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QUARTERLY REPORT ON THE FERROCYANIDE SAFETY PROGRAM
FOR THE PERIOD ENDING MARCH 31, 1994

J. E. Meacham
R.J. Cash

. G.T. Dukelow

" EXECUTIVE SUMMARY

This is the twelfth quarterly report on the progress of activities addressing the Ferrocyanide

Safety Issue associated with Hanford Site high-level radioactive waste tanks. In response to

the Defense Nuclear Facilities Safety Board Recommendation 90-7 (FR 1990), an

implementation plan was issued in March 1991 (Cash 1991). It described activities planned

and underway addressing each of the six parts of Recommendation 90-Z The implementation

plan was updated and released in March 1994 as the Ferro_,anide Safety Program plan

(Borsheim et al. 1994). The program plan still addresses the six parts of

Recommendation 90-7, but also includes all work in the Ferrocyanide Safety Program. This

quarterly report is reported against the new program plan.

An important milestone was completed this quarter, closure of the Ferrocyanide Unreviewed

Safety Question. The Ferrocyanide Unreviewed Safety Question was closed on March 1,

1994 by the U.S. Department of Energy's Assistant Secretary for Environmental Restoration

and Waste Management (Sheridan 1994). Closure of the Unreviewed Safety Question

completes accelerated Safety Initiative milestone 2s and Tri-Party Agreement milestone

M-40-14.



WHC-EP-0474-12

m ,,
_1 ii i [111

U.S. Department of Energy comments were incorporated into the ferrocyanide safety criteria

document and the report was publicly released this quarter (Postma et al. 1994). An

engineering change notice, imegrating the information contained in the ferrocyanide safety

criteria document, was written for the Hanford Site Tank Farm Facilities Interim Safety Basis

(Wagoner 1993). An Unreviewed Safety Question screening on the ferrocyanide tanks was

also completed this quarter. These efforts provided the basis for the U.S. Department of

Energy's concurrence to close of the Ferrocyanide Unreviewed Safety Question.

Review comments on the ferrocyanide program plan were incorporated and the program plan

was released this quarter (Borsheimet al. 1994). Theprogram plan describes current and

anticipated future work in the Ferrocyanide Safety Program leading to resolution of the

Ferrocyanide Safety Issue. Schedules showing program activities leading to the final safety

issue resolution are presented in the program plan. Work in the Ferrocyanide Safety

Program is reported against the new program plan on a quarterly basis.

The generic Environmental Assessment, covering tankfarm operations (including installation

of instnanent trees into assumed leakerferrocyanide tanks and rotary core sampling), was

approved tl_i_quarter, and a Finding of No Significant Impact was issued by the U.S.

Department of Energy. Approval of the generic Environmental Assessment streamlines the

approval process. The generic EnvironmentalAssessment provides adequate National

Environmental Policy Act coveragefor planned Ferrocyanide and other Waste Tank Safety

Program activities.
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,4 draft document was prepared this quarter describing criteria for upgraded temperature

monitoring capabilities inferrocyanide tanks. This draft addresses a recently established

l_ri-PartyAgreement milestone (M-40-O2A)due in September 1994. The document concludes

. that one instrument tree is sufficient to monitor temperature in the ferrocyanide tanks, given

the current knowledge of the ferrocyanide hazard. The draft document is currently

undergoing review by Westinghouse Hanford Company, the U.S. Department of Energy, and

the Washington State Department of Ecology.

New information on the thermal conductivity of soils surrounding the waste storage tanks was

incorporated into the heat load model. Thermal conductivity data from soil analyses revealed

that conductivity values are greater than those used previously. Tank heat load estimates

using the new conductivity data are consistent with other independent estimates (Borsheim

and Simpson 1991; Crowe et al. 1993).

`4 draft report evaluatingpotential sources of flammable gases, including potential cyclic

venting, was also prepared this quarter. The report concludes that continuous vapor

. monitoring in ferrocyanide tanks is not warranted. The draft study is undergoing technical

review by Wcstinghouse Hanford Company and the U.S. Department of Energy. The report

will be released next quarter.

The results of a preliminary study were released this quarter on remote Fourier Transform

infrared spectroscopy techniques presently being considered for in situ andor hot cell

ferrocyanide applications (Rebagay et al. 1994). In general, the spectra obtained using the

Jl i ii i . ii i ii i i i
ii i iii i i1,,i ,

V
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remote systems resembled those collected from the same waste using conventional Fourier

Transform infrared sampling accessories.

Two aging experiments were completed this quarter. In Farm ferrocyanide waste simulant

was mixed with two molar sodium hydroxide and exposed to gamma irradiation for three

weeks at 70 and 90 *¢. Results show that the rate of ferrocyanide destruction is temperature

dependent. At 90 *C"approximately 60% of the cyanide groups were hydrolyzed, and at

70 *C, less than 5 % of the cyanide groups were hydrotyzed during this time period.

Experiments designed to more accurately define the minimum fuel concentration required to

support a ferrocyanide propagating reaction were conducted at Fauske and Associates, Inc.

this quarter. Tests using dried ferrocyanide waste simulant mixtures showed that the

minimum propagation concentration was between 13 and 14 wt% [as disodium nickel

ferrocyanLde]. A test conducted at 14 wt% propagated at a very slow rate, while two tests

conducted at 12 and 13 wt% did not support propagation. A report on T Plant calorimetry

and propagation tests conducted earlier was also released this quarter (Fauske and Jeppson

1994). Experiments demonstrated that T Plant simulant does not support a propagating

reaction.
J
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1.0 INTRODUCTION

1.1 PURPOSE

This quarterly report provides a status of the activities underway at the Hanford Site on the
. Ferrocyanide Safety Issue, as requested by the Defense Nuclear Facilities Safety Board

(DNFSB) in their Recommendation 90-7 (FR 1990). In March 1991, a DNFSB
implementation plan (Cash 1991) responding to the six parts of Recommendation 90-7 was

_" prepared and sent to the DNFSB. The implementationplan was updatedin FY 1993
(Borsheim et al. 1992). A revised Ferroeyanide Safety Program Plan addressing the total
Ferrocyanide Safety Program, including the six parts of DNFSB Recommendation 90-7, was
recently prepared and released in March 1994 fBorsheim et al. 1994). Activities in the
revised program plan are underway or have been completed, and the status of each is
described in Section 4.0 of this report.

1.2 QUARTERLY HIGHLIGHTS

• The Ferrocyanide Unreviewed Safety Question (USQ) was closed on March 1, 1994 by
the U.S. Department of Energy's (DOE) Assistant Secretary for Environmental
Restoration and Waste Management (Sheridan 1994). This action satisfied the
accelerated Safety Initiative (2s) and Tri-Party Agreement ('rPA) (M-40-14) milestones.

• DOE commentswere incorporated into ferrocyanide safety criteriadocument, and the
document was publicly released this quarter (Postma et al. 1994). A Ferrocyanide
USQ screening was performed and an engineering change notice, incorporating the
safety criteria, was written for the Hartford Site Tank Farm Facilities Interim Safety
Basis flSB) (Wagoner 1993). These documents provided the basis for closure of the
Ferrocyanide USQ.

• Review comments on the Ferrocyanide Safety Program plan were incorporated and the
. document was released this quarter (Borsheim et al. 1994). The program plan

describes all current and anticipated work in the Ferrocyanide Safety Program.
Schedules showing program activities leading to eventual Safety Issue resolution by

" fiscal year (FY) 1997 are presented in the program plan. Work in the Ferrocyanide
Safety Program is reported against the new program plan on a quarterly basis (see
Section 5.0 for schedules and work status).

• The generic EnvironmentalAssessment (EA), covering tank farm operations (including
installation of instrument trees into assumed leaker ferrocyanide tanks and rotary core
sampling), was approved this quarter, and a Finding of No Significant Impact was
issued by the U.S. Department of Energy. Approval of the generic EA eliminates the
need prepare additional EAs and streamlines the approval process. The generic EA

1-1
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provides adequateNational EnvironmentalPolicy Act (NEPA) coverage for the planned
Ferrocyanide Safety Program activities.

• A draft document was prepared this quarterdescribing criteria for upgraded
temperaturemonitoring capabilities in ferrocyanide tanks. The report concludes that
one instrument tree is sufficient to monitor temperature in the ferrocyanide tanks, given
the current knowledge of the ferrocyanide hazard. This document addresses a recently
established TPA milestone (M-40-02A) due in September 1994.

• New information on thermal conductivity of the soils surroundingthe waste tanks was
incorporatedinto the heatload model. Thermal conductivity datafrom soil analyses
revealed that conductivityvalues are greater than those used previously. Tank heat
load estimatesusing the new thermal conductivitydata are consistent with other
independentestimates (Borsheimand Simpson 1991, Crowe et al. 1993).

• A draft reportevaluatingpossible sourcesof flammablegases, including potential
cyclic venting, was prepared this quarter. The reportconcludes that continuous vapor
monitoringfor flammable gases in ferrocyanidetanksis not warranted. The draft
studyreport is undergoingtechnicalreview by WestinghouseHartfordCompany, DOE,
and Washington State Departmentof Ecology. The documentis scheduled for public
release next quarter.

• A preliminarystudy was released this quarteron remoteFourier Transforminfrared
(FI'IR) spectroscopytechniquesbeing considered for in situ and/or hot cell
ferrocyanideapplications(Rebagayet al. 1994). In general, the spectraobtained using
the remote systems resembled those collected from the same waste using conventional
FTIRsampling accessories.

• Two aging experiments were completed this quarter. In Farm ferrocyanide waste
simulant was mixed with two molar sodiumhydroxide and exposed to gamma
irradiationfor three weeks at 70 and 90 °C. Results show that the rate ferrocyanide
destructionis temperaturedependent. At 90 °C (194 °F) approximately60% of the
cyanide groups were hydrolyzed, and at 70 °C (158 °F), less than 5 % of the cyanide
groups were hydrolyzed.

• Propagationtests on dry ferrocyanide waste simulant mixturesshowed that the -.
minimum fuel concentration necessary to support propagating reactions is between 13
and 14 wt% [as Na_NiFe(CN)s]. The test conducted at 14 wt% propagated at a very
low rate, while the two tests conducted at 12 and 13 wt% did not propagate.

• A report on the T Plant calorimetryand propagation tests conducted earlier was
publicly released this quarter (Epstein et al. 1994). The report concludes that T Plant
simulant does not support a propagating reaction.

1-2
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* A report on the conditions necessary for ferroeyanide - nitrate/nitrite propagation was
released this quarter (Fauske and Jeppson 1994). The report describes fuel and
moisture requirements for supporting a propagating reaction.

1.3 REPORT FORMAT

Progress of activities under each of the six parts of DNFSB Recommendation 90-7 are
arranged in the same order as the program plan (Borsheim et al. 1994). The arrangement
also follows the same order provided in the recommendation. To report on progress, each
part of the recommendation is repeated in italics, followed by paragraphs explaining the
scope of work on each part or subpart of the recommendation. Subheadings for each task
activity report the following:

• Progress During Reporting Period
. Planned Work for Subsequent Months
. Problem Areas and Action Taken
. Milestone Status.
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2.0 BACKGROUND

Varioushigh-level radioactivewaste from defense operationshas accumulatedat the Hartford
Site in undergroundstorage tanks since the mid-1940s. During the 1950s, additional tank
storage space was requiredto supportthe defense mission. To obtainthis additionalstorage
volume withina short time period, and to minimizethe need for constructing additional

. storage tanks, HartfordSite scientists developeda process to scavenge 137Csfrom tankwaste
liquids. In implementingthis process, approximately140 metric tons (154 tons) of
ferrocyanidewere added to waste thatwas later routed to some HanfordSite single-shell

" tanks(SSTs).

F_yanide, inthepresenceofoxidizingmaterialsuchassodiumnitrateand/ornitrite,can
reactexothermicallyinthelaboratorybyheatingittohightemperaturesorbyanelectrical
sparkofsufficientenergy.Underlaboratoryconditionsdeliberatelycreatedtoenhancethe
potentialforreactions,significantexothermicreactionscanstartaslowas220°C (430°F),
butthelowestpropagationtemperatureobservedisapproximately250 °C (480°F).The
reactivenatureofferrocyanideinthepresenceofanoxidizerhasbeenknownfordecades,
buttheconditionsunderwhichthecompoundcanundergoendothennicandexothermic
reactionshavenotbeenthoroughlystudied.Becausethescavengingprocessprecipitated
ferrocyanidefromsolutionscontainingnitrateandnitrite,anintimatemixtureof
ferrocyanidesandnitratesand/ornitritesislikelytoexistinsomeregionsoftheferrocyanide
tanks.

Efforts have been underwaysince the mid-1980s to evaluate the potential for ferrocyanide
reactions in HanfordSite SSTs (Burger1989, Burgerand Scheele 1988). The potential
consequencesof a postulatedferrocyanidereaction were not evaluatedin the safety analyses
or safety analysis reports(SARs) applicableto the HanfordSite SSTs. The SARs historically
have considereda rapid exothermicreactionfrom fuel/nitratereactions as an incredible
event, and the consequencesof incredibleevents are not requiredto be analyzed (WHC
1992).

Althoughnot considereda partof the safety analysis for storage of waste in the SSTs, the
. 1987 EnvironmentalImpactStatement(EIS), Final Environmental Impact Statement,

Disposal of HartfordDefense High-Level Transuranic and Tank Waste, Hanford Site,
Richland, Washington (DOE 1987) did include an environmentalimpact analysis of potential

" exothermicreactions involving ferrocyanide-nitratemixtures. The EIS speculated thatan
explosion could occur during mechanicalretrievalof saltcakeor sludge from a ferrocyanide
waste tank. The EIS authorsconcluded that this worst-caseaccidentcould create enough
energy to release radioactivematerialto the atmospherethrough ventilation openings,
exposing persons offsite to a short-termradiation dose of approximately200 mrem.
A General AccountingOffice (GAO) study (Peach 1990) postulateda greater worst-case
accident, with independentlycalculateddoses of one to two orders of magnitudegreater than
in the EIS. Coupling the ferrocyanideconcerns with concerns about high organic
concentrationsandpotential hydrogenaccumulationsin other HartfordSite high-level waste
_lks, the DOE establishedthe High-Level RadioactiveWaste Tanks Task Force and Tanks
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Advisory Panel in August 1990. These two groups were formed to ensure that all safety
concernswith high-level waste tanks at DOE sites are identified and addressed in a
systematicand timely manner.

The initial focus of the task force and advisory panel was on the Hanford Site Flammable
Gas and Ferrocyanide Safety Issues. In September1990, a special HanfordSite ferrocyanide
task team was commissioned by WestinghouseHartfordCompany to addressall issues
involving the ferrocyanide tanks, including the consequencesof a potential accident.

The Ferrocyanide Safety Issue is a result of a combination of factors, beginning with 'the j
safety studies performedas precursorsto using the ferrocyanide scavengingflowsheets.
These studies did not addressultimatedisposal of the ferrocyanidesolids, and were not
performedto the conservativestandardsused today. In addition, no rigorous inventory was
keptof the ferrocyanideor other chemicals added to the tanks. Subsequentsafety studies
determiningthe risk of addingother chemicals were either not performed, or were performed
to less conservative standards. Monitoringsystems, such as temperature measurement
instrumentation,were allowed to be disconnectedand fall into disrepairbecause the potential
hazardwas not highlighted.

Althoughthe EIS estimatedthe consequencesfrom a hypothetical explosion, the GAO
disagreedwith the assumptionsused for the dose consequencecalculations. Work performed
by Pacific Northwest Laboratory (PNL) in 1984-85 identified a potential safety problem, but
no fundingwas provided until 1989 to studythis Safety Issue. An additional issue was
subsequentlycommunicatedabout the assumed radioactive materialsource term (release
fraction)resultingfrom a hypotheticalexplosion (Peach 1990).

In October1990 (Deaton 1990), the FerrocyanideSafety Issue was declared a USQt because
the safetyenvelope for these tankswas no longer boundedby the existing safety analysis
report(RHO 1986). In 1991, using process knowledge, process records, transferrecords,
and log books, 24 HanfordSite tankswere identified as potentially containing 1,000 g-moles
(463 It))or more of ferrocyanide[as the Fe(CN)_ anion]. These tanks were placed on a
Ferrocyanide WatchList because of the USQ. Re-examinationof the historical records
(Borsheimand Simpson 1991) indicated that6 of the 24 tanks do not containthe requisite

,t,

tAn Unreviewed Safety Question, as defined by DOE Orders5480.5 (DOE 1986) "
and 5480.21 (DOE 1991), is determined as follows. "A proposed change, test or experiment
shah be deemed to involve an USQ if the following apply:

a. The probability of occurrence or the consequences of an accident or malfunction
of equipment importantto safety, evaluated previously by safety analysis will be
significantlyincreased, or

b. A possibility for an accidentor malfunctionof a differenttype than any evaluated
previously by safety analysis will be created which could result in significant
safety consequences."

_ Hi i,,ll i i ,,,l,, .... i i,,,i i , i ,,, ,, i i i ,i i .........
_]
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1,000 g-moles of ferroeyanide and should not have been included on the Watch List. Four
of the 6 tanks were removed from the Watch List in lune 1993 0Vleachamet al. 1993) and
removal of the other two tanks is pending (Borsheim et al. 1993).

The Ferroeyanide USQ was closed on March 1, 1994 by the DOE Assistant Secretary for
Environmental Restoration and Waste Management. Closure of the Ferroeyanide USQ was

. based on safety criteria proposed by Westinghouse Hartford Company and concurred on by
outside reviewers and reviewers within DOE. This was the first USQ closure in the current
Waste Tank Safety Program since the Watch List was created in 1990.

IIJI II1111 II I I III I IIIIl, llflllll IIII I f I

[ I I I I I
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3.0 FERROCYANIDE SAFETY DOCUMENTATION

The USQ process depends on an authorization basis that describes those aspects of the
facility design basis and operational requirements relied on by DOE to authorize operation.
The authorization basis is described in documents such as facility SARs and other safety
analyses, hazard classification documents, technical safety requirements, DOE issued safety

- evaluation reports, and facility-specific commitments,such as Safety Assessments (SAs) and
the ISB (Wagoner 1993). The potential hazards of a ferrocyanide-nitrate/nitrite reaction were
discovered to represent an inadequacy in the authorization basis.

t,

A strategy for closing the USQ and resolving the Safety Issue for the ferrocyanide waste
tanks was developed by DOE and Westinghouse Hanford Company and presented to the
DNFSB in August 1993 (Grumbly 1993). The strategy contains two key steps:
(1) developing criteria for safety categories that rank the hazard for each tank, allowing
closure of the USQ, and (2) confirmation and final placement of each tank into one of the
categories based on core sampling and characterization of the tank contents.

Closure of the Ferrocyanide USQ. DOE comments were incorporated into the ferrocyanide
safety criteria document, and the report was publicly released this quarter (Postma et al.
1994). A Ferrocyanide USQ screening was performed and an engineering change notice,
incorporating the safety criteria, was written for the ISB. Based on this documentation, a
formal request to close the USQ was made by Westinghouse Hartford Company in January
(Alumkal 1994). The Ferrocyanide USQ was closed on March I, 1994 by the DOE
Assistant Secretary for Environmental Restoration and Waste Management (Sheridan 1994).
Closure of the USQ completes accelerated Safety Initiative milestone 2s and TPA milestone
M-40-14.

Ferrocyanlde Safety Program Plan. Review comments on the Ferrocyanide Safety
Program plan were received from DOE. The comments were incorporated and the document
was released this quarter (Borsheim et al. 1994). The program plan describes all the current
and anticipated work in the Ferrocyanide Safety Program. Schedules showing program
activities leading to eventual Safety Issue resolution by FY 1997 are presented in the

. program plan. Work in the Ferrocyanide Safety Program is reported against the new
program plan on a quarterly basis (see Section 5.0 for schedules and work status).

" Safety and Environmental _ents. SAs are documents prepared to provide the
technical basis to assess the safety of a proposed activity and to provide proper controls to
maintain safety. The SA and the accompanying EA for that operation provide the basis for
DOE authorization of the proposed activities. The authorization basis for previously
analyzed intrusive tank operations was combined into one document, the ISB, which was
approved by DOE in November 1993 (Wagoner 1993).

SAs have been completed for vapor space sampling of all ferrocyanide tanks, waste surface
sampling, push-mode core sampling, thermocouple (TC)/instrument tree installation in sound
tanks, and removal of pumpable liquid (interim stabilization). SAs for rotary-mode core
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samplingand instrumenttree installationin assumedleaker tankswere approved by DOE this
quarter.

The EA for installationof instrumenttrees into the 11 assumed leaker ferrocyanidetankswas
incorporatedinto the generic EA covering operationsfor WatchList tanks. The generic EA
was approvedthis qua_'_ and a Finding of No SignificantImpactwas issued by DOE.
Approvalof the generic EA provides adequateNEPA coverage for the planned Ferrocyanide
SafetyProgramactivities and streamlinesthe approvalprocess.

Hazard Assessment. The effort to updatethe ferrocyanide hazardsassessment document
was redirectedin June 1993 towarddeveloping a technicalbasis document supporting
resolutionof the FerrocyanideSafety Issue. An updatedferrocyanidehazardsassessment,
now referredto as a technicalbasis document, will not be starteduntil adequateinformation
is available for resolving the F_yanide Safety Issue. Technical information from all
FerrocyanideSafety Programtasks will be incorporatedinto this document. This document
maybe necessary to support Safety Issue resolutionfor the four C Farm tanks in FY 1995.
An updateof the documentmay be necessary in FY 1997 to supportSafety Issue resolution
for the remaining 14 tanks.

Dese Consequences. In September1990, an Ad Hoc Task Force report recommendedthat
studiesbe performedto provide informationon: (1) the potential for a ferrocyanide-
nitrate/nitriteexplosion; (2) the conditionsnecessary in the tanks to initiatean explosion; and
(3) the potential consequencesof such an occurrence. The GAO advised the Secretary of
Energyto implementthese recommendations. Documentationpreparedaddressing
recommendations(1) and (2) has shown that the risk for a ferrocyanideexplosion is
incredible. Because consequencesof incredibleevents do not have to be analyzed 077HC
1992), there exists limitedtechnicaljustification for completionof a consequencereport.
Therefore, the need for dose consequenceexperimentsand analyses is being re-evaluated.

• Milestone Status

- December 1, 1993: Submit, for DOE review, a draft ferrocyanide safety
criteria documentthat defines safe storageof ferrocyanidewaste. This
milestone was completedon schedule, and a publicly availabledocument
was released in January 1994 (Postmaet al. 1994).

o

- December 17, 1993: Submitan updateof the Ferrocyanide Safety
Programplan to DOE for approval. This milestonewas completed on
schedule, and the documentwas publicly releasedin March 1994
(Borsheimet al. 1994).

- January 31, 1993: Receive DOE approval to close the Ferrocyanide USQ
(Safety Initiative 2s). The FerrocyanideUSQ was closed on March I,
1994 (Sheridan1994). A letter was sent on March30, 1994 OVisness
1994) informing the U.S. EnvironmentalProtectionAgency and State of
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Washington Department of Ecology that TPA milestone M-40-14 (closure
of the Ferrocyanide USQ by March 31, 1994) was completed.

- June 24, 1994: Issue an ISB Level 1 report to DOE that provides the
safety basis for safe operation of ferrocyanide tanks.

- - July 29, 1994: Issue an update of the ferrocyanide hazards assessment
document. This milestone was deferred to FY 1995 and may be canceled
if not required to resolve the Safety Issue for the four C Farm tanks.

- Ausust 31, 1995. Issue technical basis document supporting Safety Issue
resolution for C Farm tanks, if required. Recommend Safety Issue
resolution for C Farm tanks.

- February 29, 1996. Obtain DOE approval to remove C Farm tanks from
the Watch List. Safety Issue resolved for C Farm tanks.

- January 31, 1997. Revise technical basis document to support Safety
Issue resolution for the remaining 14 tanks, if required. Recommend
Safety Issue resolution for all tanks.

- September 30, 1997. Receive DOE approval to remove all tanks from the
Ferrocyanide Watch List. This action resolves the Ferrocyanide Safety
Issue.
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" 4.0 DESCRIPTION OF ACTIVITIES

This section follows the format of the program plan (Borsheim et al. 1994) and describes all
work associated with the Ferrocyanide Safety Program. Where applicable, each task activity
is described relative to the DNFSB Recommendation (90-7.1 through 90-7.6). The specific

. recommendation is given, followed by a summary of activities underway to respond to the
recommendation (if not already closed out).

k.

4.1 ENHANCED TEMPERATURE MEASUREMENT

"Immediate steps should be taken to add instnonentation as necessary to the SST$ containing
ferrocyanide that will establish whether hot spots exist or may develop in the future in the
stored waste. The instrumentation should include, as a minimum, additional thermocouple
trees. Trees should be introduced at several radial locations in all tanks containing
substantial amounts of ferrocyanide, to measure the temperature as a function of elevation at
these radii. The use of infrared techniques to survey the surface of waste in tanks should
continue to be investigated as a priority matter, and on the assumption that this method will
be found valuable, monitors based on it should be installed now in the ferrocyanide bearing
tanks."

4.1.1 Instrument Trees

A strategy initially was developed to provide the temperature instrumentation necessary to
monitor conditions in five high-concern waste tanks on an expedited basis. The strategy was
to: (1) repair the existing TC elements (where possible); (2) install new instrument trees that
would be fabricated from existing drawings; and (3) install multifunctional instrument trees
(MFFs) in those tanks that only have a few risers available. The M1Ts would provide
temperature monitoring, the capability for gas sampling at three elevations, possible pressure
monitoring, and access for deployment of fiber optics inside the tanks, if desired. The
instrument trees would provide temperature monitoring but may not provide the option toi,

obtain any other needed data.

- This strategy was later revised to include only repair of TC elements in existing trees and
installing new instrument trees in ferrocyanide waste tanks. A number of uncertainties
concerning surveillance requirements were experienced with the early design and
development of the MITs. Resolution of design and operational requirements resulted in
substantial schedule delays and cost incr_ses. In an effort to expedite the required
ferrocyanide tank temperature measurement upgrades, it was decided to: 1) fabricate and
install instrument trees in the tanks; and 2) determine how to take gas samples from the
vapor space at a later date, if the installed capability for taking periodic or continuous gas
samples is determined to be necessary. Currently, there are no plans to install MITs in the
ferrocyanide tanks.

4-I
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• Progress During Reporting Period. Four instrument trees with heated vapor
sampling tubes have been fabricated for insertion into four assumed leaker
ferrocyanide tanks. Installation of ultra high-pressure bore heads on the new
instrument trees was completed this quarter. All equipment and safety
documentation supporting insertion of the trees are in place and installation will
begin next quarter.

A draft document was prepared this quarter describing criteria for upgraded
temperature monitoring capabilities in ferrocyanide tanks. The report concludes
that one instrument tree is sufficient to monitor temperature in the ferrocyanide
tanks, given the current knowledge of the ferrocyanide hazard. The document is
currently undergoing review at Westinghouse Hartford Company, DOE, and
Washington State Department of Ecology. It is scheduled for public release in
September 1994. This document addresses a recently established TPA milestone
(M-40-02A).

• PlannedWork forSubsequentMonths. Instrumenttreeswillbeinstalledinto
fourassumedleakertanks(241-BY-I07,-I08,241-C-III,and241-TY-I04)and
fouradditionalinstrumenttreeswillbefabricated.

• ProblemAreasand ActionTaken. None.

• MilestoneStatus.

- September30,1994: Installnineinstrumenttreesintoassumedleaker
ferrocy_detanks.ThismilestonealsoaddressestheSeptember1994
TPA milestone(M-40-02B),installationand operationofsixinstrument
treesinferrocyanidetanks.

- September30,1994: Developcriteriaforupgradedtemperature
monitoringcapabilitiesinferrocyanidetanks(TPA milestoneM-40-02A).

- December 31,1994: Completeinstallationofinstrumenttreesinassumed
I.

leaker tanks. Replace temperaturesensing elements in the remaining two
ferroc_de tanks as necessary.

,a.

4.1.2 Upgrades to Existing Temperature Monitoring Instrumentation

This task determined the operability and accuracy of previously installed TC elements in the
original 24 Ferrocyanide Watch List tanks. The original and newly installed TCs now
provide temperature measurements for the ferrocyanide tanks.

Field measurements were taken in 1991 on each TC element in the then-existing trees to
determine the resistance and voltage across the junction and across each lead to groand. The

ii
i ii
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exact condition of each TC was determined by resistance and voltage measurements
(Buuell 1992). This work was completed in FY 1991 with a total of 265 TCs being
evaluated. Work in FY 1992 focused on repairand recovery of 92 TCs that were found to
be failed or marginal in performance. This task was completed in FY 1992.

• Progress During Reporting Period. No progress was required or planned.

• Plmmed Work for Subsequent Months. None.

" • Problem Areas and Actions Taken. None.

• Milestone Status. This task is complete.

4.1.3 Hot Spot Thermal Modeling

Radioactive materials decaying in HartfordSite waste tanks generate heat. A concern, raised
when the ferrocyanide tanks first became a safety issue, has been whether an exothermic
excursion and local propagation could occur within the ferrocyanide waste if there was a
sufficient concentration of ferrocyanide and a high enough temperature present. There are
usually only one or two instrument trees in each ferrocyanide tank, and the trees are not
always at the same location. Consequently, it is questionable whether abnormal heat
generation could exist in these tanks and not be detected. This task models and analyzes the
available temperature data from the ferrocyanide tanks in order to determine the heat load
and temperatures as a function of depth and radial location. Sensitivity and parametric
analyses are included to determine the magnitude of hot spots that would have to exist within
the waste to reach propagation temperatures.

State-of-the-art validated computer codes are used in the modeling. They are benchmarked
with existing data and employ two- and three-dimensional capabilities. Both steady-state and
transient models are used. The intent of this work is to determine accurate heat loads for

each ferrocyanide tank and to model hypothetical hot spots.

• Progress During the Reporting Period. Development of an improved model
for thermal analysis of the ferrocyanide waste storage tanks was completed last

" quarter. The model was used to estimate the heat loads and thermal
conductivities of tanks 241-BY-103, -105, -106, and -107. New information on
thermal conductivity of the soils surrounding the waste tanks, under various
conditions of temperature and moisture, was recently obtained and incorporated
into the heat load model. Soil analyses revealed that the conductivity values are
greater than those used previously. Tank heat load estimates using the new
conductivity data are consistent with estimates made from other independent
sources (Borsheim and Simpson 1991, Crowe et al. 1993). This is of interest
because each method uses different techniques, providing a check on the heat
load estimates.
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• Planned Work for Subsequent Months. The updated thermal heat transfer/heat
load model will be used to analyze the heat load and thermal characteristics of all
ferrocyanide tanks. Two reports on these analyses will be prepared and issued
later in FY 1994.

"I_e dryout position paper (Dickinson et al. 1993) will be updated to include
discussion on additional dryout mechanisms. The revised report will be released
next quarter.

• Problem Areas and Action Taken. None.

• Milestone Status.

- May 31, 1994. Complete additional analyses and issue an update of the
report Ferrocyanide Safety Program: Credibility of Drying out
Ferrocyanide Waste by Hot Spots (Dickinson et al. 1993), approved for
public release.

- June 30, 1994. Complete thermal hydraulic analyses of heat loads for
nine ferrocyanide tanks (241-BY-I03, -105, -106, -107, -108, -I I0, -I 1I,
and 241-C-109 and -112) and issue a report available to the public.

- September 30, 1994. Complete thermal hydraulic analyses of heat loads
for all remaining ferrocyanide tanks and issue a report available to the
public.

4.1.4 Infrared Scanning System

Infrared OR) scanning systems are commercially available from numerous vendors. These
systems are sensitive to changes of 4-0.3 °C (0.5 °F) or less under ideal conditions, and
offer promise for mapping surface temperature profiles in the ferrocyanide tanks. Thermal
modeling performed on ferrocyanide tank 241-BY-104 suggested that, if hot spots with
temperatures of concern are possible, surface temperature differences might be great enough
to be detected by infrared mapping.

A position paper on the credibility of hot spots and the need for further 1R scanning was
completed and issued in April 1993 (Dickinson et al. 1993). This paper examined potential
concentration mechanisms and determined the degree of concentration required to produce
temperatures high enough to dry the ferrocyanide waste. The paper concluded that such
concentrations were incredible. Based on this report, Westinghouse Hanford Company
recommended that no further planning be pursued for IR scans for the purpose of detecting
hot spots.



WHC-EP-0474-12

iii ii i i iii iii i iiii i __
ii ii ii i i i

s Progress During the Reporting Period. None.

• Planned Work for Subsequent Months. A draft report on the infrared scans of
tank 241-S-110, Application of Infrared Imaging in Ferrocyanide Tanks,
(WHC-EP-0593) was submitted to DOE in January 1993.

- • Problem Areas and Action Taken. None.

• Milestone Status. None.

4.2 CONTINUOUS TEMPERATURE MONITORING

"The temperature sensors referred to above [Recommendation 90-7.1] should have continuous
recorded readouts and alarms that would signal at a permanently manned location any
abnormally high temperatures and any failed temperature instrumentation."

This task will provide continuous monitoring of presently installed (and operable) TCs for the
ferrocyanide tanks. New instrument trees will be connected to the system as they are
installed into each tank, resulting in continuous monitoring of temperature in the ferrocyanide
tanks. All data are collected automatically at the continuously manned Computer Automated
Surveillance System (CASS) Operator Control Station° The monitoring system is
independent of the CASS and capable of displaying data to an operator on request. Trend
data on selected points are available for display in numeric or graphic form.

The system, which became operational in September 1991, has the capacity to assign alarms
for a change in the value of any temperature point. Alarms, if they occur, trigger an audible
annunciator and are logged immediately to hard copy. An alarm summary display provides a
list of the most recent alarms in order of occurrence. Each alarm can be identified by point
and time of occurrence. Operator acknowledgement of the alarm will silence the audible
annunciator.

. Signal conditioning and multiplexing are performed locally at each tank. This eliminates the
need to transmit low-level signals to the tank farm boundary and reduces cable runs.
EleCtronic noise, extension wire corrosion, and thermal gradients are also reduced.

Five BY Farm tanks were connected to the system in September 1991; an additional five
were connected in December 1991. These tanks include 241-BY-101 (now removed from
Watch List), 241-BY-103, -104, -105, -106, -107, -108, -110, -111, and -112.
Tank 241-BY-105 already had two operating TC trees. Both were connected to the Tank
Monitor and Control System (TMACS). In April 1992, tanks 241-TY-101, -103, -104, and
241-TX-118 were connected to the system and are now operational. Four new instrument
trees installed in tanks 241-BY-104, -110, -111, and -112 have been connected to TMACS.
This makes a total of 13 ferrocyanide tanks [16 trees and two liquid observation wells
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(LOWs)] thatare now monitoredby TMACS. Temperaturereadings from the workingTC
elements in these tanksare being recordedcontinuously.

• Prollr_s During Reporting Period. Constructionresumedfor connection of
TMACS in C and BX Farms. A workpackageis being preparedfor T Farm
installationand all design work for these farms is now complete.

• ]Nanned Work For Subsequent Months. Installationof TMACS in C and BX
Farms will be completed and work will resume in T Farm.

• Problem Areas and Action Taken. A shortageof trainedpersonnel for
constructionexists becauseof reassignmentduring the AdministrativeHold.
Additionalpersonnelare being trained to meet the need for 'D_ACS connec6ons.

• Milestone Status.

- September 30, 1994. Complete installationof TMACS for the four
ferrocyanidetanksin C Farm,one tankin T Farm, and two tanks in
BX Farm. Ferrocyanidetanksremoved from the Watch List (241-BX-II0,
241-BY-101, and 241-T-I01), or pendingremoval (24i-BX-I02 and -106)
from the Watch List, will be connected in FY 1995.

- December 31, 1994. Completeinstallationof TMACS for new instrument
trees installed in FY 1994. The completionof TMACS installationsis also
a TPA milestone(M-40--02).

4.3 COVER GAS MODELING

"Instvumemationshould also be installed to monitor the composition of cover gas in the
tanks, to establish O_flammablegas is present."

4.3.1 Interim Flammable Gas Monitoring

The effort to conductflammableand toxic gas monitoringand analyses in the ferrocyanide
tanksis continuing. Most of this effort was transferredto the Tank VaporIssue Resolution
Program,which is coordinatinginterimgas monitoringof the ferrocyanidetanks, as well as
those tanksinvolved with the tank vapor safety issue. Tank vapor spaces are measuredfor
flammabilityusing a commercial combustiblegas monitor (calibratedwith pentanegas), and
are monitoredfor potential toxic gases using an organic vapor monitorand Dr_ger2 tubes as
requiredby the safety assessment and workprocedures for a particularactivity.
Developmentand validationof alternativetechnologies for vapor space characterizationare in

2Trademarkof National Draeger, Inc., Pittsburgh,Pennsylvania.
iiiiiiii i i i i ill
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progressusingSumma canistersandspecificabsorptiontubes.Theinitialvaporspace
samplingwasdoneinseveraltanklocations(i.e.,fromtwowidelyseparatedrisers)andat
three elevations in the vaporspace. Review of the sampledataindicatedthatsampling from
one riser was adequate;the numberof sampleelevations may be reduced in the future.

To date, the vapor _ in 11 tankson the FerrocyanideWatchList have been sampled.
. In one of the tanks, the combustiblegas analyzer _g was reportedas one percentof the

lower flammabilitylimit (LFL) and all the other ferrocyanidetankssampledcontained < 1%
of the LFL. The maximumreadingfor organicvapor was 350 partsper million (ppm), --0.

" 035 voi%, in tank241-BY-110, andall other tankshad readings at least an order of
magnitude lower. Ammoniawas detectedin severalof the sampledtanks; the maximum
reportedvalue was estimatedas 612 ppm, againin tank241-BY-110. The measuredvalues
in the other tanksranged from <2 ppm to 250 ppm. Hydrogencyanide measurementswith
DrtgerTM tube monitoringwere all below 2 ppm (the detectionlimit for that method). Two
tanks, 241-C-108 and -111, were analyzed with a more sensitive method, and hydrogen
cyanide concentrationswere less than0.04 partsper billion (i.e., < 40 partsper trillion).
Table A-2 in Appendix A reviews gas analyses for the ferrocyanidetanks sampledto date.

. Progress During Reporting Period. No core samplingor instrumenttree
installationwas performedthis quarter. Therefore, there was no need for gas
monitoringto supportthese activitiesand no additionalferrocyanidetank vapor
space sampleswere taken.

, Planned Work For Subsequent Months. Flammablegas samplingand selected
noxious gas monitoringwill continue, as required,to supportplanned core
samplingand instrumenttree installation. This work will resume next quarterto
supportcore samplingand instrumenttree installation.

, Problem Areas and Actions Taken. None.

• Milestone Status

- - September 30, 1994. Completevapor space samplingof remaining
ferrocyanidetanks, as required, to support various field activities.

I

- September 30, 1995. Complete vapor space samplingof remaining
ferrocyanidetanks. This milestone addresses the November 1995 TPA
milestone M-40-03.

4.3.2 Continuous Gas Monitoring

Options for installinga gas monitoringcapabilityon new instrumenttrees have been
reviewed and a heatedvapor sampling tube has been added to the design of future
instrumenttrees for ferrocyanidetanks. These modificationswill allow vapor space sampling

i ii i i i i •
: ii ii ii
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on a continuousor intermittentbasis. The need for continuousgas monitoring is being
addressedin a study thatalso addressesthe potential for cyclic venting and the possibility of
accumulatingflammablegases.

The pos,_ibilitythat localizedconcentrationsor stratificationof g_ exist in the tanks has
been evaluated. A modeling study to determineairflow patternsin the vapor space of
tank241-C-i09wasconductedtoevaluatetheamountofmixingandthelocalgas
concentrationsthatcouldoccur.Thestudyrevealedthatthegasesinthetankarewellmixed
andfollowOraham'slawforgaseousdiffusion;therefore,ananalysisofa secondtankwas
consideredunnecessarybecauseofthewell-mixedenvironmentcalculatedfor241-C-I09
(Wood 1993).

• PrOllressDurlnll Reportlnll Period. A draftreportevaluatingpossible sources
of flammablegases, includingpotentialcyclic venting, was preparedthis quarter.
The reportconcludes that continuousflammablegas monitoringin ferrocyanide
tanksis not warrantedbased on: (1) evaluation of tankvapor sample results to
date showing no more than 1% of the LFL; (2) considerationof waste simulant
aging studies indicatingthat the ferrocyanidehas degraded in the tanksand is no
longerpresent in flowsheet concentrations;(3) evaluation of core sampleresults
from tanks241-C-109 and -112 showing that the fuel concentrationin the tanks
is not as highas postulated by flowsheet simulants;and (4) new calculationsof
hydrogen generationusing realistic O values and passive ventilation assumptions.
The draftreport isundergoingtechnicalreview by WestinghouseHartford
Company and DOE and will be publicly released next quarter.

• Planned Work For Subuxluent Months. Comments from Westinghouse
HartfordCompanyand DOE reviewers will be incorporatedinto the continuous
gas monitoring report.

• Problem Areas and Actions Taken. None.

• Milestone Status.

- March 31, 1994: Completean evaluatiu,reportto determine which
gases, if any, need to be continuouslymonitoredin selected ferrocyanide
tanks. A draftreportwas completedthis quarterand will be preparedfor
public release next quarter.

- September 30, 1995: Develop and design continuous monitoring
equipment,if required.

- September 30, 1997: Installcontinuousgas monitoringequipmentin six
tanks, if required.

4-8
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4.3.3 Tank _re Monitoring

Public Law 101-510 (1990) (Section 3137 - also knownas the Wyden Amendment)requires
that "... _ Secretoryof Energy shall iden:_ which single-shell tanks ... may have a serfous
potential for release of high-level waste due to uncontrolled increases of ... pressure. Aj_er
completing such identification, the Secretary shall determine whether continuous monitoring

" _ being carried out to detect a release or excessive ... pressure at each tank so tdent_ed.
such monitoring is not being car_ed out, as soon as practicable the Secretary shall install
such monitoring.... "

The fer_de tankswere initially identifiedas having "aseriouspotentialfor release"and
were placed on the WatchList; however, pressure monitoringcapabilitydoes notpresently
exist for the tanks. It would takeseveral years for pressure monitoringinstrumentationto be
installed and connectedto a continuouslymannedlocation, because of the capitalproject time
cycle. Sufficientknowledge on the safety of the FerrocyanideWatch List tanksexists at this
time such that the USQ has been closed (see Section 4.0). _use of waste aging, it is
_ble thatall of the retrocede tanks may now containless than the 8 wt_ sodium
nickel ferrocyanidespecified in the fuel criterion for the SAFE category, it is anticipated
thatclmracteriz_on (core samplingand data interpretation)may place all of the tanksinto
the SAFE category, becauseof the low fuel value remaining. Placementof the tanksinto the
SAFE category means the tanksare candidatesfor removal from the ferrocyanideWatch
List. This would eliminate the need for continuouspressure monitoring for off-gases from a
ferrocyanidereaction.

• Pregrms During Reporting Period. A study is being conductedthatwill
evaluate the potentialfor the generationof gases that might cause pressurization
of a ferrocyanidetank. Based on the resultsof this study, a recommendation
will be madeon the need for installingpressure monitoringequipment.

• Planned Work For Subsequent Months. Complete the evaluationof potential
gas generation in ferrocyanidetanksand determinethe need for continuous
pressure monitoring.

• Milestone Status.

- July 29, 1994. Complete studies to determinewhethercontinuouspressure
monitoringis requiredfor some or all ferrocyanidetanks.

- September 30, 1995. Install the first phase of pressure monitoring
instrumentation,if required.

- September 30, 1996. Installpressuremonitoringinstrumentationand
readoutcapability on all applicableferrocyanidetanks, if required.
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4.4 _OCY_E WASTE CHARACT-F.J_.O.,ATION

"Tnepro&ramofsan_lln&thecontentsofthesetanksshouldbegreatlyaccelerated.
proposeds_ wherebyanalystsoftwocoresamples.fromeachslngle-shelltankistobe
completedby_Ipten,.ber1998isselqouslytnedequateinlightoftheuncertalntleaaatosafety
ofthesetanks._nhevmore,addlgonalsamplesarere_Iredatseveralredtl and at a range
of elomtona for the tanks containing substantial amounts of ferrocyanide. "

C'naractedzationof the waste in the ferrocyanidetanksts necessary to: (1) guide further
clum_calreaclion#tudimwiththeferrocyanidewastesimulants;(2)determineactualwaste
chemicalandphysicalproperties;(3)determinehow theferrocyanidewastecanbesafely
storedins_, and_fy thetanksby safetycategoryaccordingly,untilretrievaland
disposalactionsarecompleted;and(4)a_ly thestudyresultstothefinalremedlationofthe
waste.ThisinformationisnecessarytoresolvetheFerrocyanideSafetyIssue.

Theimportantreactivematerialspresentintheferrocyanide_ arefuel(ferrocyanides,
sulfides,andreducedcarbonspeciessuchasorganiccomplexants),oxidants(nitratesand
nitrite'.),andinertsordiiuents(includingphosphates,aluminates,sulfates,cad)onates,
oxides,andhydroxides).ThelocationoffissionproductssuchasIr_Csand_r isimport_..nt
becausetheseproductsareheatsourcesandpotentialsourcetermsinpostulatedradiological

froma hypotheticalferrocyanidereaction.The watercontentofthewasteisvery
importantbecausewater'shighheatcapacityandvaporizationheatmakeitaneffective
_g material. Watercontent can preventa sustainedcombustion or a propagating
reaction; wet ferrocyanide materialwould requiredrying before it could react or propagate.

4.4.1 Core Sampllnj and Analyses

Core Sampling. Thecurrentschedule for waste tanksampling shows core samplingbeing
completed for all fetrecyani_ tanksby the end of FY 1995. Both ro_-mode and
pu_-mode core sampling capabilitiesare availablefor obtaining core samples from the
WatchListtanks.Tankswithoutsaltcakeandwithrelativelysoftwastesolidscanbecore
sampledbythepush-modemethod.Ifahardsaltcakelayerispresent,rotary-modecore
samplingwillbeused.The firstferrocyanidetankscheduledforrotary-modecoresampling
is241-BY-I04inMay 1994.Push-modecoresamplingoftanks241-C-111and-C-108are
scheduledinApril1994.

Eachcoreconsistsofseveral48-cm(19-in.)segments(orportionsthereof)dependingonthe
depthofthewasteinthetank.Thesludgelayerinthesecoreswillbedividedintofour
12-cm(4.75-in.)subsegmentsforeach48-cm(19-in.)segment.Ifthetankcontainsa
saltcakelayer,thesaltcakesegmentswillbedividedintoonlytwosubsegments.Process
flowsheetknowledge,tankhistoricaldata,andresultsobtainedfromtestswithferrccyanide
sludgeslmulantsareusedtosupplementtheanalyticalresultsfromcoresampling.
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The priorityfor ammplin8ferrc_yanidetankshas been changed to reflect the need to
determine the reactive propertiesof the contents. In response to DNFSB
lte_mm_daflon 93-5 (DOE 1994) to expedite samplingand analyses requiredto address
aafetyissues in the HanfordSite Watch List tanks, the analysisplans for futurefetrocymdde
tank core samples (and the plans for other WatchList tanks) have been revised. The Watch
List tankshave _ given priorityfor core mmplini, and the numberof requiredanalytes

. wu reducedtad refocusedon stfety-relatedpropes_es.

* _ DuHnl ltepertlnl Period. The DataQuality Objective (DQO)
- _ during the last reportingperiodprovides requirementsfor dataused to

safety decisions _uck et al. 1993). The ferroeyanidedataquality
objectivesate now _g applied to the analytical laboratorydata obtainedfor
tank 241-T-107. All samplingrequirementsoutlined in the DQO document
assume a representativecore is available. If core recovery is poor, results may
be biased.

Samplerecovery for tank241-T-107 was only sufficient to split three of the 12
core segments into half segments. The core segments split were: core
5i-,ellment 3; core 51-_ment 4; and core 52-sellment3. A summaryof this
limited data is _ted in Table 4-1. Noticeable _ds can be observedby
corzelatin$the data accordingto the DQO requirements. The middleand lower
depthsof sludge ate about 55 wt_ water. The concentrationsof sulfurand
strontiumincrease from the middleto lower depths, but then noticeably dropat
the d_ layer of waste.

Table 4-1. Spaelal Examinationof DataObtainedfrom Tank 24l-T-107.

Core No.- CN" _r *_Cs S
Sql_t No. (.u$/8) _Ci/8) (.uCi/8) _g/g)

...... itI I I iHiH tllfIH t I ItttlllIt It I t

31-3 (tOp) 109 190 15.3 3,440
* --- I i]l II I ij [ /ill I I I[ I

51-3 (bottom) 102 240 17.1 4,270
..... I I III III I I ........

" 52-3 (tOp) 34 99 7.8 2,630
L IHI II III II Ill I II IIII III I [ I II IIIl[III I

52-3 (bottom) 46 16 10.6 3,530
" I iii1[ I I i I II I L II Illlll IIII I

51-4 (top) 89 232 17.9 4,370
ill l I I i [ I I I I! iiil[ I I I

51-4 (bottom) 57 28 13.6 3,080
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The original February 28, 1994 milestone for completionof the 241-T-107 data
intm'pretaflonreportwas deferredto August 15, 1994. Completion of the report.
is being delayed by the lack of available data_use of poor core recovery.
Althoughcore recov_ was poor, extremely low energetics and cyanide values
obtainedfrom the samplesthatwere collected suggest thatwaste from tank
241-T.107 poses minimalrisk for an exothermicferrocyanidereaction.
Therefore, there are no plans to re-sample this tankin the near future.

. Pianmd Work For Su_uent Months. The data interpretationreportfor tank
241-T.107 will be compl_ in August 1994. The f'errocyanideDQO document
_k _ al. 1993) will be updatedand re-released next quarteras a
WestinghouseHartfordCompany SupportingDocument(SD). Because the DQO
reportis a living documentand may receive several revisions, the SD format
allows the Hartfordlaboratoriesto quickly retrieve the most currentversion for
theiruse.

• Problem Areas and Actions Taken. None.

• Mlimtone Statm.

- February 28, 1994: Complete interpretationof ferrocyanide
tank241-T-107 analyticaldata and issue a reportcleared for public release.
This milestonewas deferredto August 15, 1994, because of difficulty in
interpretingthe limited data from core sampleswith low recovery.

- September 30, 1994: Obtainfull-lengthpush-mode core samples from
two ferrecyanide tanks(241-C-111 and -C-108).

- Sep/ember 30, 1994: Obtain full-lengthrotary-modecore samples from
threeferrocyanidetanks(241-BY-104,-106, and -105).

- Sep/ember 30, 1995: Obtain full-length rotary-modecore samples from
the remaining ferrocyanidetanks.

- March 31, 1995: Completedata interpretationreports, for public release,
for five ferrocyanidetanks(241-C-111, -C-108, 241-BY-104, -BY-106,
-BY-105).

- June 28, 1996: Complete data interpretationreports, available for public
release, for the remaining ferrocyanidetanks.

Fmsrier Transform Infrared Spectroscopy Analyses. FTIR spectroscopyis rapidly
becomingthe method of choice for demandingapplicationssuch as in situ and remote
chara.,,_tion of highly toxic and hazardousmaterials. Recent developments in FTIR.

. I I I II|l III I II [II I I I till I lift I II t I
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based fiber optic spectroscopy have provided a new methodology to chemically characterize
fwroc_de-_g waste. Chemometricsand microprocessorsthatallow storageand rapid
analysesof datahave dgniflcantlycontributed to the developmentof state-of-the-artfiber
opac

• Prosren Durinl Reportlnj Period. A preliminarystudy (Rehapy et al. 1994)
was conductedto determinethe potentialof a remote FUR system and to assess

" possible limitations.Expedmenuwereconductedon In Farmferrocyanide
dmulant. The techniqueis based on fiber optic evanescent field absorptionwith

. timoptical fiber serving as an all-fiber absorptioncell. Silv_ halide (AgBr/CI)
and very low-OH silica fibers were used as waveguidesfor mid-infraredand
near-infrax_ radiations,respectively. In general, the spectraobtained resembled
thosecollectedfromthe samewasteusingconventionalFTIR sampling
accessories(Rebapyetal.1993).Thisstudydemonstratedthepotential
applicationofthetechniqueforhotcelldeployment.Work isunderwayto
developachemometricquantitationmethodtoanalyzespectraldata.
Concurrently,commercialfiberopticprobesoptimizedforHartfordSitewaste
characterizationhavebeenordered.

An alternativetothefiberopticoption,suitableforthecharacterizationof
milligramquantitiesofactualwaste,istheuseofhollowlightguides.A system
of robust metallicoptical conduitscan provide the infraredtransmission
capability to communicatebetween the FTIR spectrometerand the samplelocated
in a laboratoryhood up to 30 feet away. Such a setup isolates the samplefrom
the spectrometer,_'events potentialradioactivecontaminationof the
spectronmmr,and also minim personnelradiationexposure. Preliminary
examinationof the data indicates that this techniquecan measure ferrocyanide
and water simultaneouslyin the mid-infraredregion.

FourierTransform infrared-photoacoustic(FrlR-PAS) Rmctmscopy is one of the
instrumentalmethodsused to study the molecularstructure of a variety of
ma_. This technique'sability to characterizewaste sludges is being
investipted by Ames Laboratoryof Iowa State University in collaborationwith

" WestinghouseHanford Company. Preliminaryresults show it to be a useful
complemen_,'y technique to the fiber optic and light guide techniquesbeing

. d_elopedatHanford.

Thereismuchinterestinknowingspecificlocations,concentrations,and
chemicalstructuresofferrocyanidewaste.Infraredmicrospectroscopycanbea
suitablemethodforaddressingthisinterest.Withaninfraredmicroscope,
equippedwithacomputer-controlledmicropositioningstageasamicro-sampling
accessory,infraredspectralinformationcanbeobtainedatprecisespatial
locations.Well-definedareasassmallasI0micrometers(_m)indiametercan
beprobed.A newFTIR spectrometrysystemequippedwitha near-infrared
Raman and infraredmicroscopeaccessories has been purchasedand installed at

l!]llllllll [_HII I I J I 111111IIII I i II II II I |IIII
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Westinghouse Hartford Company. This instrument is capable of micro-
spectroscopic imaging for compositional mapping of the ferrocyanide waste.
Additionally, the wute can be screened for its molecular structure both by
infrared and Raman methods using the same instrument.

• _ Work For Subsequent Months. In the next quarter, Ames Laboratory
is scheduled to transfer to Westinghouse Hanford Company part of the
_-PAS technology it has developed for waste sludge characterization.

Visible and infrared light examinations of the ferrocyanide sludge will be
conducted in FY 1994.

• Problem Areas and Actions Taken. None.

• Milestone Status.

. ' ri.July 30, 1994: Provide an rote m letter report on the status of FTIR
system performance in analyzing simulants and actual waste material.

- September 30, 1994: Issue a publicly available progress report on
FY 1994 FTIR work with recommendations on future work.

- September 30, I_5: Issue a final report on FTIR technology
development and demonstration, if warranted.

- September 30, 1996: Deploy an in situ FTIR system, if warranted.

4.4.2 Estimation of Moisture Content

Methods for determining moisture concentrations in ferrocyanide waste tanks are being
developed using data analysis and available surveillance systems. Two in situ moisture
monitoring technologies are currently being investigated by the Ferrocyanide Safety Program:
neutron diffusion and near infrared (NIR) spectroscopy. Additional moisture monitoring
technologies, such u copper foil activation, phase change thermal measurements, electrical
conductivity, and time domain reflectometry, are being evaluated by other programs.

Neutron Dlffnsion. Well-logging techniques, coupled with computer modeling, are being
developed and applied to an existing neutron probe to determine information about moisture
levels, material interfaces, and other waste characteristics in the ferrocyanide tanks. The
development of a new, improved neutron diffusion based detector system is being
investigated. This improved technique would primarily be used to determine the axial
moisture concentration profile within the ferrocyanide tanks.
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Moisture measurement using neutron diffusion is an established technology. The technique
uses a neutron source and one or more neu_n detectors. The thermal neutrons reaching a
detector originate as fast neutrons from the source and are slowed or absorbed by the
medium. Because hydrogen atoms are effective at slowing down neutrons, the detector
response is a strong function of the surrounding moisture concentration.

Two methods are generally used in the measurement of moisture concentration around wells
using neutron diffusion. The first method, the moisture gauge, has a short souree-to-detector
_g on the order of 0 (the source is placed in a ring around the detector) to 6 cm. The

. response of a moisture gauge is characterized by an increase in detector response with
increasing moisture concentration of the surrounding medium. The second method, the
neutron log, often has two detectors with longer source-to-detector spacings (20 to 50 cm).
The detectors in a neutron log arrangement exhibit a dec_ response to increased
moisture concentrations. The detector placed at the shorter spacing is used to correct the
response of the longer-spaced detector for borehole effects.

The souree-to-de_:tor spacing of the existing probe may be adjusted with the addition of a
source extender. Computer modeling of the existing neutron probe system revealed that, in
its current configuration, it responds most like a moisture gauge. The probe will operate as
a neutron log with the addition of a source extender.

• lh'o_ Durlnl Reporting Period. Using the knowledge gained from
computer modeling, in sit_ measurements, and experimental calibration data with
the current in-tank neutron probe (Watson 1993), prototype moisture
measurement neutron probes have been designed. The probes are being
assembled and tested. These prototype devices will utilize both thermal and
epithermal neutron detectors, and will allow for both shorter and longer
sourco-to-detector spacings than the current in-tank probe. To evaluate the
prototype probes, a test area has been established. The probes will be calibrat_l
in ferrocyanide waste simulants and will be tested in gamma fields comparable to
those expected in the ferrocyanide waste tanks.

Neutron detectors for the prototype probes were obtained and initial tests using a
" Cf-252 neutron source were performed this quarter. The resolution and optimum

operating voltages were determined for the probes. High-voltage power supplies,
. preamplifier circuitry, lead gamma shields, and thermal neutron shields were

obtained for initial testing of the probes. A test housing to hold the neutron
source and a saltcake simulant-fiUed drum, containing about 17 wt% moisture,
were fabricated this quarter.

A modeling study was completed to determine the potential effects of
transuranics on neutron moisture measurements. Results indicated that mc_sture

measurement would be unaffected by the low concentrations (about
10"3g/L z_q_u)expected in most ferrocyanide tanks. For concer,trations of less
than about 1 g/L _Pu, the increase in the background neutron flux could be
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easily measured during a passive neutron scan of the tank. Subsequent active
moisture measurement neutron scans can be corrected for this value. For

concentrations of more than about 1 g/L 23_Pu,both the passive neutron counting
rate and the rate observed with a neutron source attached to the probe would
quickly increase. Such an effect could be readily measured and identified, but
would make an accurate interpretation of neutron data for moisture estimation
difficult.

Previous modeling and experimental measurements have shown that a neutron
probe can measure moisture concentrations of surrounding homogeneous
moisture content materials. In-tank photographs and neutron scans have shown
that the actual material geometry surrounding the LOW is sometimes more
complicated. Annular air holes exist around some LOWs and other material
anomalies could exist immediately around a LOW. Material anomaly studies
have included modeling and visualization of the interrogation volume of the
probe as it scansthrough material interfacessurrounding a LOW. Figure 4-1
shows a cross-sectional view of the g_metry, materials, and calculated neutron
intm'action densities modeled to represent tank 241-BY-111. The shading
surrounding the detector represent the location and density of neutron scattering
events for neutrons that are eventually detected in the detector.

These studies are leading to an increased understanding of scans obtained from
several ferrocyanide tanks. Modeling suggests that it should be possible to
identify many of the anticipated anomalies (e.g., air-filled rings, liquid-filled
tings, dry waste rings, and liquid-saturated waste rings) and make appropriate
corrections to the moisture estimate.

• Planned Work for Subsequent Months. Final tests will be performed on the
completed neutron probe prototypes. These tests will include moisture response
calibrations with known moisture content ferrocyanide waste simulants, and tests
under gamma irradiation. Computer modeling will be performed to compare
calculated predictions with the measurements. These same computer models will
then be adapted to perform tank waste modeling. Results of the tank waste
modeling will assist with interpretations of prototype tank scans yet to be
performed. Initial test scans of ferrocyanide tanks using the prototype probes are
scheduled to begin in June 1994.

• Problem Areas and Action Taken. Simulants, neutronically equivalent to
ferrocyanide waste, with known moisture (hydrogen) concentrations must be
acquired for final testing and calibration. In order to correct for material
inhomogeneities around the LOW, experimental results will be needed in
simulantsarranged to model anticipated material geometries. These results will
be used to confirm modeling results for a few selected physical situations and
moisture contents. Simulant compounds, with neutronic properties matched to

ii i Ill
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Figure 4-I. Cross-Sectional View of the Geometry, Materials, and Calculated Neutron
Interaction Densities Modeled to Represent Tank 241-BY-111.
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those expected in actual tankwaste, have been identified. These simulant
formulationswill be preparedto evaluate the prototypeprobes. Unexplained
measuredneutronprobe count rates at the bottomof some tankLOWs have been
observed. Furtherinvestigationrevealed that the mostprobablecause of these
observed count rates is the presence of several inches of water condensed in the
bottom of the LOW.

• Milestone Status.

- September 30, 1994: Provide a documentedworkingprototypeneutron
probe system for moisture monitoring.

- September 30, 1995: Complete installationand deploymentof the first
phase of the neutronmoisture monitoringsystem and initiate monitoring.

- September 30, 1996: Complete installationand deploymentof the neutron
moisture monitoringsystem for routinemonitoringin ferrocyanidetanks.

Near Infrared Spectreseopy. Infraredspectroscopyof samplescontainingwater is normally
dominatedby strongabsorptionfrom the water molecules. The strengthof this absorption is
sufficientthat the back scatteredlight from a surface can be used to determine the water
content. In this application, the near infrared1.4 - 1:5 x 104-m region is being investigated
for moisturedeterminaticmin tank waste materials. This optical band, in additionto having
a strongsensitivity to water, can be instrumentedwith conventionaloptical fibers, windows,
and lens components.

For waste tankapplications,two methodsof implementingNIR absorption are being
investigated. Both approachesuse back-scatteredNIR energyand wavelengthprocessing to
extract moisturedata. The first method uses an NIR spectroscopysystem with a remote
fiberoptic probe thatmakesa point moisturemeasurement. This system could be deployed
by a cone penetrometeror surface scanningarm, such as the light duty utility arm being
develoI_ for early in situ tankinvestigations. Deploymentas a contactor non-contact
sensor is possible since window and lens components are availablefor the NIR optical
region. The second implementationmethod being investigated is a non-contact remote
camerawith a sensitive NIR detectorand powerful NIR source thatwill measure moistureof
a point from a large lift-off distance. By scanningthis point over the waste surface, moisture
datacan be obtained, in much the same way thattemperaturecontours are obtained using
thermalcameras.

. Progress During Reporting Period. The University of Washington's Center for
Process AnalyticalChemistry(CPAC) is completinga Phase 2 study addressing
issues such as particulatesize and materialmatrix changes. A previous Phase I
CPAC task revealed thatfor three spectralregions (visible, NIR, and
mid-infrared)the NIR regionproducedthe best moisture sensitivity (0.5 wt%
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limit over a 0 to 20 wt% moisture range)and the simplest (one parameter)
calibrationmodel. A Phase 2 full-scale demonstrationcompletedby CPAC has
shown that there is adequatesensitivity to consider a non-contactcameratype
moisturesensing system.

A Phase 3 task was contractedto CPAC this quarterto complete the tank-_le
. test/demonstration,to optimizeand transferthe NIP.calibration technology to

WestinghouseHartfordCompany, and to provide calibrationstandardsfor
T Plant and tank 241-BY-104 sal_ simulants. CPAC will also test the NIR

- concept with the T Plantand 241-BY-104 saltcake simulants.

Cold testing was initiatedwith the NIP,spectroscopysystem delivered by
SavannahRiver Laboratory(SRL). An initial system documentation(system
operatingdocumen0 task was necessary, since the system came from SRL
without documentation. The cold test will be used to evaluate the performance
of the NIR system priorto movingit into a hot cell environment. The CPAC
NIR calibration model will be integratedwith this NIP.,spectroscopysystem to
develop a complete remote probe moisture sensing system.

A list of archivedtank waste materials has been identifiedand will be used for
hot cell moisture testing. The hot cell, resources, and archivedtank materials in
the 222-S Hot Cell Laboratorywill be used for this work. Efforts to obtaina
second NIR system for hot cell use are underwayand the second system should
be operationalby September 1994.

• Planned Work for Subsequent Months. Operationaldocumentationfor the
SRL system will be completedto supportcold and hot cell system operation. To
accelerate this work, a second NIP,system is being acquired from SRL thatwill
be used for hot cell testing. Integrationof an SRL NIR system with the CPAC
calibration model will be initiatedand a report on CPAC Phase 2 moisture
sensing feasibility workwill be published.

• Problem Areas and Action Taken. None

• Milestone Status.

- March 31, 1994: Completethe Phase2 surface monitoringinterference
study/scale up report. Transmittalof the reportfrom CPAC has been
delayed approximatelyfour weeks.

- August 31, 1994: Complete Phase 3 surface monitoringwork and provide
a report.

- September 30, 1995: Complete the surface moisturemeasuring
development workand the in-tankdemonstrationtest.

4-19



WHC-EP-0474-12

ii ii i i ii ii ii f i i ,1111 i ii
lull iii i iii , ,,,i i i , i , ,, , ,,,,,11 ,f,,, , , ,, ,HIlli ,,,,, ii

- September 30, 1996: Initiate installation of surface moisture monitoring
equipment if the demonstration test is successful and the need is warranted.

- September 30, 1997: Complete installation of the surface moisture
monitoring system, if warranted.

4.4.3 Preparation and Characterization of Ferroeyanide Waste SImulants

Ferrocyanide waste precipitates are being prepared and analyzed to determine the
composition, physical properties, and chemical reaction properties of simulants that represent
ferrocyanide waste stored in SSTs. The analytical results from these simulants, along with
analyses of actual tank waste samples, waste tank monitoring, and waste modeling, provide
information to characterize with a great deal of assurance any safety concerns relating to the
sludge in each of the ferrocyanide tanks.

Five waste simuiants (without radioactive species) are being used to represent the variety of
waste produced in the mid-1950s and stored in SSTs. Ferrocyanide waste produced at the
Hanford U Plant is represented by U Plant 1 and U Plant 2 test mixtures. The U Plant 1
waste simuiant represents 41 of 59 batches and the U Plant 2 simulant represents 9 of 59
batches of U Plant waste. The average U Plant batch volume was about 2,300,000 L
(600,000 gal). The other nine batches of U Plant waste are expected to have a ferrocyanide
concentration between that of U Plant 1 and U Plant 2. A test mixt0re representing these
batches will not be prepared and tested.

The In Farm fiowsheet waste (in four C Farm tanks) is represented by In Farm I and
In Farm 2 test mixtures. The In Farm 1 test mixture is representative of one batch (expected
to have the greatest ferrocyanide concentration) of the 29 In Farm batches processed in the
1950s. In Farm 2 is representative of' 11 intermediate ferrocyanide concentration batches of
the 29 In Farm batches. An average-sized In Farm batch was approximately 1,300,000 L
(,;00,000 gal). It should also be noted that 6 of these 29 scavenging batches did not contain
any ferrocyanide, but sodium sulfide was added to enhance precipitation of _°Co.

A T Plant simulant was prepared for testing to represent the six T Plant batches produced.
An average sized T Plant batch was 2,098,000 L (534,000 gal). The T Plant ferrocyanide
sludge is stored in three TY Farm tanks.

Three main adjustments from the actual processes used in the 1950s were made in the
laboratory scavenging preparation method to provide waste simulants representative of
ferrocyanide sludges. These changes are as follows: (I) the solution concentrations were
adjusted to include nitrite at a 1:3 mole ratio of nitrite/nitrate, to account for nitrite buildup
over time in the waste by radiolysis of nitrate; (2) the waste simulants prepared for
characterization do not contain radioactive isotopes present in actual waste, because of the
difficulty in working with radioactive materials; and (3) the settled waste simulants from the
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laboratory scavenging process were centrifugedat a force of ~ 2,500 gravities to mimic an
equivalent30-year settlingperiod.

The moisturecontentof ferrocyanide sludgeis very importantin the exothermicreaction
behaviorof ferrocyanide/nitrate-nitritemixtures. Studies are underwayto evaluate the
moistureretentionpropertiesof ferrocyanidesimulantsas they relate to possible waste tank

. leaks, tank stabilizationby pumping, and possible evaporationfrom exposed surfaces.

• Progress Durin8 Reporting Period. Tests are continuingto determine the
- amountof moisture remaining in the simulantsin the event of a free-flowing

drainage, such as a tankleak or saltweUpumpingof liquids for tank stabilization.
Three types of tests are being conducted: (1) a free flowing liquid drainagetest
using In Farm2 top fraction simulantat one atmospherepressure;(2) centrifuge
tests with open endeddrainageup to 2000 gravities; and (3) gas pressure tests in
TempeJ cells.

The free-flowing liquiddrainagetest has continued21 months. A 4-inch
diametercolumn was filled to a height of 8 inches with In Farmsimulant and
allowed to gravity drain. The initial free water contentof the simulant was
53 wt%. Calculationsfrom the measuredliquid drainedto date indicate that the
remaining material has a watercontentof about49 wt% (Figure 4-2). Liquidis
continuingto drainvery slowly from this materialwith no terminationanticipated
in the near future. Some consolidationof this simulant has been observed during
the test.

Figure 4-2. Weight Percentof Free WaterRemainingas a Function of Time.
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Scoping, vented centrifugation tests conducted at 10, 20, 50, 100, and
2000 gravities with In Farm simulant on a fritted porus media (30-_m-sized
openings) resulted in final water contents of about 48, 47, 46, 45, and 34 wt%,
_tively. This identifies a final water content which is above the minimum
water required to prevent propagation in the most concentrated ferrocyanide
simulant. Consolidation was measured for these tests and indicates that the
decrease in simulant volume corresponded closely to liquid volume loss. This
suggests that Hquid loss from the simulant is due to consolidation rather than

unsaturated flow of Hquidfrom the simulant. The decrease in volume was only
slightly greater than the volume of liquid lost from the samples. Permeability
calculations are being evaluated from these test results.

Modeling analysis of simulant drainage is continuing to evaluate ferrocyanide
sludge water loss during gravity drainage. Data from the small column,
centrifugation experiments, and Tempe TM cell tests are being used to estimate the
hydraulic properties that control liquid flow in the sludge. The modeling will
incorporate consolidation processes observed during the various tests. Potential
evaporative loss of water from the waste is being evaluated to determine if the
modeling should include this phenomenon also. Sludge has been shown to lose
moisture under low relative humidities.

• Planned Work for Subsequent Months. A ferrocyanide waste simulant based
on characterization of actual tank waste samples will be prepared, analyzed, and
tested. Propagation tests will be conducted to determine the minimum water
content which will prevent a stoichiometric mixture of ferrocyanide and
nitrate/nitrite from propagating when exposed to a strong ignition source.
Simulant drainage and centrifugation tests will continue. The effects of relative
humidity on moisture content will be evaluated under geometric conditions
representative of the SSTs.

A report on the three methods used for drying the ferrocyanide waste simulants
will be prepared and issued.

• Problem Areas and Actions Taken. None.

• Milestone Status.

- March 31, 1994: Issue a report, available to the public, on the evaluation
of the three waste simulant drying methods. Because of data interpretation
difficulties, a decision was made to repeat some of the moisture analyses.
Therefore, publication of this report will be delayed approximately two
months.

- May 31, 1994: Issue a report, available to the public, on the chemical and
physical properties of the T Plant ferrocs'8.,',idewaste simulant.
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- September 30, 1994: Complete drainage tests on ferrocyanidewaste
simulantsand issue a publicly availablereporton modeling and moisture
retentionby ferrggyanidesludge.

- September 30, 1994: Issue a publicly available report on the effects of
relativehumidity on moisture retentionin ferrocyanidewaste.

Q

4.$ CHEMICAL REACTION STUD_ "

"The schedule for the program on study of the chemical properties and explosive behavior of
the waste in thee tanks is indefinite and does not reflect the urgent needfor a comprehensive
and definitive assessment of the probability of a violent chemical reaction. The study should
be extended to other metalltc compounds offerrocyanlde that are known or believed to be
present In the tanks, so that conclusions can be generalized as to the range of temperature
and other properties needed for a raptd chemical reaction with sodium nitrate."

Chemicalreaction studieson ferrocyanidewaste simulantsare being conductedby
WestinghouseHartfordCompany, Fauskeand Associates, Inc. (FAI), PNL, and Los Alamos
National Laboratory. Westinghouse HartfordCompanyand PNL have producedflowsheet

U 'simulantmaterialsfor testing and characterization. FAI is cond cting adiabaticcalorimetry
and propagationtests on these same flowsheet materials.

4.5.1 Chemical Reaction Studies at Pacific Northwest Laboratory

Chemical reactionstudies ate continuingat PNL using flowsheet simulantmaterials. Waste
studiesaddressing DNFSB Recommendation90-7.5 were conductedto determine: (1) aging
effects of more than 35 years of storage in the tanks; (2) the speciationof cyanides foundin
the actualtank waste; (3) the solubility of sodium and cesium nickel ferrocyanides;and (4)
possible microconvectionmechanismsthat may have allowed mixing of the ferrocyanide
sludgewith caustic solutionsadded to the tanksduring tank operations.

,, Progress During Reporting Period.

- Aging Studies. Additionalwork was performedduring the quarterto determine
the influence of soluble cesium ion on the dissolutionof ferrocyanidewaste
simulants. Two experiments were conductedto explore the dissolution of vendor
material [Na2NiFe(CN)6• Na2$O4• 4.5 H_O]in caustic solutions (3 M and 4 M
NaOH) containing2.3 x 10.3M CsNO3. Results from both experimentswere
very similar. Dissolution, as determinedby _e soluble iron in solution
(ferrocyanideanion), was 70 to 8095 complete within two minutes, and reached
85 to 9095 after24 hours. Cesiumuptakewas also very rapid, with 98%
incorporationinto the solid phase after two minutes. Figure 4-3 comparesresults
of additionalexperimentswhich were conductedin 4 M NaOH with 3 x 104 and
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2.3 x 10.3M cesium ion. About 10_ less dissolutionwu observed at the Idllher
cesiumconcentration.

The dissolution behaviorof the vendormaterialin the presenceof soluble cesium
is much differentfrom that of the In Farm I materialthatalreadycontains
cesit_min the solid phase. Cesium in the solid phase inhibits dissolution, making
dissolutionof the In Farm I materialslow relativeto materialnot containing
oesium. Dissolution of the vendor materialis not inhibitedinitially and
dissolution is rapid. However, as cesium exchanges into the solid phase,
dissolution slows and eventually stops.

Figure 4-3. Dissolution of Vendor Materialin 4 M NaOH in the Presence of
3 x I0"3and 3 x 104 M Cs Ion
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Two aging experimentswere completedin the gamrr,apit this quarter. Both
experimentswere conductedusing 0,5 gramsof In Farm I simulantin 25 mL of
2 M NaOH. The sampleswere irradiatedat 1 x t0_ Rad/h in the gamma pit for
three weeks. One experimentwas heatedto 90 °C (194 °F) and the other to
70 °C (158 °F). The vessels were removed from the gamma pit at various times
and the contents analyzed for ammoniaconcentration. Results for the aging
experimentsare shown in Figures4-4 and 4-5. The control experiment did not
receive gamma irradiation.

..... imll .... lull i 1 1111 iii p ii . lllm ., ,== i ,, , , , ,_ i

4-24



WHC-F#-0474-12

I iiilUIiIIIl!l iiinll[ i ]1 i ii [jlllll ii iii!1111[[ LII[IIII ! ii iii IIIIIFIIII[[[IIIIIII[ ] I I[ ..... II IIIIIII I I II II II I J [J] -- I I]1[ [lUll( IIII I I Ill HH III ] [ lillllllll III I HITIIIIIfHIIHII!I]Ii_(I I I ..... .. : " In I

Fillure 4-4. Am_ ProductionDuring the _iaflon of In Farm 1
Simulantat 90 'C in 2 M NaOH
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Figure ,t-5. Comparisonof AmmoniaProductionat 70 and 90 °C During Irradiation of
In Farm 1 Simulant in 2M NaOH
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_tamininl Fi|_ 4-4, the greateramountof ammonia in the gamma-irradiated
vegel shows thatgamma radiationpromotes hydrolysis. The low ammonia
productionat the startof the experimentmay indicatean inductionperiod or a
progressivesaturationof the stainlesssteel surfacewith ammonia. The amount
of ammonia present in the final sampleconvsponds to approximately60M
hydrolysis. As shown in Figure 4-3, the extent of hydrolysis_ much less at
70 "C. Results for both experimentsare plottedon a common abscissa.

Cylnide Speciatlon. An FTIRspectrometerequl_ with a remote detector
was installed into a radiologicallycontrolledlaboratorythis quarter.The
_meter is equippedwith a remote _tor compartmentlocated withina
mdioloSicallycontrolled hood for the analysisof radioactivesamples.
Forrocyanide_ _ samples from tanks24 I-C-109 and .I 12 are being

for analysis. Specific samples will be chosen for _ analysis to
allow comtaflson of initial_ results with previous total cyanide results.

Developmentwork on the ion c_matography speciationmethod continu_
durin8 thequarter.Effortsarecenteredonenhancingthedetectionlimitwhile
main_.ingbaselinechromatolffaphicseparationbetweenferricyanide(FeJ+)and
ferr_de (Fez+)species.Theinfluenceofpotentialorganicandinorganic
interferences on cyanide species detectionis also being determined. Baseline
aepm'ationfor a combined sampleof ferricyanideand ferrocyanidecomplexes
was achieved with each species within the I-I0 ppm concentrationrange. A low

• _ limit is importantfor two reasons. It provides maximumsensitivity for
cyanofetrate species present in actual waste samples, and it ailows higher dilution
factors for tank waste samples, minimizing personnelexposures.

Mkroconvectlon ModeUnj. The purpose of this task is to evaluate possible
mechanisms for cesium nickel fetr_yanide mobilizationand transport. The
majorefforts are to expand the 2-D transportmodel (developed last fiscal year)
to accommodatemultiplespecies,andthencouplethetransport codewith an
equilibriumchemistrymodel. Theendgoalof the modelingstudiesis to
quantitativelypredicttheamountof ferrocyanidethatcouldhavebeensolubillzed
and subsequently removed from the SSTs. These convection mechanismsinclude
buoyancy-aidedflow as a resultof gradients in temperatureand fluid chemical
composition.

During the quarter,a solution algorithm was coded and tested for the 2-D
continuityand momentumbalance equations. The solution techniqueuses the
stream-functionvorticity method to eliminate the pressure variablein the
momentum equation. The streamfunctionpotentialequation is solved using a
successive over-relaxationmethod. The new algorithm was added to the Tank
Waste Simulatorcode and the code now has capabilitiesfor solving coupled
fluid, heat, and mass transportproblems. The internal heat generationin the

. i[i _ _ . ii . ii lllll iil iii i i i ,iiiii i iii i ii]i ii i i . -
.... ]11,1 _. ! ,i,,, i i in, , , i i i
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was foundto establisha bifurcatedflow field, as illustratedin Figure 4.6.
Convectivema. __rt canoccuralongtheflow sm.unlina.

Figure 4.6. BifurcatedFlow Field in PorousWaste Sludge

Cyuoirerrate SolubUlty Study. Solubilitystudies are beingconductedto
• investipte the solubility of sodium and cesium nickel ferrocyanidecompounds.

This informationwill allowaccuratepredictionof theinfluenceof chemical
interactions and physical changeson the concentrations,of these materialsin the

" solid and liquid phases of the fermcyanide tank waste.

SuslmnsionscontainingNi_Fe(CN)_(0.001M),CsNO_(0.00003to1.0M),and
NaNOs (0.001 to 10_ werecentrifugedandfiltered through 0.0018-/_mfilters
after mixingfor three days. As expected, analyses indicatedthatCs is readily
removedfrom solutionby Ni_Fe(CN)e. With the increasingCs concentntion,
the amountof Cs removed decreased. The maximumamount of Cs removed
exceeded the amountof Cs required(8.5 milligrams)for the formationof
CsNit_Fe(CN)6,as shown in Table 4-2. It is difficult to tell from these results
whethertheCs removalisasa resultofionexchangeortheformationofa solid
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solution. These _ts will be furtherinvestigatedin studies thatare currently
underway.

Table 4-2. Effect of AddingCsNO_to 20rag Ni2Fe(C_6 Suspensionsin
0._IM N_Fe(CN)6.

o

...... ,,,, ............. , , .... L ,_......

InitialCs Final Cs Cs Removed
.... (rag/L) (rag/L) (rag)

I I I , I] n I I
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709 478 9.20
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2830 2302 21.1
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• _ Work For Subsequent Months. The aging study radiolysis and
hydrolysisexperimenu will be continuedin Farm flowsheet simulant.
Temperatureand pH will be evaluatedduringgammapit radiolysisexperiments
to determinerates of hydrolysisunderprojectedtank waste conditionsas they

for the years immediatelyafter ferrocyanidewaste scavenging.

Cyanide_tion analyticalmethods development,including ion
chromatography(IC) methods and solution IR methods, will continue until the
validatedtechniquesand procedurescan be routinelyappliedto samples in
analyticallaboratoriesat PNL and WestinghouseHanfordCompany. The studies
will include determinationof interferencesand possible corrections.

Microconvectionmodeling studies have been expandedand an improvedmodel
incortx_ratingkey physical and chemical propertieswill be used to evaluate
potential fluid movementin the ferrocyanidetank.

• Preblem Areas and Actions Taken. None

!llJII I I L Ill ...... I __ ---- Jill II
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- September 30, 1994: Issue the final PNL report,cleared for public
release, on PY-1994 hydrolysisand radiolysisaging experimentswith
ferrc_anide waste materials.

. - Septmnber 30, 1994: Issue the final PNL report,cleared for public
release, on solution IR andIC cyanoferratespeciationactivities and
applicationfor routine measurementsin the analytical laboratories.

- Sept.-mb,,..r30, 1994: Issue a publiclyavailableprogress reporton
PY 1994 workon the solubility of sodium/cesiumnickel ferrocyanide
compounds,with recommendationson futurework.

- September 30, 1994: Issue a PNL report,cleared for public release, on
microconvectionmodelingand the effects projected to have occurredin the
tank waste from this phenomenonduring more than 35 years of storage.

- Septmnber 30, 1994: Issue a progressreport,availableto the public, on
FY 1994 studies comparingchemical and physicalparametersof
fenocyanide waste simulantswith actualwaste samples. The report will
include recommendationson future work.

- September 30, 1995: Issue the final PNL report integratingall
l_errocyanideSafety Programhydrolysisand radiolysis aging activities.

- September 30, 1995: Issue a final report, availableto the public, on the
solubility of sodium-cesiumnickel ferrocyanidecompounds underwaste
tank conditions.

- September 30, 1995: Issue a final report,availableto the public, on
studies comparingchemicaland physical parametersof ferrocyanidewaste

. simulants with actualtank waste samples.

" 4.$.2 Ferrecyanide Propagation Studies

Ferrocyanideadiabaticcalorimetryand propagationtests are continuingat FAI undercontract
to WestinghouseHartfordCompany. The results of these tests are being used to help
determineif local regions within the ferrocyanidewaste can ignite and bum to spreadand
involve additionalwaste from a potential ignitionpoint. Propagationvelocity is a key
parameterin determiningsafety consequencesof postulated burns, includinga potential
radioactivityrelease.
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Because the composition of the waste in the storage tanks varies and is not known at all
locations, ranges of material compositions have been tested. Present work is focused on the
T Plant and the more reactive In Farm 1 simulants. Sludge produced by the In Farm
flowsheet is stored in four C Farm tanks and represents about 26% of the total ferrocyanide
used in the Hanford Site scavenging processes. Sludge produced by the T Plant flowsheet is
stored in three TY Farm tanks and represents about 8% of the total ferrocyanide used during
the HartfordSite scavenging processes. Adiabatic calorimeter tests have also been initiated
to assess possible organic fuel contributions to energy releases during ferrocyanide reactions.

• Progrem During Reporting Period. Propagation tests were conducted on dried
In Farm 1 simulant which was diluted with nitrate to near the limit for

propagation. Propagation tests were conducted with dry (0 wt% free water)
mixtm_ at Na2NiFe(CN)e concentrations of 12, 13 and 14 wt%. Preliminary
results of tests at an initial temperature of 30 °C (86 °F) show that the limit of
propagation was between 13 and 14 wt%. The test conducted at 14 wt%
propagated at a very low rate, while the two tests conducted at 12 and 13 wt%
did not propagate. Another test conducted with 13 wt% Na2NiFe(CN)s at an
initial temperature of 130 °C (266 °F) did not propagate.

Pzcparafions are being made to conduct tests with stoichiometric mixtures of
disodium mononickel ferrocyanide and nitrate/nitrite to determine the
concentration of water which will prevent a propagating reaction for these high
fuel concentration mixtures.

• Planned Work for Subsequent Mouths. Complete propagation screening tests
with stoichiometfic mixes to identify important parameters. Define additional
parametric and ferrocyanide/organic tests to be conducted and initiate these tests
at FAI. Conduct dry out tests by simulating local heat generation in the sludge
volume.

• Milestone Status.

- July 30, 1993: Complete a report on the T Plant calorimetry and
propagation tests and the U Plant dryout tests. This report was completed
by FAI on July 28, 1993. The report was publicly released this quarter
(Epstein et al. 1994).

- December 15, 1993: Complete a report on conditions necessary for
ferrocyanide - nitrate/nitrite propagation. A draft of this report was
completed in November 1993 and the report was publicly released this
quarter (Fauske and Jeppson 1994).

- June 30, 1994: Complete screening tests of In Farm 1 simulant at FAI by
varying ferrocyanide and water compositions to define empirical line that
divides propagating and non-propagating mixtures on the triangle diagram



WHC-EP-0474-12

,i ii
i i i i ii i i H i i J,

(Postma et al. 1994). Issue a report, cleared for public distribution, by
September 30, !994.

- M_'eh 31, 199S: Complete parametric aerosol tests at FAI (if required)
that provide source terms for determining consequences of hypothetical
ferrocyanide burns in a ferrocyanide tank.

t

. - September 30, 1995: Complete the ferrocyanide calorimetry and
propagation test program at FAI as specified by Westinghouse Hartford
Company and prepare reports, available for public release, that support
resolution of the Ferrocyanide Safety Issue.

4.6 EMERGENCY RESPONSE PLANNING

"The Board had recommended 'that an action plan be developed for the measures to be taken
to neutralize the conditions that may be signaled by alarms.' Two types of measures are
implied: actions to respond to unexpected degradation of a tank or its contents, and actions
to be taken ¢'an explosion were to occur. Your implementation plan stated that 'the current
contingency plans.., will be reviewed and revised if needed.' We do not consider that this
proposed implementation of the Board's recommendation is adequately responsive. It is
recommended that a written action plan founded on demonstrated principles be prepared as
soon as possible, that would respond to indications of onset of abnormal temperatures or
other unusual conditions in a ferrocyanide-bearing tank, to counter any perceived growth in
hazard. A separate emergency plan should be formulated and instituted, covering measures
that would be taken in event of an explosion or other event leading to an airborne release of
radioactive nu_terial from the tanks, and that would protect personnel both on and off the
Hanford Site. The Board believes that even though it is considered that the probability is
small that such an event will occur, prudence dictates that steps be taken at this time to
prepare the means to nfftigate the unacceptable results that could ensue."

The Action Plan Jbr Response to Abnormal Conditions in Hanford Radioactive Waste Tanks
Containing Ferrocyanide (Cash and Thurman 1991a) was prepared in response to DNFSBt

Recommendation 90-7.6. The action plan describes the steps to be taken if a temperature
- increase trend above the tank temperature baseline is measured in any of the ferrocyanide
. tanks. The document was revised in December 1991 and reissued as WHC-EP-0407, Rev. 1

(Cash and Thurman 1991b) to include the monitoring criteria and responses for abnormal
levels of flammable and toxic gases, as well as the reporting requirements, if established
criteria are exceeded.

In adcfifton, the Tank Farm Stabilization Plan For Emergency Response (WHC 1991) was
issued in March 1991. If a radioactive release from a ferrocyanide tank were to occur, it
would be detected by one or more radiation monitoring systems. Significant airborne or
ground surface releases that spread beyond the immediate tank or tank farm would be
detected by the tank farm area radiation detectors. These monitoring systems are on all tank
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farms.An emergencyinvolvingan undergroundradioactivewastestoragetankisa unique
event with potentially serious consequences both onsite and offsite. The Stabilization Plan
analyzed the potential effects of an event involving one of these tanks, and additional steps
were p_bed so that emergency personnel can take mitigating actions in a timely fashion.
The Stabilization Plan includes predetermined mitigative actions for terminating the
emergency phase and providing a transition to the recovery phase. Acknowledging that an
event could range from minor to major releases, the Stabilization Plan addresses responses in
four distinct and defined steps that cover a broad range of consequences. The Stabilization
P/an provides quick, preplanned actions that can be used to stabilize an emergency event at
an underground radioactive waste storage tank.

Emergency"event recognition and classification, protective action recommendations, and
emergency notification emergency plan implementing procedures for response to tank farm
emergencies were completed and issued in June 1992. Training has been conducted and an
exercise was completed to validate the effectiveness of the procedures and training.

All actions with respect to emergency planning, emergency event recognition, protective
action recommendations, and emergency response procedures have been completed. Further
revisions and _onal validation exercises will be accomplished as part of the normal
Westinghouse HartfordCompany and DOE emergency planning efforts. No further reporting
on these issues is planned, and this part of DNFSB Recommendation 90-7.6 is considered
complete and closed.

DOE considers this recommendation to be closed with the proviso that the abnormal
conditions response plan and emergency plans are: (1) reviewed on a periodic basis;
(2) revised and updated as required to incorporate any additional controls determined
appropriate by the ongoing Waste Tank Safety Program investigations (e.g., the Action Plan

for Response to Abnormal Conditions in Hanford Site Radioactive Waste Tanks Containing
Ferrocyanide [Cash and Thurman 1991b] will be updated in May 1994); and (3) validation
exercises for various waste tank accident scenarios are conducted (exercises for the tank
farmsareconductedeverytwo years).

• ProgressDuringReportingPeriod.As notedinpreviousreports,allofthe

plannedmilestonesforthistaskwerecompleted.

• PlannedWork For SubsequentMonths. None planned.

• Problem Areas and Action Taken. None.

• Milestone Status. All milestones have been completed.

------- ...... -- i.; _7,
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5.0 PROGRAM SCHEDULES AND MILESTONES

Two sets of schedules (Figures 5-1 and 5-2) are presented in this section. The scope of some
of the program activities has changed since the FY 1992 program plan (Cash and Dukelow
1992) and the revised implementation plan (Borsheim et al. 1992) were released, and

. progress should be tracked against the schedules presented here. The first set of schedules
. reviews milestones for FY 1991 through FY 1994; these have been statused through

March 31, 1994. A status line was drawn showing the progress completed on each activity.
. Actions that have started or been completed are indicated by triangles that are filled in.

Work indicated by open triangles has either not started or has not been completed.
Diamonds indicate a TPA milestone.

The second set of schedules reviews out-year milestones for FY 1994 through the expected
end of the program in FY 1997. The sequence and anticipated completion dates of the major
milestones leading to Safety Issue resolution are presented.

ii i
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Figure S-I. Ferrocyanide Waste Tank Safety Schedule. (Sheet 2 of 4)
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FI_'_ 5-2. FerrocyanideWaste Tank Safety Schedule (Out Year). (Sheet I of 2)
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks'.

Total waste FeCN _ Heat load Maximum
Tank volume temp. Status of tanksa

(1,000gad (1,000g mol) (Btu/h)° (°C) (°F)

BX-102 96 < 1 2,800 18 64 IS;AL

. BX-106 46 < I 2,500 18 64 NS; Sound
- 17° 62
• i i

BY-103 400 66 5,500 27 81 NS; AL

BY-104 ..... 406 " 83' 8,700 52 126 IS; Sound
46° 114

i

BY-105 503 36 8,700 45 113 NS; AL
49 120

,,i,J, , i i i

BY--106 642 70 10,100 53 128 NS; AL

BY-107 266' 42 8,900 34 94 IS;AL

BY-X08 228 58 ..... 9,200 43 109 IS; AL

BY-110 398 71 6,900 47 117 IS; Sound
42' 108

BY-Ill 459 6 5,500 31r 87 IS; Sound
29_ 84

BY-I12 291 ' 2 .... 6,100 28r 82 IIS;Sound
31' 88

C-108 66 25 6,000 21 69 IS;sound
25" 77

C-109 ....66 6.8' 7,_ 24 76 IS;.Sound
. 24" 76

C-111 57 33 6,400 22 72 IS; AL
i .i ,, i,#

C-112 104 11.5' 7,500 26 79 IS; Sound
25" 77

T-107 180 5 3,000 19 67 NS; AL

TX-118 347 < 3 4,600 24 76 IS; Sound
It ..
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Table A-1. Summary of Contents arid Status of Ferrocyanide Tanks*.
i i ill

Total waste FeCN b Heat load Maximum
Tank volume (1,000 g tool) (Btu/h)_ temp. Status of tanksd(1,ooogat) ('c) (°F)

TY-101 li8 23 3,i00 18 64 IS; AL
|ill i ill

TY-103 162 28 4,000 19 67 IS; AL "

_-104 46 .... 12 3,000 18 64 IS; AL
,, ,,,, |ll

• Reflects removal of four ferrocyanide tanks from Watch List in 1uly 1993. Tank
information and temperature data as of March 1994.

b Inventories from Borsheim and Simpson (1991).
° Heat load values from Table 7-1 in Crowe et al. (1993).
d IS - Interim Stabilized Tank; NS - Not Stabilized; AL - Assumed Leaker Tank;

Sound- Non-Leaking Tank.
° Readings from new instrument trees; tank 241-BY-105 already had two trees.
r Reading from TC element in LOW.
s Calculated as ferrocyanide [Fe(CN)_] based on the total cyanide values reported in

Simpson et al. (1993a, 1993b).
h Readings have not yet been taken on this new instrument tree.



Table A-2. FerrocyanideTank Vapor Sampling Summary

Tank l Date FIamm Org. Vapor Ammonia HCNICN Hydrazine Nitrous Gas
Sampled (_ LFL) (ppm) (ppm) (ppm) (ppm) (ppm)i

BY-104 10/16/91 - 1.0 37.2 250 <2 > 3.(P > 10
10/30/91

C-112 03/09192 - < 1.0 <0.2 <5 <2 <0.2 <2
03/18/92

C-109 08/26/92 < 1.0 w <5 <2 <0.2 <0.5

BY-110 09/27/92 < 1.0 350 6123 <2 <0.2 <0.5• t'3

,>" "1"-107 10122192 < 1.0 24 203 <2 <0.2 <0.5

:KBY-111 03/25/93 < 1.0 6.3 10.2 <2 <0.2 <0.5 -a
!

BY-112 03/26/93 < 1.0 5.9 10.0 <2 <0.2 <0.5

BX-106 06/17/93 < 1.0 12 17.9 <2 <0.2 <0.5

C-10g 07/23/93 < 1.0 1.2 <2 <2 <0.2 <0.5

TX-I18 07/28/93 < 1.0 0.3 I0.1 <2 <0.2 0.5

C-111 08/11/93 < 1.0 <0.2 <2 <2 <0.2 <0.5

_Maximum reported values for sampling effort.
2High reading caused by ammonia interference.
3Approximation because concentration exceeded Driger TM tube calibration range.
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METRIC CONVERSION CHART
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