addition, this
presentationwill identify the associated informationneeded to prove the
credibility of the evaluation. However, existing and new data are unlikely to
provide absolute proof of safety for any given tank other than those tanks
that either received no inventoryof fuel or were completely emptied of the
suspectmaterials. Rather, a case will have to be made that the preponderance
of the data and analysis results clearly suggest that continued storage of the
waste is safe under the specifiedoperating safety requirementscontrol found
in Table I.
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Figure 2. Combustibility Triangle.
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Figure 3. Safety Pyramid.
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Table I. InformationSources Associated with Evaluation
of Safety Factors. (sheet I of 2)

Safety Factor Data Source Information Needs

Inventorylimit • Historical information • Inventoryestimates from
transfer records

• Flow sheet projections

• Characterizationdata • Dome gas sample analysis
• Tank sample analysis

• Modeling • Dome gas flow models
• Transient maximal

inventoryof flammable gas
• Thermodynamicenergy

estimates

Inventorylimit • Syntheticwaste studies • Gas generation, retention
and release mechanisms

• Large scale combustion
data (e.g., Bureau of
Mines) to define the
energetics of a gas burn

• Fuel degradation or
decomposition

Concentration • Historical information • Flow sheet analysis
limit ° Concentrationfactors

• Characterizationdata ° Multiple point dome gas
measurementsto define
concentrationprofiles

• Liquid and solid tank
sample analyses

• Modeling • Thermodynamicenergy
estimates

° Thermal modeling of tank
responses

° Syntheticwaste studies ° Synthetic waste studies
- Fuel dispersion
mechanism

- Degradation
pathways

- Fuel concentration
pathways

- Initiatorsand
catalysts
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Table I. Information Sources Associated with Evaluation
of Safety Factors. (sheet 2 of 2)

Safety Factor Data Source InformationNeeds

Control limits • Historical information • Analysis of tank records

• Characterizationdata • Tank vapor sample analysis

• Tank surface Sample
analysis

• Concentrationsof key
constituents

• Monitoring data • Enhanced dome space
monitoring data

• Enhanced moisture and
temperaturemonitoring
data

Control limits • Energetics and reaction • Thermodynamic energy
dynamics estimates

• Thermal and structural

modelin_lof tank
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GENERALISSUE RESOLUTIONCONSIDERATIONS

Proof of the conditions in any given tank will rarely be absolute, but
demonstratinga safe inventoryand/or concentrationof fuel in the condensed
phase of a I/2 to l-milliongallon single-shelltank poses special
difficulties. Rather than "absoluteproof," the preponderanceof the evidence
must convince external peer reviewersthat the potential for an exothermic
reaction in a fuel-rich single-shelltank, such as a ferrocyanide
salt-containingtank, is considered extremely low. Also, evidence is mounting
that maintaining sufficientmoisture content to prevent propagation of any
exothermicreaction will not be difficult. Informationon the potential
safety of a fuel-rich tank can and will be obtained from a variety of
activities. Evidence for demonstratinga tank meets a specific safety class
is not mutually exclusive. Rather, the data obtained by the program will
create a consensus of peer opinion that individualor grouped tanks are safe.
That processwill close the safety issue(s) related to that tank.

Thehistory of the single-shelltanks sheds light on difficulties in
dealingwith the safety issues associatedwith them. First, no wastes have
been added to any of the single-shelltanks since November 1980. Half of the
tanks, 67 of the 149, are classified as assumed leakers. To prevent or
diminish impacts from future leaks from single-shelltanks, a program to
remove pumpable liquids from these tanks was started and, after pumping, the
tanks were isolated from their neighbors. A prohibition exists against adding
waste to single-shelltanks (exceptfor 241-C-105 and 241-C-106, our high-heat
tanks), providing a means of preventing leakage to the environment in these
singly contained vessels. There is also concern that any attempts to stir
their contents would increase the risk of a leak, thus further limiting our
mitigation options. Note that double-shelltanks pose no such intrinsic
constraintbecause one can keep them wet and, if necessary, stir them as is
planned for tank 241-SY-I01.

Examples of criteria that would likely be associatedwith a demonstration
of safety for flammable gas and fuel rich tanks are proposed in Tables II and
III.

CONCLUSIONS

The Hanford Site's Waste Tank Safety Program is large and complex and has
high prioritywithin the DOE. Evaluating the safety issues identified above
and defining appropriateremedial action to correct these safety concerns are
being actively pursued at the highest possible priority. Risk to the
operating staff, the Hanford Site environment,and to the general public
appears to be extremely low; this is being reaffirmed. Work is in progress to
quantify the risk and to take appropriatecorrective actions to support
continued safe storage of the waste as well as the eventual permanent disposal
of Hanford Site's single- and double-shelltanks. The road to resolving the
safety issues has been mapped out, and although it will be a journey of
severalmore years, significantprogress is being made toward understanding
the basic safety issues and applying effective interimcontrols.
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Table II. PreliminaryGuidelines for Assuring Safety
of FlammableGas Producing Tanks.

Safety Factor Characteristic Criteria Notes

Inventory limit • Cyclic tank None Based on records of tank
pressurization behavior (past selection

criterion)
• Anomalous
unexplained
increases in
tank surface
levels

Concentration Dome gas Gas concentration Based on industrial
limits concentration <25% of lower protection standards

flammability (present safety
limit (LFL) criterion)

Control limits Dome gas <25% lower Assumes that tank
concentration flammability concentrationsrequire

limit mitigation to even out
cyclic gas releases to
below LFL criterion.

Dome gas Maintain May require ventilation
pressure negative upgrade to meet criteria

pressure in tank
-4 to -10 inch

water gauge
pressure

10
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Table III. Preliminary Guidelines for Assuring
Safety of Fuel-Rich Tanks.

Safety Factor Characteristic Criteria Notes

Inventorylimit Total waste 3% TOC or Based on initial
quantity 1,000 gram/mole assessment of risk

FeCN salts per
tank (present
criterion)

Concentration Waste <100 cal/gram Specific to actual
limits concentration (present chemical

preliminary composition and
guestimate) waste energetics

Control limits Assumes that data
are insufficientto
prove inventoryor
concentrationbased
safety.

• Moisture • Tank moisture • 20+% moisture
content

• Temperature • Tank • Lack of a fuel
temperature concentration

mechanism and
<TBD Btu/hr
heat generation

• A TBD temperature
limit (<85 °C)

TBD = To be determined.
TOC = Total organic carbon.

11
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TANKWASTECHEIqISTRY- A NEWUNDERSTANDINGOF WASTEAGING

H. Babad
Westinghouse Hanford Company

D. M. Camaioni, M. A. Lilga, M. D. Samuels, D. M. Strachan
Pacific Northwest Laboratory

ABSTRACT

There is concern about the risk of uncontrolled exothermic reaction(s) in
Hanford Site waste tanks containing NO3"/N021based salts and/or metal
hydroxide sludges in combination with organics or ferrocyanides. However,
gradual oxidation of the waste in the tanks to less reactive species appears
to have reduced the risk. In addition, wastes sampled to date contain
sufficiently large quantities of water so that propagation reactions are
highly unlikely.

INTRODUCTION

Over the past 2 to 3 years a variety of independent informationsources
were studied to evaluate the risk of an uncontrolledexothermic reaction in
Hanford Site high-activitywaste tanks. The intensive, mostly theoretical
study was based on limiteddata, but led to the tentative conclusion that the
risk is greater than previously expected. The wastes contained in these tanks
are NO_/NO;based salts and/or metal hydroxide sludges. In combinationwith
these salts/hydroxidesare water soluble and/or insoluble organics or
ferrocyanides, lt is these combinationsthat are of greatest concern.

Evidence to refute those preliminaryconclusions about the high risk came
first from an evaluation of waste transfer records and flowsheet-related
documentation- an analysis that serves to bound the inventory of fuel in the
high-NO_/NO_wastes. Second tests with simulatedwastes demonstratedthat
both the reactivity and energetics of potentiallyreactive species were lower
than expected in systems containing ferrocyanidesalts and in those containing
the organic species. Third, the results from tests with actual waste
materials, either cores or "grab" samples, generally demonstrated a lower
reactivity for actual wastes than for freshlymade simulants. These lower
energy releases suggesteddegradation of the fuel value by radiolytic and
chemical aging of the waste. This, the gradual (over tens of years) oxidation
of the waste in the tanks to less reactive species, is the subject of this
paper.



WHC-SA-1694-FP

BACKGROUND

Production of nuclearweapons materials began at the Hanford Site in
1944. Productioncontinued until 1990, when the last production reactor was
shut down and processing of the irradiatedmetallic uranium fuel was
suspended. During this entire period, radioactivewastes from the
reprocessingoperations have been stored as alkaline liquids and slurries in
near-surfaceundergroundtanks. Bet_een 1943 and 1964, 149 single-shelltanks
(SST) ranging in capacity from 208 mS to 3,800 ms (55,000 to 1,000,000 gal)
were constructed. Currently, the SSTs contain approximately 14,000 ms
(36,000,000gal) of waste as damp salt cake (predominantlysodium nitrate and
sodium nitrite), and metallic oxides/hydroxides,and other insolublemetal
salt sludges, plus about 2,300 m° (600,000gal) of supernatant liquid. The
waste represents an accumulationof material from 1944 to 1980, at which time
active use of the SSTs ceased. Historically,67 of these tanks are known to
have leaked or are assumed to have leaked, necessitatingadditional treatment.
Treatment consisted of the constructionof new double-shellsteel tanks (DST)
and the concomitantpumping of the remaining liquids from the SSTs. As of
1992, the liquids in all but 44 of the SSTs have been reduced to the point
that only a small non-drainablefraction remains. Of this fraction, only a
small quantity can drain from the tank, and the remainder is held by capillary
forces. These second generation tanks, the DSTs, offer better assurance that
the environmentwill be protected from leakage of stored radio)ctive waste
(I). Since 1971, 28 of the DSTs, ranging in size from 3,720 meto 4,390 m3
(984,000 to 1,160,000gal), have been built at the Hanford Site.

Hanford Site wastes are unique in that they resulted from a wide variety
of reprocessingflowsheets (e.g., the bismuth phosphate process, reduction
oxidation, plutonium-uraniumextraction,and the Thorex Process, as well as
from uranium recovery activities). To reduce the volume of waste that was
generated during the uranium recovery process, IPCs was removed from the
supernatantsolutions by the precipitationof ferrocyanide [NazNiFe(CN)
(ideal stoichiometry)]by which the cesium was scavenged to the sludge_ayer
in the tank. The ferrocyanide-scavenging processwas carried out using at
least three flowsheets (2). Wastes were also added to the tanks as part of
plutoniumrecovery and finishing operations,and as part of cesium and
strontiumremoval and encapsulationefforts. As a result of the use of
several plutonium recovery processes and a variety of methods to manage the
volume of stored tank wastes, the chemical compositionand radionuclide
content of individual tanks varies widely.

DISCUSSION

A variety of organic solvents, complexing agents, surfactants, and other
reagentswere used in the various processes (refer to Table I). The wastes in
the tanks contain some fraction of these organic species. In some wastes, the
existence of significantquantities of either or both ferrocyanide and organic
specieswith an excess of NO3/NOzoxidizers poses a potential safety problem,
which has been the subject of much recent study. These studies are briefly
discussed below.
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Table I. Primary Energy Rich Chemicals Used In Waste
Management and Chemical ProcessingOperations.

Compound Name Use PotentialDegradation Products

Normal paraffin Carrier Probably carboxylic acid fragments
hydrocarbons Solvent from carbon chain cleavage

Methyl isobutyl Extraction Acetone and carboxylic acid
ketone (hexone) solvent fragments

EDTA and HEDTA Complexants Sodium formate and oxalate and
other "intermediatedegradation
fragments from complexant cleavage

Tributyl phosphate Extraction Butyl alcohol and possibly butyric
solvent acid

Citric acid Complexant Sodium formate and oxalate and
other "intermediate"degradation
fragments

Sugar Denitrating Reaction in acid leads to carbon
agent dioxide and nitrous gases

Di-2-ethylhexyl Complexant 2-ethylhexylalcohol and possibly
phosphoric acid carboxylic acid fragments

Assorted organic Decontamination Probably carboxylic acid fragments
based surfactants operations from carbon chain cleavage

Sodium Nickle Decontamination Soluble sodium ferrocyanide,
ferrocyanide operations sodium formate and ammonia

EDTA=Ethylenediaminetetraacetic.
HEDTA-N hydroxy-ethylenediaminetriaceticacid.
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IDeqrad.atton of Water Solub1_ Qrqan1¢$in A1kallne Was,1;e$

Water soluble organics have been used extensively in the chemical
processes used at the Hanford Site. In general, these water soluble organics
consist of a class of organic complexants, such as ethylenediaminetetraacetic
(EDTA), N hydroxy-ethylenediaminetriacetic acid (HEDTA), nitrilotriacetic acid
(NTA), etc, and pH buffering agents, such as glycolic and citric acids. The
generation of gases in the alkaline wastes in tank 241-SY-101 and the
knowledge that these organics were used_.in the chemical processes, led to the
studies of the mechanisms by which these organics decompose in alkaline
solutions. This work is part of a cooperativeeffort that has been carried
out at Georgia Instituteof Technology,Argonne National Laboratory,
WestinghouseHanford Company, and PacificNorthwest Laboratory (PNL).

The earliest work on the decompositionof organics in alkaline waste
solutionswas performed by Delegard (3,4). Results from these studies
indicate that the initialorganic, in this case HEDTA or EDTA, were degraded
by losing one and two carbon atoms from the moiety, yielding ethylene
diaminetriacetate(ED3A). More recent studies confirm that these organics
decompose by losing one- and two-carbon fragments from the molecule (5-8).
These fragments ultimatelyyield, if the mechanism is correct, oxalate and
formate plus H2 and CO_ which, in strongly alkaline environment,are
converted immeaiately_o C03"(. Additionally,N20, NH3, and N2 gases are
produced during the decompositionof these organics. As discussed below, this
represents an overall decrease in the potential energy associated with the
organic content of the waste.

Analytical results from the waste samples from tank 241-SY-I01 suggest
that the amount of parent organic (i.e., HEDTA or EDTA) is relatively small
and represents less than 10% of the total organic present in the samples (8).
At that time, the data suggested that there was a substantial amount of the
organic in these samples that was not amenable to analysis using the
derivitizationmethods. Oxalate and formate would not be detected using these
techniques,but would be expected from the proposed mechanisms. These initial
analytical results suggested that a substantialamount of the total organic
carbon is present as moieties smaller than the presumed parent compounds, but
as yet unidentifiedand/or quantified. This general degradation of the
organics seems obvious, but without the studies performed over the past three
years and analytical results obtained over the past two years, there would
only be an ambiguous understanding.

Recent work by Bryan and Pederson and reported in reference (8) suggests
that the mechanisms that occur at tank temperaturesmay also be effective in
the destruction of these organics at elevated temperatures. Bryan and
Pederson have investigatedthe autogenousdestruction of EDTA at temperatures
between 150 and 350 °C, below the critical temperature of water. In these
experiments, the NO_ in the simulatedwastes _as used to destroy the organics

yielding one mole o_ NH3 per mole of organic nitrogen. Some NH3 was also
generated from organics that containedno nitrogens and from slmulatedwaste
without organics added. The quantity of the NH3 so generated was, however,
small. From the results of these experiments,some insight to the
stoichiometrywas obtained, assuming that the stoichiometry is approximately
the same at tank temperaturesas at the temperaturesof Bryan and Pederson's
experiments. These results suggest that OH is required for the destruction



WHC-SA-1694-FP

of these organic species when the oxidation _s carried to C03"2;no OH is
required for the destructionof EDTA to C204"'. If this is the case, it would
suggest that a substantialamount of the organic in tank 241-SY-101 has not
been completely oxidized because the OH- concentrationhas not changed
significantlyover the past 6 years (9,10). Because the OH has not changed
significantly,it can be assumed that the reactions have not taken the organic
carbon completely to C03"2or the net reaction suggested by Bryan and Pederson
in reference (8) is not fully operable at tank temperatures. The reactions
proposed by Ashby et al. in references (6,7) suggest that 4 to 10 moles of OH"
should be consumed for each mole of parent organic reacted to form oxalate and
formate.

Hydrogen, NzO, NH3, and Nz are generated in the experiments of Bryan and
Pederson, reported in _eferences (6,7), and in the mechanism proposed by Ashby
et al. (5,8,11). These same gases are generated in the waste contained in
tank 241-SY-I01. While the data from the tank are confounding in that the
informationon the gas compositionhas only been obtained for the past three
years, some informationcan be extracted. If one uses the information from
the simulatedwaste studies as an indicatorof the processes that are taking
and have taken place in the tank, one can estimate the total amount of organic
carbon that has been affected by the reactions. Using a generation rate of
50 mol H2/d (I0) obtained from the waste level data and one mole of H2 per one
or two moles of carbon (dependingon the source of the H_ - glyoxalate or
formaldehyde- obtained from the simulatedwaste studies), the maximum amount
of organic that could have been affected is 0.I g/L or about 6% of the total
organic carbon in the waste of tank 241-SY-I01. Assuming for the moment that
very little of the organic was oxidized to CO{2 and 6% is EDTA, very little
of the original fuel value remains in the waste. This suggests that the
safety margins used in the safety analyses for the waste in tank 241-SY-101
were quite conservative,since parent organic specieswere used to calculate
the energy release during a hypotheticalaccident scenario.

The most energetic reaction of EDTA or HEDTA is the conversion of the

organic species and NO2 to C03"2 H_O, and N2. The enthalpy of this reaction
is on the order of 5 MJ/mol. If t_e organic had been degraded to C2042 then
the energy content of would have been degraded from the original 5 MJ (mol of
EDTA) to the equivalent of about I MJ (5 mol oxalate). This represents a
substantialreduction in the total energy that could be released during an
accident involvingthe rapid decompositionof the organic content in the
waste.

In short, the fuel value representedby the total organic carbon, a value
to which EDTA, C204"2,and CHO0" contribute, in tank 241-SY-I01 waste and, in
fact all wastes containingwater soluble organics, is degrading with time due
to the slow destructionof larger organicmoieties (i.e., as the waste ages).
While the analyticaldata are not yet complete, if the data collected to date
are accurate,the assumed fuel value in tank 241-SY-I01 has degraded
substantiallyover the years relative to the assumptionsmade during the
safety analyses. The analyticaldata suggest that the fuel value may have
decreased by up to a factor of 4 due to aging of the organics in this and
other alkaline waste currently stored in Hanford Site tanks. This general
decrease in energy is further substantiatedby the low exothermic values

obtained from the differentialscanning calorimeter analyses performed onactual waste samples.
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AQJng of Ferrocy_nide Salts tn A1ka11-¢ontatn|ng Wast_

Aging of ferrocYanJde waste is the process by which insoluble sodium
nickel ferrocyanide, when exposed to aqueous alkali above pH 13, either
dissolves and Is diluted or decomposesto a less fuel-rich form. As part of
waste managementoperations, aluminum decladding waste or double-shell slurry
from the concentration of reprocessing wastes was added to tanks containing
bedded ferrocyanide (2). The ultimate goal of demonstratingaging is to
verify a mechanism that could have taken place in the tanks over extended

periods of time when the precipitatedferrocyanidewas exposed to these highlyalkaline wastes.

To validate the aging concept for ferrocyanides,two different "proofs"
are needed. First, it must be demonstratedon both synthetic flow sheet
material and on real wastes that the initially insolubleferrocyanidesalts
dissolve and perhaps decompose. Second, a means of "delivering"the alkali to
the bedded ferrocyanidewastes must be demonstrated.

The slow diffusion of materials in aqueous heterogeneouswaste systems is
well known, but the time scale on which such diffusion occurs is long.
Dissolutionof ferrocyanidesalts within one meter of a highly alkaline waste
over a 30-year period appears almost certain, but questions remain whether
such diffusion-controlledprocess could dissolve wastes lower in the tank.
Modeling and perhaps some experimentalstudies will be needed to determine
whether the time scale required for diffusion of alkali through the deepest
bed of settled waste is compatible with a diffusion-controlleddissolutionmechanism.

Equations that describe the proposed chemistryof aging and are based on
laboratory results of the dissolution of ferrocyanidesimulants are presentedbelow.

(Eq I) Na_NiFe(CN)6 + 2NaOH ....> Na4Fe(CN)6 + Ni(OH)2
Sodium Nickel Ferrocyanide Sodium Ferrocyanide

(Eq 2) Na4Fe(CN)6 + 2NaOH + 12H20 .....> 6NaHCO2 + Fe(OH)3 + 6NH3
Sodium Formate

(Eq 3) NaIFe(CN)6 + 3NaOH > 6NaCN + Fe(OH)3Sodium herricyanide

Too little is understoodabout destruction of insolublecomplex
ferrocyanidesalts by radiation. Although preliminarydata suggest that
soluble ferrocyanidesalts produce cyanide ion by radiolysis, it is not yet
known what role radiolysis plays in the aging of Hanford Site ferrocyanidewastes.

PNL Aging Study Test Results

Results of aging studies now under way at PNL demonstrate that a

vendor-preparedferrocyanidesimulant NazNiFe(CN_a; NazSO4 • 4.5 H_O,dissolves rapidly in aqueous base. This process have occurred in the
tanks over the last 35 years to dissolve, dilute, and more slowly destroy the
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ferrocyanidecompounds. Lilga et al. (12) investigatedthe effects of pH
variation, [Na+], anions present in SSTs, and gamma radiation on
solubilization.

In the initialdissolution screening experiments,I g of the
vendor-preparedmaterial was refluxed for 96 h in _.1 M (Experiment I) or 1.0
M NaOH (Experiment2). These experimentswere performed in standard laboratory
glassware. Table II summarizes the conditions and results of the two
experiments.

The data indicate that vendor-preparedNa2NiFe(CN)6dissolves in aqueous
base accordingto Eq. (I) to give primarily insoluble Ei(OH)2and soluble
Na4Fe(CN)6. Precipitationof Ni(OH)zapparentlydrives the f-errocyanide
dissolution.

Atomic absorption analysis of the reaction supernates showed that
essentiallyall of the iron is in solution after 96 hours at reflux
conditions. Very little of the nickel is found in the supernate solutions.
Environmentalscanning electron microscopy (ESEM), energy dispersive
spectroscopy(EDS), infrared (IR) spectroscopy,and X-ray diffraction (XRD)
indicatethat Na4Fe(CN)6is the primary ferrocyanidecompound in the soluble
solids. IR, ESEM, EDS, XRD, and M(}ssbaueranalyses showed that nickel was
present in the reaction precipitateas Ni(OH)2. Very little iron remained in
the insoluble solids.

The presence of NH3 was detected in both experiments. This is indicative
of cyanide hydrolysis reactions. A greater degree of hydrolysis occurs in the
more basic solution. The extent of hydrolysis,however, is very low after 96
hours with the largest yield on the order of 0.02% (0.02% of the cyanide
groups were converted to NH3).

A more detailed study was undertaken to determine the influence of pH,
[Na+], and the presence of single-shelltank (SST) simulant salts on the rate
and extent of dissolutionof the vendor-preparedNa2NiFe(CN) material These6
reactionswere performed at room temperature in Teflon® labware. Solutions
were periodicallysampled during the reaction and analyzed for iron using
atomic absorption spectroscopy. At the conclusion of the experiment, the
final pH was measured and the soluble and insoluble solids were analyzed using
IR, ESEM, EDS, XRD, and occasionallyusing Mossbauer spectroscopy. In some
cases, the supernatewas analyzed for free cyanide, ferrocyanide,and
ferricyanideusing ion chromatography(IC). Table III summarizes the starting
and final pH for some of these experiments.

Experimentsto study the effect of initial pH on ferrocyanidedissolution
were performedwith starting pH values of 12, 13, and 14 (0.01 M, 0.1 M, and
1.0 M NaOH, respectively). Thedissolution isg5% complete after 0.5 h
stirring in I M NaOH (pH 14) at room temperature. The reaction at pH 12 is
base-limited,but the base is rapidly consumed within 0.1 h. At pH 13, a
slight excess of base is present; the dissolution proceeds rapidly at first,
then slows to reach about 85% completion in 144 hours. Presumably, the
dissolutionwould continue to completion at longer reaction times at pH 13.
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Table II. Conditions and Results for Preliminary Experiments.
|1

Experiment I Experiment 2

[NaOH] O.I M 1.0 #
Initial pH 12.9 13.8
Final pH 10.5 13.0

Na,NiFe(CN),,Na2S04,4.5H20 (g) 1.0005 1.004I 1.3Moles Fe(CN_6"4or Ni+z 1.85 x 10.3 1.86 x

Weight of recovered solids (g) 0.3316 0.5113

Solution [Fe] (mg/L) 2030 1600
Moles Fe in solution 1.82 x 10.3 1.43 x 10.3
Fraction total Fe in solution 98% 77%

Solution [Ni] (rag/L) 39 3.3
Holes Ni in solution 3.32 x 10"s 2.81 x 10.6
Fraction total Ni in solution 1.8% 0.15%

[NH3] in gas (ppm) 30 375
Approx. moles NHs produced 8.04 x 10"8 2.34 x 10.6
Approx %-yield NH3 0.0007 0.02

8
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Table III. Starting and Final Solution pH in
Dissolution Experiments.

Experiment Starting pH Final pH

Variation
0.01 tCNaOH 12.0 11.6
0.1 tCNaOH 12.9 12.4
1.0 tCNaOH 14.0 13.4

I #[NA*] (as Na2S04)
0.1 tCNaOH 12.9 12.4

SST Simulant Salts
stirred 13.0 13.0
static 13.0 12.9

Gamma Pit
irradiated 13.0 12.9
control 13.0 12.9

SST- Single-shelltank.

9
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Very little dissociation of free cyanide occurred in the pH 14 experiment; the
maximum[CN:] is about 6 ppm (2.31 x 10.4 M) compared with about 2000 ppm
(3.58 x 10"" M) Fe. The increase in [CN'] roughly parallels the [Fe]
increase.

Experiments were performed in which the sodium ion concentration was
maintained at 1.0 N by addition of Na2SO4 or NAN03to determine if the sodium
ion concentration influences the dissolution of ferrocyanide. Trends in
solubility as pH is varied at 1.0 N [Na+] are similar to those observed for
solutions of different sodium ion concentrations. For experiments conducted
at the same inttia] pH, the extent of dissolution tends to be lower at higher
[Na+]. Dissolution is greatly suppressed at pH 13 when 6 M Na+ (as the
nitrate salt) is present. This may be due to the influence of a commonion
effect.

Experiments were also done to probe the influence of anions that Would be
present in the SSTs. Vendor-prepared material was dissolved in an aqueous
solution of SST simulant salts (sodium salts of nitrate, nitrite, hydroxide,
phosphate, carbonate, and sulfate) to give 1.0 M Na*. The starting solution
had an initial pH of 12.8 and was adjusted to pH 13. Results from these
experiments showed that ferrocyanide dissolved faster in the pH 13 SST
simulant salt solution than in either of the other pH 13 solutions. Whereas
Na2SO,and NaNO3 suppressed dissolution, addition of SST salts enhanced
dissolution. The enhanced rate of dissolution with SST simulant salts is
thought to be due to buffering of the solution by phosphate. Data in
Table III, which shows starting and final pH values, support the role of
buffering.

Because the tank contents are not being actively mixed, an experiment
investigatingthe dissolution of the vendor-preparedNa_NiFe(CN)6in the
presence of SST simulant salts was conducted under statlc conditions. The
experiment was conducted in Teflon® labware at pH 13 with simulant salts added
to give I M [Na+]. To minimize disturbance,the solution was sampled less
frequently (24-hour intervals)than the stirred solutions. Prior to each
sampling, a 5-second stirring was required to ensure a homogeneous solution
phase. As expected, the rate of dissolution is slower in the static solution.
Nevertheless,appreciabledissolutionoccurs. About 40% is dissolved after 24
hours with no stirring and 90% dissolution is observed after 6 days.

In an initial screeningexperiment, it was found that gamma radiation
does not appear to greatly affect the dissolution reaction. Similar rates
were observed in unstirred irradiatedand control solutions. A more complex
mixture of iron cyanides in the insolublefraction of the gamma radiation
experiments is obtained, suggesting the possibility that an iron cyanide
species re-precipitatesfrom solution. Further work is needed to determine
the identity of this species.

Solubilizationexperimentswill be completed in fiscal year 1993.
Dissolution of C_NiFe(CN)6 and the temperature dependence of the dissolution
of flow sheet Na2NiFe(CN)6in aqueous base will be investigated. More
extensive gamma pit experimentsare planned. Studies of ferrocyanide
hydrolysis and the effects of high ionic strength and gamma radiation will
also be conducted.

10
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Deqradation Qf Water-Insoluble Organics

Finally, drawing upon limited experimentaldata and a diverse array of
literature,a case can be made that organic chemicals of the types utilized in
waste management and chemical processing are, in general, not stable in the
alkali radioactiveenvironmentof the tanks with respect to degradation
products or other adducts. In most cases these reactions appear to take place
slowly, but certain reactions appear to be quite rapid.

Radiolysisof water and nitrates generates reactive radicals that attack
organic and inorganic species,making organic radicals, inorganic radicals,
and higher valent metal ions (exceptfor solvated electrons and hydrogen
radical, which reduce many transition metals to lower valent states) (13-15).
Some conditionsreduce the role of e" and hydrogen radical. Oxygen and
gaseous nitrogen oxides scavenge e" and hydrogen radical at near diffusion
limits, so if tanks are air saturatedor have dissolved gases of nitrogen
oxide, then such reactions should be significant. Products so produced are of
intermediateoxidation states and may be further oxidized or reduced depending
on the constituentsin the tanks. For example, species such as 02, and HO2
reduce transitionmetals such as Fe(III)while oxidizingmany classes of
organic compounds.

Numerous competing reaction pathways are possible. Which pathway will
dominate depends on the conditions in the tanks. These pathways are
illustratedin Figure I. Initiationof redox chain oxidations and
radical-inducedcrosslinkingby direct radiolysis of organic phases will
receive serious evaluation as part of the program to resolve the organic waste
safety issue at the Hanford Site (16).

The very low solubility of normal paraffin hydrocarbon (NPH) in high
ionic strength aqueous solutions suggests that direct attack by
aqueous-derivedoxidizing radicals should not be favorable except for
ionizationevents that occur at interfaces between aqueous and organic phases
or organic and solid phases. In presence of oxygen, autoxidationchain
reactions are possible in which hydroperoxidesare initiallyproduced and
continue to react yielding alcohols, ketones, acids. Fragmentationof alkyl
chains will occur via alkoxy radical intermediates. Organic-soluble
transition metal complexes catalyze autoxidation. The generation of acetone
from hexone is illustrated in Figure 2. Acetone is a ubiquitous material
found in the condensate from w_ste volume reduction processes (by
evaporation).

Certain transition metal ions Ze.g., Cu(II), Fe(III), Cr(III), Cr(IV),
Mn(III), Co(III), U(?), etc.] can oxidize radicals such that, even if oxygen
concentrationsare low, NPH could be oxidized via a redox chain reaction,
instead of crosslinked. Oxygen, hydroperoxides,and peroxides are needed to
recycle lower valent metals to upper valent states. Alternatively, if lower
valent metals are transported to aqueous phase, then they would be oxidized by

aqueous phase radiolysis intermediates(e.g., 0", NO3., H_02). Transport back
to the organic phase would propagatethe redox chain reaction.

Work on waste simulantswill be initiated later this fiscal year.
Extensive efforts to speciate the waste degradationproducts found in the
wastes are also under way.

11
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Figure 1. ProposedRoutes for the Degradation of Hydrocarbons.
R and R' represent groups ranging from H to C35n-alkyl.
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Figure 2. Proposed Routes for the Degradation of Hexone.
X0. represents oxygen-centered radica]s generated

by radiolysis, i.e., 0"., H0., N03., etc.
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CONCLUSION

Evidence presented in this report suggests that the risk of an exothermic
reaction of NO; or NO; with ferrocyanides or certain organics in Hanford Site
high-activity waste tanks is lower then previously projected. Risk is
decreased because of degradation (aging) in the tanks over the extended
storage period.

Evidence to support these preliminary conclusions comes from tests with
analogs of the materials in the tanks (i.e., simulated wastes) and in tests
with actual tank waste. Such studies have demonstrated that the reactivity
and energetics of potentially reactive species are lower then expected both in
systems containing ferrocyanide salts and in those containing "complexant
concentrates." The results of tests on actual wastes, either cores or "grab"
samples, have demonstrated a generally lower reactivity for actual complexant
or ferrocyanide wastes (17,18) than fcr freshly made simulants.

Finally, all tanks sampled to date contain a sufficiently large quantity
of water that propagation reactions are highly unlikely, even if one assumes a
100% probability of initiation of an exothermic reaction. Although much work
remains to be done, these results are encouraging.

Note: Teflon® is a trademark of E. I. du Pont de Nemours & Company.
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RECENTRESULTSFROMCHARACTERIZATIONOF
FERROCYANIDEWASTESAT THE HANFORDSITE

B. C. Simpson, H. Babad and R. J. Cash
Westinghouse Hanford Company

ABSTRACT

Public Law 101-510, Section 3137, "Safety Measures for Waste Tanks at
Hanford Nuclear Reservation," (]) requires that Westinghouse Hanford Company
develop plans to resolve safety issues for tanks that could experience
excessive temperature changes or pressure increases, resulting in a release of
radioactive material from any high-level waste tank at the Hanford Site.
Fifty-three tanks have been identified and categorized by tank contents.
These include tanks that (a) contain ferrocyanide compounds, (b) have the
potential for flammable gas generation, (c) contain organics, or (d) have
high-heat loads.

The ferrocyanide and hydrogen gas safety issues have been declared
unreviewed safety questions (USQs) because postulated accident scenarios may
fall outside safety envelopes defined by existing safety analysis
documentation (2). Both USQ issues were reported at Waste Management '92 (3,
4). Detailed research has been conducted to provide insight into the severity
of the ferrocyanide tank safety issue. Work included waste characterization
and investigation of the energetic behavior of ferrocyanide waste material.
The data presented will focus on "In-Farm" simulant studies and information
from tank 241-C-112, core samples 34 and 36.

BACKGROUND

Radioactivewaste from defense operations has been accumulating in
undergroundhigh-level waste tanks at the Hanford Site since the mid-lg40's.
There are 177 waste tanks: 149 single-shelltanks and 28 double-shell tanks.
Over the years, waste has been systematicallytransferredamong the various
tanks. The two primary objectivesof waste management operations were to
segregatedifferent types of waste and to reduce the need for additional tanks
by concentratingthe waste. With the increasedemphasis on defense materials
production in the early Ig50's, tank space was at _ premium, lt became
necessaryto increase the available waste tank storage volume while minimizing
the constructionof new tanks. A method was developed that disposed large
volumes of low activity liquids to engineered disposal sites" cribs and
trenches. The treatment involvedthe 137Csand 9°Srdecontaminationof uranium
recovery plant waste using ferrocyanidein a carrier precipitation process.
This treatmentwas used both on the U-Plant waste effluent and on selected
wastes that had been previously discharged to the tanks. As a result of this
process, occupied waste volume in the tanks was greatly reduced, while
minimizing the amount of long-lived radionuclidesdischarged to the ground.
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Tank C-]12 was the 1ast in a three-tank cascade. It was constructed of
reinforced concrete with a carbon-steel liner and had a nominal capacity of
2 million liters (530,000 gallons) (refer to Figure l). The first waste
received in tank C-112 was first-cycle decontamination waste from the bismuth
phosphate process (1946-1952). These tank wastes were disposed to the ground
in 1952, leaving a 57,000-liter (15,000-gallon) heel. The tank was refilled
with unscavenged uranium recovery (UR) waste in 1953 and 1954. In late 1955
tank C-112 was essentially emptied. The tank was then used for settling
scavenged fercocyanide waste until 1958. During fercocyanide-scavenging
operations, waste was not cascaded through the C-110, -111, -112 tank series.
Tank C-112 received the waste slurry in direct transfers from the process
vessel.

Beginning in Ray 1955, unscavenged UR waste already stored in tanks at
the chemical processing facilities at the 200 East Area of the Hanford Site
was routed to the 244-CR vault for scavenging (refer to Figure 2). The
244-CR vault facility contained stainless steel tanks with chemical addition,
agitation, and sampling capabilities. The pH was adjusted with HNO3 and/or
NaOHto pH 9.3 ± 0.7, and Fe(C_)__ and Ni .z ion were added (generally to
0.005 M each) to precipitate '_'Cs. If laboratory analysis of the feed tank
indicatedadditional "_Srdecontaminationwas necessary, calcium nitrate was
also added (5). Additionally, there was an effort to scavenge 6_Cowith Na2S.
The scavengedwaste was then routed to another tank for settling, sampling,
and decantation to a crib. The primary settling tanks for this "In-Farm
scavenged" waste were C-I08, -109, -111, and -112. The first transfer of
scavenged waste for settling was in the fourth quarter of 1955. In-Farm
scavenging was completed in December 1957.

Available chemical process informationindicates that there were three
significantlydifferent types of ferrocyanidewaste. Nonradioactivewaste
simulants have been developed and tested using this information. The U-Plant
ferrocyanidewaste, accounting for ~ 70% of the total ferrocyanidewaste, was
formed from treatment of the U-Plant uranium recovery flowsheet effluent.
This effluent had relatively large amounts of inert solids in the waste
stream; thus, this waste is quite dilute in ferrocyanide. U-Plant waste
simulantsdo not exhibit any propagatingexothermic activity when examined by
differential scanning calorimetry (DSC), even when dry. However, a heat of
reaction can be determined by examining a large sample using adiabatic
calorimetry. T-Plant ferrocyanidewaste, accounting for ~ 10_ of the total
ferrocyanidewaste, is a variant of U-Plant waste. The U-Plant scavenging
scheme was used on bismuth phosphate first cycle decontaminationwaste instead
of UR waste. T-Plant waste is expected to possess energetic behavior similar
to U-Plant waste; however, no simulant studies of this waste have been
performed to date. In-Farm ferrocyanidewaste, accounting for ~ 20% of the
total ferrocyanidewaste, was formed from treatment of waste that was already
in the tanks. Most of this waste had less inert solids in the waste stream;
thus, it is believed to be more concentrated in ferrocyanidethan the U-Plant
waste. Table I compares the values for selected analytes between the C-112
materials and the In-Farm simulants. In-Farm simulants exhibit propagating
exothermic activity when examined by differentialand adiabatic scanning
calorimetry. The waste in tank C-112 was produced using the In-Farm flowsheet
process.
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FigureI. TypicalSingle-Shell Tank.
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Figure 2. FerrocyanideProductionby "In-Farm" Flowsheet.
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Table I. Tank 241-C-112 Comparison of Waste Materials
with Simulants" (]3).

Analyte In-Farm Core 34 Values Core 36 Values
Simulant
Values

i

Ni (pg/g)b 27,600 Quarter segment Quarter segment
range: range:
22,000-28,300 900-23,000
Composite value: Composite value:
30,000 12,800

Ca (pg/g) 36,400 Quarter segment Quarter segment
range: range:
21,700-28,200 2,100-28,600
Compositevalue: Composite value:
29,000 20,400

Wt% H20 41-50% Quartersegment Quarter segment
range:45-58% range:41-64%
Composite Composite
value:38% value:45%

wt% 3.4% Quarter segment Quarter segment
total carbon range:O.83 to 1.3 range:O.5 to 1.!
(wet basis) Compositevalue: Composite value:

No measurement No measurement

AH -1.05 Quarter segment Quarter segment
(cal/dryg) range: -27.4 to range: -3.3 to

-38.0 -8.9
Composite Composite
value: -33.1 value:-8.2

Density 1.5 Bulk value: Bulk value
1.5 to 1.6 1.3 to 1.6

aAgreementbetween syntheticsludge properties and observed waste
characteristicsare within the constraintsof the syntheticrecipes and
assumptionsregarding chemical behavior in the tank.

_Nickelconcentrationsare potentially biased high; values are derived
from an inductivelycoupled plasma - atomic emission spectroscopyassay,
fusion preparationperformed in a nickel crucible. However, in each case the
blank value was an order of magnitude (or greater) less than the measurement.
The fusion values are comparablewith acid digestion values,where both are
available.
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After the end of scavenging in late 1957, tank C-112 remained in active
service. However, the tank had limited activity from 1958 to the end of its
service life in 1980 and, during that time, there were no extensive transfers
of waste in or out of tank C-112. Several small transfers having relatively
high concentrationsof ""Sroccurred after 1958. From 1960-1962, tank C-112
received several transfers from the Strontium/HotSemiworks and transfers of
highly alkaline coating waste. In 1970 and 1975, there were transfers from
the C-301 catch tank and from tank C-110. During its operating history, the
tank was never subject to any of the various In-Tank solidificationprocesses;
thus, there was no formation of hard salt cake in the tank. The tank was
removed from active service in 1980. Various descriptionsof the tank's
transfer history can be found in severaldocuments; "Record of Scavenged TBP
Waste" (6) has the most detailed information. Borsheim and Simpson (7),
Anderson (8) and Jungfleisch (9) also have tank transfer data.

ANALYTICALRESULTS

Analysis of the waste shows a very small number of analytes comprising a
large portion of the waste. Water is the single largest analyte, making up
between 41-65% of the total mass. Six cations (aluminum, calcium, iron,
sodium, nickel, and uranium) constitute approximately 19-24% of the mass and
represent over 90% of the total cations. Two anions (NOz and NO3) constitute
approximately12.5% of the mass and represent over 65% of the total anions.
The total carbon in the waste was found to be less than 1.3 wt% in every case.

Gamma scans of the core samples were performed prip_.to extrusion. The
only significantgamma emitters found in the waste was _'sC. No meaningful
regional concentrations(hot spots) of radioisotopesor fuel were detected
along the vertical axis in either core Chemical analysis of the samples
showed the 137Csconcentrationwas relatively constant between core 34 and
core 36, and the regions with high nickel concentrationscorrelated with the
137Cspeaks in the gamma scans. These observationsare consistent with the
historical informationregarding the ferrocyanide-scavengingprocess, the
gamma activity pattern obtained from the scans, and the inductivelycoupled
plasma-atomicemission spectroscopycation distribution through the quarter
segments. The other major source of radiologicalactivity was 9°Sr,which had

a very skewed distribution between core _4 and core 36, probablyarising fromthe later waste transfers into tank C-]]_. The relatively high 9uSr
concentrationsare believed to be a local phenomena because the bulk waste
temperature in the tank obtained from two thermocouples is 29 °C (85 °F) and
heat load calculationsusing the higher _Sr concentrationsdo not reflect the
tank waste temperaturemeasurements. The radiologicalactivity of tank C-112
waste material was relatively low (ranging from 0.15 - 2 R/hr, measured
through the drill string). No significantradiologicalactivity was found in
the drainable liquid in the tank or in the water or acid digestion of the
samples. This suggests that the radionuclideswere relatively insoluble.
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WASTEENERGETICS

Estimatesof tank waste reactivity developed after the ferrocyanideUSQ
was declared were based on thermodynamicestimates (10). Several chemical
reaction pathways were evaluated and heats of reaction determined for each
possible reaction from the published heats of formation of the reactants and
the products. The theoreticalheats of reaction ranged in value from _ =
-9.62 kJ/g of Na2NiFe(CN)6 to _SH= 19.66 kJ/g of NazNiFe(CN)6and are listed
below with their correspondingchemical reactions.

(Eq 1) NazNiFe(CN)6 + 54NaNO_+ 22HzO
>.... 6NazCO3 + FeO + NiO + 60NO2 + 44NaOH

_1 --19.66 kJ/g of NazNiFe(CN)6

(Eq 2) Na2NiFe(CN)6 + 14NANO3 + 2H20
.... > 6Na2CO3 + FeO + NiO + 20NO + 4NaOH

AH = -0.71 kJ/g of Na2NiFe(CN)6

(Eq 3) Na2NiFe(CN)6+ 9NaNO3
....> 5.5NazCO3+ FeO + NiO + 7.5N20+.5C02

LSH= -6.79 kJ/g of NazNiFe(CN)6

(Eq 4) NazNiFe(CN)_+ IONaNO3
....> 6Na2CO3 + FeO + NiO + BN20 + 4NO

L_H= -5.74 kJ/g of NazNiFe(CN)6

(Eq 5) Na2NiFe(CN)6+ gNaNO3
....> 4NazCO_+ FeO + NiO + 6Nz+ 2C02

L94= -9.62 kJ/g of Na2NiFe(CN)6

At temperaturesbelow 1700 °C the carbonate product is thermodynamically
favorable and should predominate (10). Note that considerablylower values
are obtained if the reaction is incomplete,or if NO or NO is formed rather
than N2 or N20. A three-componentdiagram illustrati 2ng the exothermic
potential oF various mixtures (in weight percent) of ferrocyanide, nitrate,
and inerts is presented in Figure 3.

Next, waste simulantswere prepared using the In-Farm and U-Plant process
flowsheets and tested for chemical activity. Chemical and physical analyses
of the In-Farm and U-Plant waste simulantsshows that they contain about 50
and 65 wt% water, respectively,after centrifugationat 2,500 g. The
centrifugationwas done to represent 30 gravity-yearsof compaction that may
have occurred during storage. This amount of water in the waste matrix
presents a tremendous heat sink that must be overcome before any reactions can
take place. During the DSC examinations,the samples exhibited very large
endotherms.Results from thermogravimetricanalyses being run at the same time
showed a large loss of mass (i.e., evaporation of water), thus reactionswere
only able to take place in dry or nearly dry sample material. Total carbon
content of the waste simulants (based on all carbon present bound in
ferrocyanide)is approximately3.4 wt%. Table II presents the Lg_found for
some various simulant materials.
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Figure 3. Ferrocyanide Tank 3-Component Diagram.
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Table II. Heats of Reaction of Various Simulants.

Material AH (by adiabatic calorimetry)

Na2NiFe(CN)6 -945 cal/g of dry material

U-Plant-2 simulant -84 cal/g of dry material

In-Farm-1simulant -250 cal/g of dry material

The onset temperaturesfor the reactionsto take place in the simulants range
from 244 to 278 °C (12).

In April 1992, three core samples of waste were obtained from
tank C-112, a tank considered to contain one of the highest concentrationsof
ferrocyanide. All three cores were broken down into smaller subsegments and
examined for reactivity using DSC; none of the samples exhibited any
propagating behavior. The samples had a moisture content ranging from 41 to
64 wt% and a Z_Hranging from -3.3 cal/g of dry material to -38.0 cal/g dry
material. The onset temperaturesfor the exotherms ranged between 275 and
290 °C, close to that predicted by the simulants. Further chemical analysis
indicatesthat the waste material has a total carbon content of less than
1.3 wt%. This value is much lower than expected from the simulant
formulationsand, correspondingly,tank C-112 waste material is not as
energetic as the analogouswaste simulants. Tables III and IV present the key
analytes as they relate to the energeticproperties of the waste.

Table III. Tank 241-C-112Core 34 Key Analytes.

Quarter 137Cs 9°Sr Wt% Total Wt% Heat of
Segment (#Ci/g) (/JCi/g) Carbon Water Reaction

(cal/g waste)
dry basis

ID 240 1300 1.3 45 No measurement

2B 610 4900 0.8 53 -38.0

2C 800 1100 0.8 58 -27.4

2D 510 2500 1.1 52 -31.8

Composite 750 2500 No 38 -33.1
Measurement
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Table IV. Tank 24]-C-112 Core 36 Key Analytes.

Quarter IS7Cs 9°Sr Wt% Total Wt% Heat of
Segment (/_Ci/g) (/_Ci/g) Carbon Water Reaction

(cal/g waste)
dry basis

1C 560 1go0 1.1 4g - 3.3
lD 1200 15 1.0 58 -8.9
2A 880 20 0.9 57 -5.8
2B 530 70 0.5 41 -3.8
2C 100 140 0.6 64 No exotherm
2D 40 200 O.5 56 No exotherm

Composite 790 510 0.7 45 -8.2

Thermodynamic and kinetics (propagation)studies are bounding the
reactivity of the ferrocyanide/oxidizerreactions. Results indicate that
U-Plant ferrocyanidewastes cannot create a propagating hazard; T-Plant waste
is expected to behave similarly. Ferrocyanidewaste made by the In-Farm
flowsheet, representing20% of the ferrocyanideinventory added to the tanks,
is more reactive. However, moisture precludes a reaction if the In-Farm waste
contains at 12 - 15 wt% water.

Indicationsfrom core 34 data show that material has physical and
chemical properties correspondingto those expected for ferrocyanidewaste.
Water content, nickel, calcium concentrations,and density values are
consistentwith the simulant values. Indicationsfrom core 36 data show that
the material appears to have ferrocyanidewaste overlying a bismuth phosphate
first cycle decontaminationand/or_ranium recovery waste heel. The

concentrationof nickel, calcium, 1_rCs,and uranium as a function of depth
appears to confirm this observation. In addition,this behavior is consistent
with historical information. However, in both cases DSC results from the
suspected ferrocyanidewaste in tank C-112 indicate that the material is not
as energetic as the correspondingwaste simulant. Figures 4 through 7
illustrate the concentrations/magnitudesof the various key analytes as a
function of depth. Results of aging studies now underway on flowsheet
simulantsmay demonstratethat radiolytic,hydrolytic, and thermal processes
in the tanks, over the last 35 years, have combined to dissolve, dilute, and
destroy the reactive ferrocyanidecompounds. The data from tank C-112
indicate that the waste lacks the fuel to sustain any propagating exothermic
behavior and a heat source intense enough to trigger a reaction.

Experimentaland analytical evidence indicates that the potential risk
of storing ferrocyanidecompounds in Hanford Site high-level waste tanks is
considerably less than postulated earlier and that the consequencesof an
event have been significantlyoverestimated.

IO
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Figure 5. C-112 Core 36: Radionuclides as a Function of Depth.
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Figure 6. Core 34: Water and Fuel Content as a Function of Depth.
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Figure 7. Core 36" Water and Fuel Content as a Function of Depth.

r-
o

Cd

r

12-1gl

0
t,,-

Q

0
tri

i=
@
u
lm.

0
l n
! 4m,m

O .C
.m

@

o

o

14



WHC-SA-I70]-FP

REFERENCES

I

]. National Defense Authorization Act for Fiscal Year 1991, Public
Law ]OI-BIO, Section 3137, "Safety Measures for Waste Tanks at Hanford
Nuclear Reservation," (1990).

2. 53 FR ]244g, "Record of Decision for the Final Environmental Impact
Statement for the Disposal of _anford High-Level Transurantc Waste,"
Washington, D.C. (1988).

3. H. BABAD,R. J. CASH, and A. K. POSTMA, "Progress in Evaluating the
Hazard of Ferrocyanide Waste Storage Tanks," WHC-SA-]36g-FP, Westinghouse
Hanford Company (]992).

4. H. BABAD,G. D. JOHNSON,D. A. REYNOLDS,and D. M. STRACHAN,
"Understanding of Cyclic Venting Phenomena in Hanford Site High-Level
Waste Tanks: The Evaluation of Tank 24]-SY-10]," WHC-SA-]364-FP,
Westinghouse Hanford Company (1992).

5. R.J. SLOAT, "In-Farm Scavetlging Operating Procedure and Control Data,"
HW-38955, General Electric Company (]955).

6. General Electric, "Record of Scavenged TBP Waste," General Electrtc
Company (1958).

7. G.t. BORSHEIMand B. C. SIMPSON, "An Assessment of the Inventories of
the Ferrocyanide Watchlist Tanks," WHC-SD-WM-ER-]33Rev. O, Westinghouse
Hanford Company (1991).

8. J.D. ANDERSON,"A History of the 200 Area Tank Farms," WHC-_R-O]32,
Westinghouse Hanford Company (1990).

g. F.M. JUNGFLEISCH, "Preliminary Estimation of the Waste Inventories in
Hanford Tanks Through ]980," SD-WH-TI-057, Rockwell Hanford Operations
(]g84).

]0. S. A. COLBY and M. D. CRIPPEN, "Graphical Presentationof Ferrocyan|de
Tank Compositions,"WIIC-SA-I304-FP,WestinghouseHanford Company, (IggI).

]]. R. D. SCHEELE, L. L. BURGER, J. M. TINGEY, S. A. BRYAN, G. L. BORSHEIM,
B. C. SIMPSON, R. J. CASH, and II.H. CADY, "Ferrocyanide-Conta|nlngWaste
Tanks: FerrocyanideChemistry and Reactivity,"PNL-SA-]gg24,Pacific
Northwest Laboratory (]99]).

I

]2. H. K. FAUSKE, "AdiabaticCalorimetry and Reaction PropagationRate Tests
with Synthetic FerrocyanideMaterials IncludingU Plant-l, U Plant-2,
In-Farm-l, In-Farm-2 and Vendor-ProcuredSodium Nickel Ferrocyanlde,"
WHC-SD-WM-RPT-054,Rev. O, WesLinghouseHanford Company (]992).

13. J. J. WONG, "Test Report on Characterizationof Hydraulic and Thermal
Properties of Simulated FerrocyanideSludges," WHC-SD-WM-TRP-I02,
WestinghouseHanford Company (]992).

15



_) lm

4,d

W
w (_ Q.q)

C
D mm

.__=

LI.
.._;= 0
0 _._

U
L._

_ • o
ES.=

I

•_. _ 0 _

F=

V7-1



WHC-SA-1671-FP

RESOLVINGTHE SAFETYISSUE FORRADIOACTIVEWASTETANKS
WITH HIGH ORGANICCONTENT

Harry Babad, Monte D. Crippen, and David A. Turner
Westinghouse Hanford Company

Mark A. Gerber
Pacific Northwest Laboratory

ABSTRACT

An overview of the Waste Tank Safety Organic Program is provided. The
overview discusses the history of the wastes containing high concentrationsof
organics, existing safety criteria associatedwith those tanks, and details of
thermodynamicstudies by WestinghouseHanfordCompany bounding potential
reactivity. The program to be discussed contains the elements of the
collection and analysis of tank historical information;reevaluationoi
organic tank-listingcriteria;the performanceof detailed studies on
simulatedwaste; completion of waste characterizationfor each affected tank;
and, as part of issue closure, the preparationof short-term and long-term
safety and risk assessmentsbased on results from characterizationand the
waste simulant studies. This document reports on a number of simplified
thermodynamiccalculationsthat were performedto ascertain combustion limits
for simple surrogatesof organic materials in a nitrate-nitritecontaining
alkaline waste. For expected waste species, the results of these calculations
indicate that the range of reactivity encompassesenergies that vary only by a
factor of three over the range of normal paraffin hydrocarbon (NPH) (a fuel
rich solvent) to sodium oxalate (a degradationproduct resulting from in situ
organic complexantdestruction in Hanford Site wastes). Quantificationof
sodium oxalate in actual tank 241-SY-I01waste is in progress. Data on
simulated waste studies by Georgia Instituteof Technology identified sodium
oxalate as a primary degradation product in the decomposition of complexants
(I, 2, 3). A summary is also provided of a detailed analysis by the Pacific
Northwest Laboratory (PNL), based on the available chemical literature, of
mechanisms by which organic materials added to the waste tanks could have
become more concentrated,therefore increasingpotential fuel value and
reactivity cf the waste.

BACKGROUND

Radioactivewaste from defense operations has been accumulatingin
undergroundwaste tank_ at the Hanford Site since the early Ig40's. There are
177 waste tanks: 149 single-shelltanks and 28 double-shelltanks. Over the
years, waste has been systematicallydisposed of among the various tanks. In
this process, Lhe two primary objectiveswere to segregate different types of
waste and to reduce the need for a_Jitional tanks by concen_:atingthe waste.
In addition to the fission products created by the processing of irradiated



WHC-SA-1671-FP

fuel, the major constituentsof the waste are sodium nitrate; sodium nitrite;
metal silicates; aluminates;hydroxides,phosphates, sulfates, carbonates of
iron, calcium, and other metals; a variety of organic materials; ferrocyanide;
and uranium salts.

The presence of organicchemicals in the Hanford Site waste tanks became
an issue needing reevaluationwhen informationbecame available on the
deflagrationof a waste tank in Kyshtym, U.S.S.R.,which occurred
September29, 1957 (4). The Soviet tank event occurred because cooling was
disrupted; the aqueous salts evaporated to dryness; and the mixture of
oxidizingsalts and organic chemical waste self-heatedto deflagration-
initiatingtemperatures. The constituents in the tank that caused this
incidentwere sodium nitrate and sodium nitrite mixed with sodium acetate.
The chemical safety issue associatedwith the Hanford Site organic-containing
tanks is the possibilityof exothermic reactions occurring because of the
presence of heated organic waste componentsmixed with oxidizing salts
(e.g., sodium nitrate and sodium nitrite) under conditions of low moisture.

The potential for reactions of nitrate with organic constituents stored
in Hanford Site waste tanks has been studied. For example, a paper published
in April 1976 described some combustion screening studies with sodium
nitrate (5). However, in keepingwith the concerns at that time, this work
was directed toward the oxidative power of sodium nitrate rather than the
reactivity of specific organic tank waste chemicals.

A screening study was conducted at the Hanford Site in 1989 (4).
Twenty-six tests were performed to study the reactivity of mixtures containing
various proportions of sodium acetate, sodium nitrate/sodiumnitrite, and
diluents. The results were used to define an upper limit for organic carbon
constituentsin the waste. The limit was defined as I0 percent organic
calculated as sodium acetate (sodium acetate equivalent). This correspondsto
3 percent total organic carbon (TOC). The latter is the present Organic Tanks
Watchlistcriteria. The results of this study, along with process engineering
knowledge, form the basis for placing waste tanks on the Organic Tanks
Watchlist. Three percent TOC (dry weight basis) was formally established as
the safety specificationfor single-shelltanks containing organic materials.
Processengineering knowledge involves evaluating process flow sheets, the
waste inventorydatabase, and other plant records. Eight single-shelltanks
were identified as possibly having an organic content in excess of the
3 percentTOC threshold concentrationand were placed on the list. These
tanks are identified in Table I.

Process engineeringknowledge of waste composition,rather than actual
assay results, is required because of limitationsin the historical records.
The most accurate records generally were maintained for the radioactive
constituents. In the past, the need for detailed chemical constituent
informationwas not anticipated. Thus, it is not precisely known what
chemicals actually went into the tanks, what chemicals remain in the tanks,
and what chemicals have been formed from reactionsbetween stored waste
components. Without this information,process knowledgehad to be used to
obtain a conservativelisting for the Organic Tanks Watchlist. Table II lists
the organic and sodium nitrate/nitriteconcentrationsin the Organic Watchlist

I
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Table I. Organic WatchlJst Tanks.

Single-shelltank Sources of waste

C-I03 PUREX and insolublestrontium-rich
sluicing solids (this tank contains
a separate floating layer of organic
solvents)

B-103 First and second cycle waste from B Plant
and in-tank solidificationand waste
evaporator bottoms*

S-102 REDOX process

SX-i06 Salt waste and first cycle condensate
from REDOX and evaporator bottoms

TX-I05 and -118 Tributyl phosphate process waste and
U-I06 and -107 242-T Evaporator bottoms

* The in-tank solidificationand the evaporatorswere used to gain additional
tank space by concentratingdilute radioactivewastes produced in Hanford Site
processes and disposing of the resultingnonradioactivewater.

PUREX = Plutonium-UraniumExtraction.
REDOX = ReductionOxidation.
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Table II. Organic and SodiumNitrate/Sodium Nitrite Concentrations
in Organic Watchlist Tanks.

Tank SodiumAcetate NaNO3 and NaNOz Data Source
Equivalent (wt.%dry)
(wt.%dry)

_ iiii i

B-lO3 11.4 60.5 SD-WM-TI-_571
S-I02 21.0 41.0 RHO-SA-51"
SX-106 14.6 80.9 SD-WM-TI-0571
TX-105 12.8 52.7 SD-WM-TI-_571
TX-118 20.2 50.4 RHO-SA-51_
U-106 46.6 52.4 RHO-SA-51z
U-lO7 14.7 75.4 SD-WM-TI-0571

_F. M. Jungfleisch, "Preliminary Estimates of the Waste in Hanford Tanks
Through 1980," SD-WM-TI-057, Rev. O, Rockwell Hanford Operations (1984).

2W.W. Schulz, "Removalof Radionuclides from Hanford Defense Waste
Solutions," RHO-SA-51,Rockwell Hanford Operations (1984).
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tanks on a dry weight basis. The double-shell tanks that contain mostly
aqueous waste were not included because they present no credible organic
deflagration-related safety concern.

Public Law ]01-510, Section 3137, "Safety Measures for Waste Tanks at
Hanford Nuclear Reservation," (6) requires that Westinghouse Hanford Company
develop plans to resolve issues for tanks that could lead to excessive
temperature changes or pressure increases or a release of material from any
high-activity waste single-shell tank or double-shell tank on the Watchlist at
the Hanford Site. Fifty-three tanks have been identified and categorized by
tank contents. Categories include those tanks that (a) contain ferrocyanide
compounds, (b) have the potential for flammable gas generation, (c) contain
organics, or (d) have high-heat loads. These form four distinct, but related,
programs. Logic for the resolution of these safety issues, as well as
candidatetechnologiesfor resolution or mitigation of the safety issues,
shows a large degree of commonalityamong the programs (7). Discussionsof
the flammable gas and ferrocyanideprograms were reported at Waste
Management 'g2 (8, 9). In addition, three of the organic tanks also are
included in the flammablegas or ferrocyanidetanks program, as shown in
Table III.

This paper addresses the research, development,characterization,and
analysis activities that have resulted in initial insight into the severity of
the organic tank safety issue. Ultimately, the completion of these activities
will lead to the resolution of organic safety issues.

PROGRAMSCOPE

Activities associatedwith organic tanks safety issue resolution include
the following:

° Collection and analysis of tank historical information

° Reevaluationof tank-listingcriteria for tanks on the Organic Tanks
Watchlist

° Simulated waste studies

- Test surrogatewaste mixtures for chemical reactivity and shock
sensitivity. Surrogates are simple benchmark compounds that
representorganic reactivity and fuel richness spectrum.

- Test simulatedwaste mixtures, approximatingtank compositions
for chemical reactivity and shock sensitivity (thermodynamic
and kinetics studies).

- Identify and evaluate waste aging (e.g., in situ organic
oxidation) and concentration (e.g., enrichment) mechanisms.
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Table III. Tank Waste Volume and Temperature.

ORGANIC TANK WASTE
w

Tank Total waste Liquid Sludge Salt cake Baseline
kgal kgal kgal kgal temperature

°C (°F)

C-1031 195 133 62 0 52 (126)
B-103 59 0 59 0 17 (62)
S-1022 549 230 4 315 43 (109)
SX-106z'3 538 255 12 271 43 (109)
TX-105 609 20 0 589 39 (102)
TX-]]84 347 27 0 320 23 (74)
U-106 226 83 26 117 29 (84)
U-]07 406 178 15 213 27 (81)

1Containsa floating organic layer containing mostly normal paraffin
hydrocarbonand tributyl phosphate.

2Tankswith the potential to accumulate combustible gases.
3Also ventilated with exhaust fan through SX-]O9. Tanks without this

note are only ventilated passively through high-efficiencyparticulate air
filters.

4A ferrocyanide-containingtank.
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• Waste characterization

- Develop organic chemical constituent and functional group
analytical methods for high-activity waste matrices.

- Complete chemical characterization of waste samples obtained
from taking cores from the Watchlist tanks.

- Identify volatile products (possiblynoxious) resulting from
in-tank processes.

• Monitoring,mitigation, remediation

- Upgrade existing monitoring systems in the Watchlist tanks.

- Evaluate and install new monitoring systems to measure tank
waste parameters.

- Identify and implementwaste treatment processes if they are
required to mitigate or remediate tank conditions.

• Issue Closure

- Prepare short-term and long-term safety and risk assessments.
(For details on the Waste Tank Safety Program's issue
resolution strategy, see "A Strategy for Resolving High-
Priority Hanford Site RadioactiveWaste Storage Tank Safety
Issues" (7), in these proceedings.)

The sources of the organics in the single-shelltanks are listed in
Table I. Table II and III provide data on general organic tank contents and
temperatures. High concentrationsof organic compounds have been inferred
(from tank transfer and flow sheet records and limited analytical data) in
these eight single-shelltanks. The exact concentrationsof organic materials
are not yet accurately known.

Table IV contains a list of the primary organic chemicals used in waste
management and chemical processing operations that are of particular concern,
and identifies potentialdegradation products under alkaline oxidation and/or
radiolysis conditions.

Many organic chemicals are flammableand when mixed with nitrate and
nitrite salts may deflagrate if dried and heated above 180 °C. The Organic
Watchlist tanks are so designated because of their "potential for release of
high-levelwaste due to uncontrolledincreases in the temperatureor
pressure." High concentrationsof organic chemicals could support an
exothermic reaction at elevated temperatures(10). In certain scenarios
involvingoverheatingof the tank, a mixture of organic chemicals and sodium
nitrate and/or nitrite could react rapidly, possibly damaging the tank and
allowing a release of radioactivematerial to the environment. However, the
moisture contents of the tanks are relatively high, and the margin between
ignition temperaturesand measured tank temperaturesis large enough that the
probability of a reaction is considered very low.
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Table IV. Primary Organic Chemicals Used in Waste Management
and Chemical Processing Operations.

,i ii

Compoundname Use Potential degradation
products

_ .,, i i ii, i

Normal paraffin Carrier Probably carboxylic acid
hydrocarbons solvent fragments from carbon

chain cleavage

Methyl isobutyl Extraction Carboxylic acid fragments
ketone (hexone) solvent

EDTA and HEDTA Complexants Sodium formate and
oxalate and other
"intermediate"
degradation fragments

Tributyl Extraction Butyl alcohol and
phosphate solvent possibly carboxylic acid

fragments

Citric acid Complexant Sodium formate and
oxalate and other
"intermediate"
degradation fragments

Sugar Denitrating Reaction in acid leads to
agent carbon dioxide and
(PUREX Plant) nitrous gases

Di-2-ethylhexyl Complexant 2-ethylhexylalcohol and
phosphoric acid possibly carboxylic acid

fragments

Assorted organic- Decontamination Probably carboxylic acid
based surfactants operations and ethoxylated fragments

from carbon chain
cleavage

EDTA = Ethylenediaminetetraaceticacid.
HEDTA = N hydroxy-ethylenediaminetriaceticacid.
PUREX - Plutonium-UraniumExtraction.
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Tank waste temperaturesand constituentshave been reviewed to assess the
potential for exothermic reactions. Baseline temperaturesfor these tanks
range from 17 to 52 °C (62 to 126 °F), and no individual tank temperature has
exceeded its baseline by more than about 6 °C (10 °F) during the past 2 years.
Laboratory results indicate that none of the tanks could sustain exothermic
reactionsbelow 200 °C (392 °F). These data indicate that imminent exothermic
reactions in these eight tanks are not a concern. These tanks are within the
safety envelope defined by the safety analysis reports for the single-shell
tank farms.

UPPERLIMIT THEORETICALESTIMATEOF REACTIONENERGETICS

This section reports on a number of calculationsthat were performed to
ascertaincombustion limits (fuel or energy potential) for organic wastes in a
nitrate-nitritecontaining alkaline waste, lt will show, based on simplified
thermodynamiccalculations,that the (many as yet unidentified)organic
constituentsthat are in the waste tanks can be well approximated by the
measure of TOC of any given tank. Furthermore,the calculations strongly
suggestthat relatively low concentrationsof organics can lead to potentially
exothermic reactions with sodium nitrate under adiabaticconditions, lt
concludes that the guaranteed safe concentrationof organics, based only on
conservativethermodynamicconsiderations,is below present limits used at the
Hanford Site as criteria for the identificationof waste tanks placed on the
Organic Tanks Watchlist.

The work modeled the following six organic reagents or solvents, used
extensively in reprocessingplant and waste management operations,which are
of principle interest:

• Ethylenediaminetetraaceticacid (EDTA),C10H1608N2

• N hydroxy-ethylenediaminetriaceticacid (HEDTA), CIoHIBOTN2

• Citric acid, C6HBO7

• Acetic acid, C2H_O2

• Oxalic acid, C2H204

• NPH (normalparaffin hydrocarbonsor kerosene), C14H30(on average).

Because these are acid-startingmaterials, the correspondingcompounds that
actually should exist in the strongly basic tanks would be sodium salts of:

EDTA, Na4CIoH1208N2;HEDTA, Na3C10H1507N2;citrate, Na C H O; acetate, NaC2H302.. 3 6 5 7

oxalate, Na2Cz04;as well as NPH, C14H3o. Tributyl phosphate, sugar, and
hexone (methyl isobutyl ketone)were also used extensively,but because their
"fuel value" falls within the bounds described by the species listed, they
were not implicitly treated in these calculations, lt is also known that in
tank 241-SY-101 (I, 11) the salts of EDTA, HEDTA, and citrate have degraded to
form sodium oxalate and sodium formate.

For the purposes of this study, the followingapproximationswere made.
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• Hydrocarbons or essentially hydrocarbon-like chemicals can be
summarized as (CHz)n or more simply, CHz. Hexone would fall into
this category.

• Carbohydrates, sugars, EDTA, and HEDTAcan be estimated as CHzO.

• Citrate, oxalate, and formate can be estimated as CHO.

These approximations will also accommodatethe myriad degradation
products that can be imagined to also exist tn the tanks, as well as other
organic chemicals added to the tanks in smaller amounts. The following are
the combustion equations for these surrogate compounds:

(Eq 1) CHz + 1.2 NaNOz --->

0.6 NazCO3 + HzO+ 160"43C02+ 0.6 Nz= -486.8 Ks_oules (-1 . Kcal)/gmol
(Eq 2) CHzO+ 0.8 NaNO3 --->

0.4 NazCO3 + HzO+ 0.6 COz + 0.4 Nz
Z_H= -345.8 Ks_oules (-82.62 Kcal)/gmol

(Eq 3) CHO+ 0.6 NaNO3 --->
0.3 NazCO;+ 0.5 HzO+ 0.7 C02+ 0.3 Nz

_1 - -200.3 KSoules (-47.85 Kcal)/gmol

These reactions modeled are the most energetic possible because they produce
the maximumamount of sodium carbonate, carbon dioxide, and nitrogen. We did
not model oxidation reactions that produce less energy by making products such
as carbon monoxide or oxides of nitrogen. Therefore, they present the
conservative bound for our estimate. It is instructive to note several things
about this series. The energy of each reaction decreases from equations ] to
3, as does the amount of hydrogen. Conversely, the fraction of oxygen
increases from equations ! to 3. Of course, the amount of sodium nitrate
oxidizer required to complete the reaction also decreases. In effect, these
compoundsrepresented by equations 2 and 3 are already partially oxidized.

As a check, one can compare the actual combustion energy for sodium
acetate represented by"

(Eq 4) NaCzHsO2 + ].6 NANO] --->
] 3 Na.CO3 + ] 5 H20 + 0.7 COz + 0.8 Nz

Z_H= -644.2 Kjou_es (-15"3.90 Kcal)/gmol

or, putting it on the same single carbon basis"

(Eq 5) Nao.sCHl.sO+ 0.8 NaNO3 --->
0.65 Na2C03+ 0.75 HzO+ 0.35 COz + 0.4 N2

6H = -322.1 Kjoules (-76.95 Kcal)/gmol

This corresponds quite closely to the results from equation 2.

10
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The same check is made for the combustion of citric acid:

(Eq 6) C6HB07+ 3.6 NaNOz --->

. 1.8 NazCO3 + 4 H20 + 4.2 CO2 + 1.8 N2L_H -1442.2 Kjoules (-345.0Kcal)/gmol

or, putting it on the same single carbon basis"

(Eq 7) CHI.3Z3301.1(w_7+ 0.6 NaNO3 --->
-0_3 Na2CO_+ 0.6667 H20 + 0.7 CO2 + 0.3 N2

_H = -240.7 (-57.SKcal)/gmol

This corresponds reasonably closely to equation 3.

Together, these serve to confirm that equations 1, 2, and 3 are
reasonable approximations of the reactivity of the series of organic chemicals
under consideration.

The next step was to determine how much dilution by excess reactants
would just compensate for the reaction heat generated by oxidation processes.
That is, given one mole of "CH2,"how much more sodium nitrate and/or water
would it take so that the heat of reaction generated by equation I is just
absorbed by the heat capacity of sodium nitrate and/or water? For this, it is
necessary to assume some temperaturedifference,which was conservatively
taken to be the difference between the highest tank temperature observed,
approximately65 °C, and the lowest start-of-reactiontemperatureobserved in
preliminary laboratory studies, 200 °C. Over this range the heat capacity of
sodium nitrate is only 0.11Kjoules (0.0262Kcal)/gmol °C or 14.82 Kjoules
(3.54 Kcal)/gmol over the range. The heat capacity for water is 50.4 Kjoules
(12.04 Kcal)/gmol,which includes the heat capacity from 65 to 100 °C, the
heat of vaporizationto steam, and the heat capacity of steam from 100 to
200 °C. The outcome of this theoreticalevent would be that, if it could be
initiated at a specific place in a million gallon tank, the wastes at that
point would be heated to less than 200 °C. The fuel in that location would be
exhausted, the reaction could not propagateto the remaining contents of the
tank, and the heated portion of the tank would start to cool.

Given the existing tank compositions,with excess nitrate present (a lean
mixture) and the fact that the tanks are wet (>20% water present), the points
of most interest are the domains in which presence of an appropriate amount of
water and/or nitrate lead to reaction quenching. These are shown in Table V.
The TOC is also computed for each type of fuel.

At this point one could conclude that TOC is a fair and sufficient
measure of the fuel value of the organics. The combustion energy computed
from TOC varies by somewhat more than a factor of two over the range of
expected compounds, lt requires only a minimum of assumptions and shows that
the great variety of possible organic compounds can be summarized into a few
classes, lt is easy to measure in samples and is historically available.

Tests are presently underway on a series of actual organic compounds that
were added to the waste tanks to determine the effects of composition and
structureon reaction energetics, reactivity,and other parameters related to

11
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Table V. Boundaries for Reaction Quenching.

Point Fuel NaNOz HzO TOC*
(wt.%) (wt.)) (wt.%)

CalculatedTOC for "CH2" - kerosene, hexone

1ean O.503 99.50 0 O.43
damp 2.02 77.97 20.0 1.73
wet 4.97 36.20 58.83 4.26

CalculatedTOC for "CHzO"- suqar, EDTA, HI,DTA

lean 1.51 98.50 0 0.60
damp 6.07 73.93 20.0 2.43
wet 13.9 31.5 54.5 5.56

Calculated TOC for "CHO" - citrate, acetate

lean 2.53 97.47 0 1.05
damp 10.1 69.9 20.0 4.20
wet 19.8 34.8 45.4 8.19

*TOC is always reported on a dry weight basis.
EDTA- Ethylenediametetraaceticacid.

HEDTA = N-(hydroxyethyl)-ethylenediaminetriaceticacid.
TOC = Total organic carbon.

12
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evaluatingthe potential for exothermic reactions of organic materials with
excess of nitrate and nitrite salts. When the results become available later
this year, the present criterion for placing a tank on the Organic Tanks
Watchlistwill be reevaluated.

lt should be emphasized that the calculated TOC values are very
conservative. They provide a limit below which safety can be guaranteed.
Organic concentrationssomewhat higher than those identified in Table V may
also be safe because of constraintson energy generation resulting from
reaction kinetics and extent (e.g., completeness),actual waste and tank heat
transfer characteristics,and other effects in real systems.

THEORETICALORGANICCONCENTRATIONMECHANISMS

An assessmentof concentrationmechanisms for organic compounds in the
tanks was conducted by PNL in 1992 (12). The possible concentration
mechanisms were evaluated for the liquid, solid, and gas phases found in the
tanks. The evaluation primarily considered the NPH, complexing agents, and
organic-basedsurfactantsmentioned in Table IV. The conclusions reached in
the PNL study regarding the significanceof the various mechanisms are very
subjective in nature and only provide a guide to those mechanisms that warrant
further investigation.

An important element of the assessment involved evaluating the likely
degradationmechanisms for the major chemicals that produced by-productswith
distinctly different chemical and physical properties than the starting
materials, and assessing the effect of these new properties on the subsequent
waste partitioning(e.g., concentration)to adjacent phases. One of the
results of this degradationof the organics in the aqueous phase is the slow
fragmentationof the water solubleorganics into smallermolecules on a time
scale associatedwith storage of the waste (e.g., tens of years). These
smallermolecules ultimately convert to more stable carboxylic acids through a
number of intermediatecompoundsconsisting of aldehydes, ketones, and
alcohols.

Slow degradation is also observed in a separated organic phase (e.g., the
floating NPH/tributylphosphate [TBP] layer, such as is found in tank
241-C-I03). Another possibilitymight be the conversion of a portion of the
organics to higher molecular weight molecules under the action of radiation,
which tend to be water insoluble. Furthermore,radiolytic and chemical
degradationof ion-exchangeresins that were added to some of the tanks were
also considered in the study. They are expected to produce water-soluble
polyelectrolytefragments as intermediateproducts that ultimately degrade to
lower molecularweight carboxylic acids..

In the evaluation of the liquid phase(s) in the tanks, it was generally
assumedthat the primary inventoryof organics would be in the aqueous phase.
This assumption takes into account the fact that many of the chemicals added
to the tanks and the principledegradation products are at least sparingly
soluble in water. However, large quantities of hydrocarbonssolvents were
added to some of the tanks and could be present in sufficient quantities to
produce a separate organic liquid phase. These solvents invariably contained

13
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substantial quantities of the phosphate ester extractants, which would also be
in the nonaqueous organic phase. The probability of the formation of an
organic liquid phase is enhanced by the presence of high concentrations of
electrolytes in the aqueous phase, which can reduce the water solubility of
organics by at least 1 order of magnitude. For such, usually lower density
liquid phases, subsequent evaporation of the more volatile solvents and
degradation products (e.g., butyl alcohol from TBP) would deplete the organic
inventory in liquid phases, but enrich them in less volatile components.
Indeed, analysis of the floating layer in tank 241-C-103 showed that the
NPH-TBP ratio was approximately 1:3, although the solvent used in
plutonium-uranium extraction had a 3"1 composition, probably resulting from
the preferential volatilization of the NPH by the ventilation system.

In the evaluation of the solid phase found in most of the tanks,
precipitation and sorption mechanisms were considered. It was concluded that
precipitation was unlikely for most organic acids except sodium oxalate. The
latter was considered possible because it is expected to be a principal
degradation product of many of the chemicals, as previously discussed, and was
itself added in quantity to the tanks. The precipitate, if present, is
expected to be distributed throughout the solids in the tanks.

Adsorption of organics on the surfaces of the solids was found to be a
potentiallysignificantconcentrationmechanism. Surfactants and long-chain
carboxylic acids (Ca or more) are known to adsorb onto surfaces of minerals.
Under optimum c_nditions these compoundscan concentrate to as high as
7.5 (10)-° mol/m" of surface. This, in turn, can produce carbon
concentrationson the solids as high as several percent if the solids have
high surface areas. There were too many competing factors and insufficient
data to determine the likelihood of achievingthese high concentrations,but
plans to evaluate concentrationmechanisms are part of the organic program.

Absorption of the organics into the interstitialspaces of the solids was
also found to be a potentially importantconcentrationmechanism, if a tank
containing a separate organic phase was drained of free liquids. Previous
experiencewith unsaturated soils contaminatedby spills of pure organic
liquids have shown that the uppermost soils could achieve organic
concentrationson the order of severalpercent. The relevance of the soil
"sorption"model to the salt cake and sludges in the waste tanks will need to
be tested if waste degradation through aging mechanism does not dominate the
system.

INITIAL AGING STUDIES

Extensivework, as part of for the studies of tank 241-SY-101.(flammable
gas program), suggests that complexing agents such as sodium EDTA, sodium
HEDTA, and sodium citrate have undergone significantdegradation during their
storage in the Hanford Site waste tanks (8). Although the mechanistic studies
are not complete, data from studies at PNL, the Georgia Instituteof
Technology, and Argonne National Laboratoriessuggest a complex step-wise
degradation of these complexantsto simpler, more highly oxidized chemicals,
with the concurrent generation of hydrogen,nitrous oxide, and ammonia. There
is no evidence to believe that such an aging mechanism would not be generally
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applicable to all complexant-containinghigh-activitywaste tanks at the
Hanford Site. An example of a simplified summary equation is provided below.
Detailed summariesof this work are reported by Ashby et al. and Meisel et al.
(found in Schultz and Strachan [I] and Strachan [2, 3]) and are partially
discussed in Strachan et al. (11).

Eq (8) Na_C1oHI20aN2+ 6 H20 + 6 NaOH --->
5 Na2C204+ 2 NH3 + 12 H2

CONCLUSIONS

Closure of the organic issue followsthe stra'tegydefined for closure of
all priority waste tank safety issues,discussed i_ a previous paper at this
symposium (7). Issue closure will become possible by either demonstrating the
absence of a dangerous inventoryof organic materials in the tank (intrinsic
safety); demonst_atinga lack of a dangerous concentrationof reactive organic
in the tank (passivesafety), or demonstratingthat tank conditions prevent
the possibilityof an uncontrolledexothermic reaction between nitrate and
nitrite salts and the organics (controlledsafety).

In the interim period, while collecting the data to support closure of
the safety issue, administrativeand technical controls remain in place to
restrict activities that could cause undesirableexothermic reactions. While
the the probabilityof an exothermic reaction in the organic tank waste is
probably very low, the consequencesof such an event are unacceptable.
Characterizationefforts are being initiatedunder conditions that define the
envelope of risk associatedwith organic tanks. Risk to the operating staff,
the HanforO Site environment,and the general public appears to be low, but it
,s _eing reevaluated. Work to quantify the risk and provide for mitigation,
if necessary to assure the short-term safe storage, is continuing at the
Hanford Site on a priority basis. Results from these activities will also be
factored into the longer term final disposal of waste in Hanford Site
double-shelland single-shelltanks.
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TECHNOLOGY DEVELOPMENTTO SUPPORT HANFORD SITE
TANK WASTE REMEDIATIONSYSTEM OBJECTIVES

S. T. Burnum
B. M. Johnson

ABSTRACT

Approximately227,000mS (60 Mgal) of highly radioactive,transuranic, and
hazardouswaste exist at the U.S. Department of Energy's Hanford Site in
Washington State. These waste in the form of caustic liquids, slurries,
saltcakes,and sludges are stored in 177 undergroundtanks (14g,_ngle-shell
and 28 double-shell). Also, significant quantities of YVSrand "J'Csare
present in metal capsules stored in water basins. The total activity in the
waste is estimated to be 420 Mci. Many of the single-shelltanks have leaked
and the condition of others is suspect. In addition, recent identificationof
potentiallyflammablegases and explosive solid mixtures have caused concern
for the safety of the tanks.

The 1988 Record of Decision stated that the double-shelltank waste would be
retrieved,treated, and disposed and the Sr/Cs capsules would be overDacked
and sent to the geologic repository. Low-level waste would be grouted and
stored onsite and high-level waste would be vitrified (i.e., borosilicate
glass) and also sent to the repository. Disposition of single-shelltank
wastes would be addressedthrough a separate and future Environmental Impact
Statement. In an effort to determine a strategy to safely and cost-
effectivelymitigate the safety concerns and ultimately dispose of the Hanford
Site Tank Wastes, the U.S. Department of Energy, EnvironmentalProtection
Agency, and Washington State Department of Ecology created a pact to address
and resolve the issues.

During 1991, it was decided to combine the single-shelltank and double-shell
tank efforts into one program. The rank Waste Remediation System program was
establishedto store, treat and dispose of tank and some ancillary wastes.
Major efforts have been expended to convene teams of national technological
experts to identify and prioritizetechnologiesthat could be used to perform
the Tank Waste RemediationSystem process functions. A decision-making
methodologywas developed that allowed the experts to evaluate technologies
against a set of common criteria.

The TWRS Program is currently developing a new technical strategy to address
the new scope. A systems-engineeringand analysis approach will be used to
judge the merit of each technology by assessing its affect on the total
system. A technology plan will be created to describe technology development,
testing, and implementation. The technology program will increase the
probabilityof success of the Tank Waste RemediationSystem program by
identifyingand testing essential technologies_identifyinqvulnerabilities
and testing contingent technologies, identifyingand testing technologies
common to a variety of processes, and by supplyingdata necessary to perform
valid system engineering and analysis studies. Thispaper describes the
decision process and initial technology prioritizationresults.



INTRODUCTION

Technology development for the Tank Waste RemediationSystem program is
largely driven by the unique situation regarding the Hanford Site radioactive
wastes. An "idealized strategy" for the ultimate disposal of tank waste at
the Site is essentiallythe same as at nuclear fuel reprocessing sites
elsewhere in the United States, as well as in Europe and Japan. These are
(I) the encapsulationof the highly radioactivefission product and
transuranic (TRU) wastes in a minimum volume of a very stable solid form,
(i.e., one that will retain its integrityand insolubilityfor many millennia,
and storage of this waste in a geologic repository), (2) the immobilizationof
remaining process waste solids with essentially no radioactivity (albeit
probably a "hazardous"waste because of the chemical constituents) and the
disposal in a Resource Conservation and Recovery Act-approved mannerI, and
(3) the reductionof the activity in the residual water and gas streams to a
level that can be released to the environment.

Immobilizationof high-level radioactivewaste is underway in two
European countries (i.e., Britain and France). These foreign reprocessing
sites segregatethe waste from the first cycle of extraction of
uranium/plutoniumproducts from the fission products and thus have a waste
stream that contains perhaps g9 percent of the fission products together with
very small quantities of well-characterizedprocess chemicals.

For several reasons, Hanford Site operations usually did not segregate
the first cycle stream. Early separation processes resulted in very large
volumes of waste and some of these were subsequentlyfurther processed to
recover uranium. In addition, select fission products were also recovered.
These operations further increased the volume of waste and this, together with
shortagesof tank volume, has resulted in extensive mixing of the highly
concentrated fission product waste with a great variety of process chemical
wastes. The concomitantneutralizationand concentrationof the waste have
produced saturatedslurries, solid salt cakes, and sludge. The result is an
inventory of waste with a very high content of solids and great complexity.

BACKGROUND

The radioactivewaste stored in tanks has come from various sources:

(I) three different plutonium and uranium recovery processes involving
approximately100,000 MTU of irradiated fuel, (2) three different radionuclide
recovery processes, and (3) miscellaneous sources (e.g., laboratories and
reactor decontaminationsolutions). The neutralizedwastes include sodium
nitrate/nitrite,sodium hydroxide, sodium aluminate, sodium phosphate, and
large amount of organics.

The single-shelltanks (SST) consist ez reinforced concrete tanks with
carbon-steelliners and have capacities ranging from 208 m3 (55,000gal) to
3,785 m3 (I Mgal). The double-shelltanks (DST) consist of carbon-steel tanks
within steel-linedconcrete tanks, each have a nominal capacity of 3,785 m3 (I
Mgal). Sixty-seventhe SSTs have leaked or are suspected to have leaked
approximately3,785 m3 (I Mgal). No waste has been added to the SSTs since
1980, and the pumpable liquids are being removed. The remaining waste will be
primarily sludge and saltcake. None of the DSTs has leaked since first placed
into service in 1971.



Miscellaneouswaste covered within the scope of Tank Waste Remediation
System (TWR)}_)incluc_o.approximately 1900 doubly encapsulatedmetal containers,
containing "VSrand'_'Cs salts, and possibly 2100 tonnes of irradiated N-
reactor fuel. These materials are currently stored in water basins.

Tank safety issues center around the following: I) hydrogen generation
and potentiallyexplosive mixtures, Z) high-heat tanks containing fission
products, and 3) tanks containing ferrocyanide,and nitrate salts which could
potentiallycreate an explosion at elevated temperatures.

TANK WASTE REMEDIATIONSYSTEM SCOPE

The TWRS program encompasses projects and activities for receiving,
safely storing,maintaining, treating, and disposing of onsite or packaging
for offsite disposal all tank wastes, capsules, and irradiated fuel. The
scope includes existing facilities, such as waste storage tanks, evaporators,
pipelines, planned pilot plant facilities,and the Grout low-levelwaste (LLW)
treatment and disposal facilities. In addition, upgrades to existing
facilities and equipment and new facilities are being considered. Major
facility additionswill include the HanfordWaste Vitrification Plant (HWVP),
Multi-PurposeStorage Facility, Multi-wastetank facility, and the Initial
PretreatmentFacility..

Closure (i.e., final disposal) of the SST and DST sites is not included
in the program. Also, development of a geologic repository for disposal of
high-level waste (HLW) is the responsibilityof the U.S. Department of
Energy's (DOE) Office of Civilian RadioactiveWaste Management.

The TWRS is shown in Fig. I. All tank waste will be retrieved. The
strontium and cesium capsules will be overpacked and shipped to the geologic
repository for disposal. The waste will be separated into two fractions, with
the HLW fraction vitrified and disposed in the geologic repository and the LLW
fraction grouted for disposal onsite. Both the irradiated fuel and the HLW
glass canisterswill be stored onsite temporarily in the Multi-Purpose Storage
Complex. Environmentalimpact statementswill be prepared for TWRS and the
irradiated fuel.

TECHNOLOGY IDENTIFICATIONAND EVALUATIONPROCESS

The TWRS program was divided into logical elements: tank safety and
operations,characterization,retrieval,pretreatment, LLW, and HLW. Teams of
national experts (technologyworking groups), for each program element,
convened to identifyprocess functionsand requirementsand prioritize
technologiesto perform these functions. A systems engineering and analysis
approach and a set of standard criteria were used to evaluate the affect of
each technology on the total system. Where data was lacking expert judgement
and consensuswas substituted. The general process is shown in Fig. 2.





Fig. 2. SystemsAnalysis Approach.
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Process Function Criteria

Because the approach to resolving the waste problem is not well defined,
various proces_;_g scenarios were formulated to accomplish the overall
objectives. Three criteria, which were used to judge process functions, were
as follows:

• Centrality--Isthe process function necessary to achieve overall
objectives?

• Uncertaintyreduction--Willthe process function reduce
uncertaintiesassociated with achieving TWRS objectives?

• Urgency--Isthe process function necessary to achieve program
milestones?

Technology Criteria

The list of potential criteria was shortened to the following five"
technologicalfeasibility,life cycle and capital costs,
environmental/safety/healthimpacts, waste minimization, and schedule
performance.

• Technical feasibility--Willthe technology perform the function?

• Life cycle costs--What are the relative total system costs for the
life of the program to includedisposal?

• Capital costs--What are the relative capital constructioncosts?

• Environmental/Safety/Health--Whatare the acute and chronic
impacts?

• Waste minimization--Whatis the magnitude of total waste disposed
to includeprimary and secondarywaste streams?

• Schedule performance-Whencan the technology be implemented?

Judgments of high, medium, and low were assigned values of 100, 50, and 0 to
obtain a numerical ranking. The criteria were weighted equally for this
exercise.

Areas of uncertainty or vulnerabilitywere also identified and contingent
strategies and technologiesrecommended.

Because of numerous program uncertaintiesand constraints,the technology
development program was structured to ensure the greatest probability of
successfullysatisfying the TWRS objectives. Essentially,there are three
levels of technology development.

• Reference--Technologyrequired to implement the baseline processes
within the program strategy



• Enhanced--Technologies (within the program strategy) to the
baseline that: (1) provide backup technology where baseline
technology has high uncertainty, and (2) could achieve major
improvements and potentially become the baseline.

• Alternative--Technologies in support of significantly different
program strategies, which may make very significant improvement in
the Program (i.e., significant life cycle cost reduction), but
have major impacts to the current reference strategy.

RESULTS

A summarydescription of the functions and technologies is presented in
Fig. 3.

Tank Safety and Operations

The process functions include the following: receipt, storage, and limited
treatmentof the waste, identificationand resolution of safety issues,
response to emergency conditions,dispositionof safety issues, and limited
waste characterization. The current safety issues include the following:
flammablegases (hydrogen),potential explosivemixtures (ferrocyanideand
organics),noxious vapors, high-heat (radiolyticdecay), and criticality.
Technologiesassociated with performing these functions as weil as monitoring
the wastes (i.e., gaseous, liquid, and solid) and evaluating the integrityof
the tanks need to be developed and implemented.

The referenceprocess for mitigating hydrogen will be to use a mixer pump to
agitate the tank contents and thereby exhaust gases continuously below the
explosivelimits. Alternative options includediluting and pumping the
contents to other tanks. The reference strategiesfor resolving ferrocyanide,
organics,and high-heat conditions involveretrieving the waste for
processing.

In situationswhere the conditions may be mitigated in-tank, limited
technologydevelopment will be required. Technologydevelopment will be
necessaryprimarily in instanceswhere safety resolutionoccurs subsequent to
removing the tank contents for processing and in monitoring and characterizing
waste.

If leaking tanks are identified,then the means of removing liquid waste from
the tanks need to be implemented. Technologiesassociated with limiting the
potential impact to the environment will have the greatest merit. Subsurface
barrier technologiesalso must be considered in this regard.

Technology vulnerabilitiesinclude the following: inability to predict,
monitor, and control leaks, inability of the mixer putnpto dissipate hydrogen
in a I Mgal tank, inadequacy of analyticalequipment to characterizewaste in
a timely manner, and inabilityto perform non-destructivetesting on tanks to
evaluate structural integrity.



Fig. 3. Tank Waste Remediation Technical Strategy.
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Characterization

Characterizationincludes the quantitativephysical,chemical, and
radiologicaldescription of undergroundstorage tank waste and waste products,
process streams, and disposal forms. Characterizationsatisfies predetermined
data quality objectives for making process, disposal and safety risk based
decisions.

Included in the reference case are the functions of (I) sample acquisition and
handling, (2)sample preparation,(3) laborato,y analysis (chemical,
radiochemical,physical, and thermal), (4) in-situ analysis (physical and
thermal), and (5) data management. Enhancementsto the reference case include
improvedthroughput of analyses through the analyticallaboratory by
automation and improved analytical quality by obtainingmore representative
samples, preserving sampling integrity after removal from tank, and developing
field deployable laboratory units. Alternativesto the reference case require
an entirely different approach. The alternativecase is broadly classified
into technologiesthat employ rapid scanning of samples in a hot cell and in-
situ chemical and radiochemicalmeasurement systems.

Specific analyses include the following: metal ions using Inductively Coupled
Plasma Mass/AtomicEmission Spectroscopy(ICP-MS, ICP-AES) and atomic
adsorption,anions using spectrophotometricmethods, radionuclides,total
organic carbon, volatile organic analytes (VOA), ferrocyanide,noble metals
(using ICP-MS), neutrons, alpha, beta, weak beta, and x-ray.

The highest priority functional needs can be classified as follows: (I) in-
situ measurementof thermal, rheological,and physical properties using
acoustic, remote relative viscometer, and thermoelectricAC modulation,
(2) hot cell segment scanning using laser scanning fluorescence,laser
ablation iCP-MS/ICP-AES,laser Raman and infrared spectroscopy,gamma energy
analysis (GEA), and dedicated testbed, and (3) obtaining representative
samples using robotic mechanical manipulators,gas tight sampler, fluidized
bed sampling,Summa canisters, adsorbenttubes, and permeablemembrane with
ion trap.

The principalvulnerability is defining the Data Quality Objective needs for
TWRS.

Retrieval

Waste retrieval activities are associatedwith removing and transporting
wastes and in-tank hardware from both the DST and SST tanks. The functions
associatedwith this endeavor can be categorizedas follows:

• Confine the waste
• Control the system
• Monitor the process
• Deploy the system
• Access the tanks
• MobiIize waste
• Convey waste
• Process waste

• Transport waste



• Characterizewaste and environment
• Dispose of in-tank hardware
• Protect the tanks
• Control the tank environment.

Most of the drainable liquid has been pumped from the SSTs, leaving hard salt
cake, thick sludge, and combinationsof these forms. The DST waste is stored
in dilute form with sludge deposits in the bottom of the tanks. Access to
most of the SSTs is limited to single I06.7-cm (42-in.)diameter ports.
Access to the DSTs includes two I06.7-cm (42-in.)risers. Both DSTs and SSTs
have in-tank hardware that could obstruct access to the waste and inhibit
slurry efforts. Other miscellaneousmaterials in the SSTs include
experimental fuel elements, irradiationsources, and failed in-tank equipment.

Retrieval technologiesfor SST waste include the following: methods to
mobilize the waste (i.e., water jetting, air jetting, water jet bore mining,
sluicing, localizedmelting, rheology modificationsand pumping, and localized
chemical adding), deployable retrieval systems (e.g., long-reach manipulator
arm with end-effectors,tethered systems, and tool change-out system), control
of the retrievalprocess (e.g., dynamic control, fault detection, position
control, and retrieval process control),confinement of waste during retrieval
operations (e.g., freeze barriers,grout barriers, soil liquefaction-polymer
injection, and nonleaking fluids), waste conveyance out of the tank (e.g., air
conveyance, pumping, screws, and buckets), installationof new tank
penetrations, [e.g., diamond saws, core drill, abrasive water jets, welding,
grouting (all remote operations)],and monitoring the retrieval operations
(e.g., video, ultrasonics,acoustics, infrared vision systems, laser position,
gamma spectroscopy,near infrared absorbance and backscatter, and gamma
emission scanning).

Retrieval technologiesfor DST waste include the same basic functions as SST
waste. Waste slurry mixing and pumping is the preferred retrieval method.
Instrumentationsystems to monitor the retrieval process and evaluate slurry
mixing uniformity and cleaning radii are required. High shear-strength
sludges may require alternative solutions, if the current mixer pump concept
proves inadequate.

Reference technologiesencompass mixer pumps, past-practice sluicing, and
long-reach manipulators. Enhancementsand alternativesinclude using stop
leak gel, large tank openings, open pit and/or hydraulicmining, confined
sluicing; and melting or vaporizing the waste.

Technical uncertaintiesinclude the following: control of the manipulator
arm, feasibilityof tank access, impositionof dome and vibration loads, level
of heat generation, percent recovery,amount of waste generated, amount of
tank waste leakage, and use of organic fluids.

Pretreatment

Pretreatmentfunctions are associatedwith preparing the wastes for subsequent
immobilizationand disposal. Pretreatingthe wastes to resolve safety issues
such as organic and ferrocyanidedestruction is also considered. The
functions for which technologieswill be developed and implemented, include
the following: waste blending, sludge wash and acid dissolution, solid/liquid
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separation,organic/ferrocyanide/nitrate/nitritedestruction, selective and
bulk leaching, and separation of Cs, Sr, transuranics,Tc, and I.
Technologiesneed to be investigatedto perform these functions on both basic
and acidic solutions.

The referencetechnology for transuranic separation is the "TRUEX" solvent
extraction process on the acid side. However, extraction chromatography is
also being studied. Cs removal in alkaline solutions using CS-lO0 or
resorcinol resins is preferred, but recent developmentsin the use of silico-
titanates are promising. Organic destructionby means of ozonation,
calcination,steam reforming, and hydro-thermalprocessing is being evaluated.
However, those technologieswhich can be used to simultaneouslydestroy a
hazardous compounds may be preferred. Magnetic separation may also have merit
in the initial stages of separation. Leachingof certain non-radioactive
metal ions, from the high-level waste, may also be implemented to reduce the
number of glass canisters. Enhancementsand alternativesto the reference
technologieswill result in a reduced number of high-levelwaste canisters
being produced. A "Clean"option is also being considered,which could result
in the minimal production of both high-level and low-levelwaste.

Various implementationstrategies also are being considered. These range from
centralized facilities,incorporatingeither predefinedor modular design
concepts, to distributed processing units located at the tanks and operated
remotely.

Major technologicalvulnerabilitiesare associatedwith the degree of
dissolution achievable,the impact of certain chemical species on the
efficienciesof both solvent extraction and ion-exchangetechnologies, and the
implementationof cost-effectivetechnologiesin a timely manner.

Low-LevelWaste Immobilization

LLW functions include the following: storage and transfer, characterization,
waste form processing,transportation,and disposal. The current reference
final waste form is grout. Waste is transferredto the grout feed tank, where
it is blended to satisfy processing requirements,and characterized. Dry raw
materials are preblended and then mixed with the liquid waste to form a
slurry. The slurry is pumped to undergroundvaults for final disposal on-
site.

Technology development is _equired in the followingareas: in-tank sampling
and analysis, product quality control, grout performanceassessment,
predicting and measuring the quantity of hydrogen gas generated by radiolytic
and chemical decomposition,barrier improvementand testing, process control,
modeling long-termdurability, increasedprocessing capacity and product
uniformity. Alternativewaste forms are also being considered, such as glass,
mineral grout, ceramic, polymer and combinationsof these.

Technical uncertaintiesare associatedwith formulation,performance
assessment,process control, feed variability,facility decontamination and
maintenance, and rework of the grout process.

11



High-Level Waste Immobilization

The HLW immobilizationprocessesHLW into a form suitable for interim storage
and ultimate disposal in a geologic repository. The reference process is
vitrificationand the waste form is borosilicateglass. Seven basic functions
were identified: storage and characterization,receipt and feed preparation,
immobilization,process control/analyticalsupport, waste effluent treatment,
packaging, and storage.

Technology development is necessary in the areas of waste form qualification,
influenceof noble metals on melter performance,impact of waste feed
materials compositionalvariability,offgas system performance, and
product/processcontrol systems. Potential enhancementsand alternatives
include greater production rate melters, improved waste form (i.e., ceramic,
phosphate/sodiumglass), and increasedwaste loading.

Technologicaluncertaintiesinclude the following- the ability to meet waste
acceptance specifications,ability to process feed, plant capacity, ability to
achieve waste loading goals, melter life expectancy,hydrogen/ammonia
generation and control, rheology/redoxcontrol, composition and properties of
organic feed, solids accumulationin offgas system, iodine removal from
offgas, and ability to rework off-standardproducts.

CONCLUSIONS

The TWRS program is extremelylarge and complex with a multitude of
uncertainties. A systematicapproach in identifyingtechnologies to be
developed and implemented is essential. However, a scarcity of necessary and
sufficientdata requires a comprehensivetechnology testing program to obtain
the informationto be used in the systems engineeringstudies.

Because the TWRS program is currently being rebaselined,the final selected
processes and technologiesremain to be determined. Many multifunction and
common technologieswere identifiedthat could be developed with minimal risk
that they would be superseded by a change in technical strategy. These
include in-situ analyses, subsurfacebarriers;manipulator arms; sluicing,
pumping, or blending wastes; actinide/cesium/technetium/strontiumseparation;
organic/nitrate/ferrocyanidedestruction;grout performance improvement;
increasedwaste loading; and improvedHLW melter performance.

The use of technology working groups comprised of national experts is
invaluable. The working groups should be convened annually to review the TWRS
technology status and potential benefit of new technologies to the program.

The uncertaintiespresent in the TWRS program require that a limited number of
technology options be developed in parallel, until such time as the program is
well defined and the competingtechnologiesunderstood. In the early stages,
this could be accomplishedthrough comprehensivelaboratory testing, pilot-
plants, and demonstrationprograms. Pilot-plantstesting should be reserved
for those technologieswith the highest probabilityof being implemented _
production.
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Technologydevelopment should not be limited to Hanford Site assets. National
assets throughout the DOEcomplex, private industry, and universities should
be used to the maximumextent possible; and foreign technology exchangesalso
should be continued.
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