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GLOSSARY

Ferrocyanide content: The purpose of ferrocyanldescavenging was to precipitatesoluble
- 137Csas insoluble sodium cesium nickel ferrocyanide [NaCsNiFe(CN)d. The scavenger

ferrocyanide component [Na4Fe(CN)d was added at a concentration of several hundred times
that required to precipitate all of the cesium as sodium cesium nickel ferrocyanide.

" Therefore, the predominant ferrocyanide compound in as-precipitated ferroeyanide scavenged
solids is presumed to be disodium nickel ferrocyanide t'Na2NiFe(CN)d. However, the only
validated analytical procedure for the actual waste measures total cyanide (CN). Thus, the
reported total cyanide concentration in waste is converted to the equivalent Na2NiFe(CN)6
value. Of course, the number of g-moles of a nickel ferrocyanide [e.g., Na2NiFe(CN)d is
numerically equivalent to the number of g-moles of the ferroeyanide anion, Fe(CN_. In this
report, the ferrocyanide content has occasionally been abbreviated as FeCN (e.g., in
Table 2-1) in order to conserve space.

Water content: The ferrocyanide-bearing solids may be dry; i.e., they may contain only
Na2NiFe(CN)6without water (other inert solids are also present in actual waste), or contain
bound and free water.

Free water content: Free water in ferrocyanide waste is water that can be removed from
samples using standard drying methods; for example, by drying the samples at 120 *C
(248 *F) for 18 hr, or by using an equivalent analytical procedure. As an example, if a
10.0 g sample of waste lost 5.0 g of weight after drying at 120 *C for 18 hr, the free water
content of the waste would be assigned a value of 50 wt%.

Bound water content: Bound water in ferrocyanide waste is water remaining after free water
is removed. Bound water has been calculated to amount to 4.6 molecules of H20 per
molecule of disodium nickel ferrocyanide [Na2NiFe(CN)d on the basis of tests described in
Postma et al. 1994 (Appendix B, Section B.3.2). This water is not driven off until the
sample is heated to at least 160 *C (320 *F) or more.

Ferrocyanide concentration on an energy equivalent basis: The energy equivalent
concentration of ferrocyanide is calculated by dividing the measured heat of reaction of a
sample (in l/g of waste) by the heat of reaction of sodium nickel ferrocyanide (6,000 l/g of
waste). Multiplying this value by 100% yields wt% energy equivalent sodium nickel

" ferrocyanide.

vii
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PROGRAM PLAN FOR EVALUATION OF THE FERROCYANIDE
WASTE TANK SAFETY ISSUE AT THE HANFORD SITE

1.0 INTRODUCTION

This document describes the background, priorities, strategy and logic, and task descriptions
for the Ferrocyanide Waste Tank Safety Program. The Ferrocyanide Safety Program was
established in 1990 to provide resolution of a major safety issue identified for 24 high-level
radioactive waste tanks at the Hartford Site.

In March 1990, the Defense Nuclear Facilities Safety Board (DNFSB) provided its
Recommendation 90-3 (DNFSB 1990a) to the U.S. Department of Energy (DOE) regarding
the safety of storing ferrocyanide-bearing high-level radioactive waste (I-ILW) in single-sheU
tanks (SSTs) at the Hanford Site. The tanks of interest may contain significant amounts of
ferrocyanide that, under certain concentrations and conditions, might increase in .temperature
to a value where ferrocyanide reactions could occur to challenge containment or release
radioactive aerosols to the environment.

The DOE submitted an implementation plan to the DNFSB in August 1990 addressing the
four parts of Recommendation 90-3. The DNFSB reviewed this implementation plan and
determined that the plan did t_ot adequately respond to its recommendation. To strengthen its
concerns, the DNFSB restated its position in Recommendation 90-7, consisting of six parts
(DNFSB 1990b). The DOE accepted Recommendation 90-7 and agreed to accelerate and
expand its programs dealing with HLW safety issues at the Hanford Site. Subsequently, the
Ferrocyanide Safety Program elements were accelerated and an expanded implementation
plan was prepared for DNFSB Recommendation 90-7 (Cash 1991). DNFSB
Recommendation 90-7 superseded Recommendation 90-3 because the actions recommended
in 90-3 were reiterated in Recommendation 90-7. The implementation plan for
Recommendation 90-7 was revised and resubmitted to the DOE in December 1992

(Borsheim et al. 1992).

The original Ferrocyanide Safety Program Plan (Cash and MeUinger 1991) was revised and
. reissued in July 1992 (Cash and Dukelow 1992). This revision.of the document describes

the continuing strategy planned for fiscal years (FY) 1994 and beyond for investigating the
physical and chemical characteristics of Hanford Site ferrocyanide waste as required to
complete the Ferrocyanide Safety Program. This document combines an update of the
Ferrocyanide Program Plan and Implementation Plan into one document. The update,
ir.cluding changes in strategy and schedule, reflects new Ferrocyanide Safety Program
information obtained as a result of extensive work on modeling, chemical reaction studies,
physical properties, and tank waste sampling activities. The document also outlines the
actions underway or planned to lessen environmental and safety concerns with interim
storage of ferrocyanide waste until such time as the waste can be retrieved and treated for
permanent disposal. A more detailed and current status of the Ferrocyanide Program is

I-I
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found in the quarterly reports (e.g., the quarterly issued for the period ending December 31,
1993) (Meacham et al. 1994). Activity Data Sheet 1110 (ADS 1110) in the Environmental
Restoration and Waste Management Five Year Plan (DOE 1993a) provides the budget at the
ADS level and presents the major milestones for the Ferrocyanide Safety Program. In
addition, Reep (1993) provides more specific cost and schedule detail for the Ferrocyanide
Safety ,Program. To assist the reader, the schedules are provided in Section 6.0 of this
document.

1-2
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2.0 BACKGROUND

" Radioactivewaste from defense operations has accumulatedat the Hanford Site in
undergroundwaste tanks since the mid-1940s. During the 1950s, additional tank storage

. space was required to supportthe defense mission. To obtain this additional storage volume
within a short time period and to minimize the need for constructingadditional storage tanks,
Hanford Site scientists developed a process to scavenge _37Csfrom waste liquids. In
implementing this process, approximately 140 metric tons (154 tons) of ferrocyanide were
added to waste that was later routed to some HanfordSite SSTs. In 1991, based on available
information, 24 tanks were assigned to the Ferrocyanide WatchList based on the criterion
that they originally received inventoriesof at least 1,000 g-moles as the Fe(CN)_ anion.

Ferrocyanide, in the presence of oxidizing material such as sodium nitrate and/or nitrite, can
be made to propagate and sometimes explode in the laboratory by heating it to high
temperatures or by an electrical spark of sufficient energy. Under laboratory conditions
deliberately created to enhance the potential for reactions, significant exothermic reactions
can start as low as 220 °C (428 °F), but the lowest explosion temperature observed is
approximately 285 °C (545 °F). The explosive natureof ferrocyanide in the presence of an
oxidizer has been known for decades, but the conditions underwhich the compound can
undergo endothermic and exothermic reactionshave not been thoroughly studied. Because
the scavenging process precipitated ferrocyanidefrom solutions containingnitrate and nitrite,
an intimate mixtureof ferrocyanidesand nitrates and/or nitrites is likely to exist in some
regions of the ferrocyanide tanks.

Efforts have been underwaysince the mid-1980s to evaluate the potential for ferrocyanide
reactions in Hanford Site SSTs (Burger 1989; Burgerand Scheele 1988). The potential
consequences of a postulated ferrocyanide burn or explosion were not evaluated in the safety
analyses or safety analysis reports (SARs) applicable to the HanfordSite SSTs. The SARs
historically have considered an explosion from fuel/nitrate reactions as an incredible event
and the consequences of incredible events are not required to be analyzed (WHC 1993b).

Althoughnot considered a part of the safety analysis for the storage of waste in the SSTs, the
1987 Environmental Impact Statement (EIS), Final Environmental Impact Statement,
Disposal of Hanford Defense High-Level Transuranic and Tank Waste, Hanford Site,
Richland, Washington (HDW-EIS) (DOE 1987) did include an environmental impact analysis
of potential explosions involving ferrocyanide-nitratemixtures. The EIS contained the

" postulation that an explosion eauld occur during mechanical retrieval of saltcake or sludge
from a ferrocyanide waste tank. The EIS authors concluded that this worst-case accident
could create enough energy to release radioactive material to the atmosphere through
ventilation openings, exposing persons offsite to a radiation dose of approximately
200 torero. A General Accounting Office (GAO) study (Peach 1990) postulates a greater
worst-case accident, with independently calculated doses of one to two orders of magnitude
greater than in the DOE EIS (DOE 1987).

2-1
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Coupling the ferrocyanide concerns with concerns about high organic concentrations and
potential hydrogen accumulations in other Hanforfl Site HLW tanks, the DOE established the
High-Level Radioactive Waste Tanks Task Force and Tanks Advisory Panel (TAP) in
August 1990. These two groUl_ we,re formed to ensure that all safety concerns with HLW
tanksat DOE sites are identified and addressed in a systematic and timely manner. The
initial focus of the task force and TAP was on the Hanford Site Flammable Gas and
FerrocyanideSafety Issues. In September 1990, a special Hanford Site ferrocyanide task
team was commissioned by the Westinghouse HartfordCompany (W C) to address all issues
involving the ferrocyanide tanks, includingthe consequences of a potential accident.

The root cause of the ferrocyanideproblem results from a combination of factors, beginning
with the safety studies performed as precursorsto using the ferrocyanide scavenging
flowsheets. These studies did not include ultimatedisposal of the ferrocyanide solids, and
were not performed to the conservative standardsused today, because the studies did not
discuss the risk of adding ferrocyanide to waste tanks. In addition, no rigorous inventory
was kept of the ferrocyanideor other chemicals added to the tanks. Subsequentsafety
studies either were not performed, or were performed to less conservative standards, to
demonstrate that other chemicals would not increase the level of risk. Monitoring systems
for designated SSTs, such as temperature measurementinstrumentation,were allowed to be
disconnected and to fall into disrepairbecause the potential hazard was not highlighted.

Although the HDW-EIS (DOE 1987) recognized the potential for a pos_.ated explosion, the
GAO disagreed with the assumptions of that document. Work performed by Pacific
Northwest Laboratory(PNL) in 1984-85 identified a potential safety problem, but no funding
was provided until 1989 to study this safety issue. An additional issue was subsequently
communicated about the assumed radioactivematerial source term (release fraction) resulting
from a postulated explosion (Peach 1990).

In October 1990 (Deaton 1990), the Ferrocyanide Safety Issue was declared an Unreviewed
Safety Question (USQ)"because the safety envelope for these tanks was no longer bounded
by the existing safety analysis report (RHO 1986). In 1991, using process knowledge,
process records, transferrecords, and log books, 24 tanks were identified at the HartfordSite
as potentially containing 1,000 g-moles (465 lb) or more of ferrocyanide [as the

"AnUnreviewed Safety_Ouestion, as defined by DOE Orders 5480.5 (DOE 1986)
and 5480.21 (DOE 1991a), is determined as follows. "A proposed change, test or
experiment shall be deemed to involve an USQ if the following apply:

a. The probability of occurrenceor the con_quences of an accident or
malfunction of equipment importantto safety, evaluated previously by safety
analysis wiU be significantly increased, or

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

2-2
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Fe(CN)_ anion]. These tanks were placed on a FerrocyanideWatch List (Public Law 101-
510) because of the USQ. Work in and aroundany of the ferrocyanide tanks requires
detailed planning, including preparingthe supportingsafety and environmental documentation
and approvalby DOE top management. These restrictions are imposed to ensure that
appropriateprecautions are taken to minimize the potential safety and environmental impacts
associated with the USQ hazard. The need to evaluate the hazardsand ensure that
appropriatecontrols are implementedhas, to date, increased the time required to complete
work or install equipmentin the tanks. Re-examinationof the historical records (Borsheirn
and Simpson 1991) indicated that 6 of the 24 tanks do not contain the requisite 1,000 g-moles
of ferrocyanide and should not have been included on the Watch List. Four of the 6 tanks
were removed from the Watch List in July 1993 (Anttonen1993) and removal of the other
two tanks is pending (Borsheimet al. 1993).

The ferrocyanide USQ was closed on March 1, 1994 by order of the DOE Assistant
Secretary for Environmental Restorationand Waste Management. Closure of the
Ferrocyanide USQ was based upon safety criteriaproposed by WHC and concurredon by
outside reviewers and reviewers within DOE. This is the first USQ closure in the current
Waste Tank Safety Programsince the Watch List was created in 1991. The remainderof
this document addresses the elements in the programto resolve the Ferrocyanide Safety
Issue.

The current list of 20 ferrocyanidetanks is shown in Table 2-1. Five of the ferrocyanide
tanks (241-BY-104, 241-BY-105,241-BY-106, 241-BY-108, and 241-BY-110) have
temperaturereadings above 38 °C (100 °F), but below 55 °C (131 °F). Each of these five
tanks was estimated to contain an original inventory of ferrocyanide ranging from
36,000 g-moles (16,750 lb) to 83,000 g-moles (38,600 lb), and have been assigned a high
priorityfor installationof expanded tank monitoringcapabilities. Temperatures in the
remaining 15 tanks are below 38 °C (100 °F), and many contain an original inventory of less
than 10,000 g-moles (4,650 lb) of ferrocyanide. The four 241-C farm tanks (241-C-108,
241-C-109, 241-C-111, and 241-C-112) were mimated to have originally received a
somewhat smaller ferrocyanide inventory, 25,000 g-moles (11,600 lb) to 33,000 g-moles
(15,300 lb), but are postulatedto have the highest ferrocyanide concev.trationsbecause they
contain waste from a scavenging flowsheet different from the 241-BY tanks. These C Farm
tanks are a high priority for core sampling and two of the tanks (241-C-109 and -112) have
been core sampled. (Sample results are discussed in Section 5.4).

2-3
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FeCN*
Content _,C:r(Ci) DecayedTo

t37Cs(Ci) DecayedTo January1991 Stabil_
Wute (1,000 January1991

Tank Proofing g-molto)
Source FeCN sludge FeCN eludge Sa

Total Total Interim
content only (3) contentonly stabilized pun

(1) (2) (3) (1) (1)

BX-I02 U Plant < 1 2.6 E+0$ - 1.7 E+05 -- ".... _'

BX-I06 iU Plant < 1 6.1 E+06 - t.7 E+06 ....... -- .... N

BY-IO3 U Plant 66 1.4 E+05 216 E+04 1.6 E+0$ 6.9 E+05 2.3 E+O$ N

BY-IO4 U Plant 83 2.I E+0$ 51'_E+05 2.0 E+0$ 2.6 E+05 3.0 E+O$ Y Y

BY-lOS U Plant 36 1.8 E+05 4.4 E+0$ 8.8 E+04 2.6 E+05 1.3 E+05

BY-IO6 U Plant 70 4.5 E+05 5.2 E+0$ 2.2 E+0$ 3.5 E+05 3.3 E+OS ' 'N '

BY-IO7 U Plant 42 1.7 E+05 1.7 E+0$ 1.3 E+0$ 1.7 E+0$ 2.2 E+O$ Y Y
I I I

BY-lOS U Plant 58 2.6 E+0$ 2.1 E+0$ 5.2 E+04 2.6 E+O$ _' Y
IIII II II I

BY-IIO U Plant 71 2.3 E+0$ 5.2 E+O$ 1.9 E+0$ 3.5 E+05 3.2 E+O$ Y Y

I | I I

BY-Ill U Plant 6 1.0 E+0$ 5.2 E+O$ 1.1 E+04 3.5 E.t-O$ 1.9 E+04 Y Y

I I

BY-II2 U Plant 2 7.5 E+04 7.8 E+04 5.1 E+03 7.8 E+04 8.1 E+03 Y

IIIII Ill

C-IN In Farm 25 4.0 E+00 6.5 E+04 2.6 E+04 5.9 E+02 Y

c-to9 In Farm 6.8* 5.2 E+03 1.1 E+0$ 7.0 E+0I 3.8 E+03 Y

C-Ill In Farm 33 4:3 E+03 1.4 E+04 8.6 E+04 8.1 E+02 Y

C-I12 In Farm 11._? 3.5 E+03 1.3 E+0$ 4.3 E+04 1.4 E+03 Y '

T.I07 U Plant 5 - 7.8 E+03 3.5 El-04 1.3 E+04 N

TX-II8 U andT Plants <3 5.3E+04 9.0E+0$ - 1.0E+06 -- Y

I I 11

TY-IOI T Plant 23 7.0 E+03 4.2 E+04 1.7 E_04 3.7 E+04 Y _/
IIII I I I I III I

TY-IO3 T Plant 28 3.7 E+04 1.7 E+O$ 5.2 E+04 8.7 E+04 4.5 B+04 Y Y

TY-IO4 T Plant 12 1.7 E+03 2.1 E+04 7.0 E,-03 1.9 E+04 Y

1. _, O. L., and B. C. Simpecm,An_ of _e In_ntoties of Fem_anide W,ttchl_ Tanks, WHC.SD-WM-ER-133,West/ngJ
2. ICeele,B.D., egal.,Applloalionof C_.admis_TeUutideC,amma Ray_peammaertoRono_e¢3taraaetimtkmofBIgb.Le_Radlma_ tt

3. Ju_lfkiech, F. M., TRAC; A P_ _ of Wane Tank lnmumr_ in Hanfont Tanks Through 1980, SD-WM-TI-057,Rm:kw
4. Hmloa, B. M., Tank Fama _rw_llance amt Wane Tank rmmma_ Reporcfor _ l._g$, WHC-EP-0182-458,Wcmiallhou_Huford_
5. Amiereca,J. D., A H'umryof the 200Arm Taak Fatms, WHC.MR-0132,WestinghomeEanfont Comlmay,Rkhismi, Wuhingte_ 1990.
6. Rmdingsfrom newly imudled immmtcm trees; Tsak 241-BY-105alreadyhad two trees.
7. Readingfrom TC elamm in LOW.
8. Siqmm, B. C., et al.. Tank Charat't4_zmi_ Report: Tank 241-C-109, WHC-EP-0668,Westinghm_ Hanfont Company,Ridflsad, W_ud
9. Siqlmm, B. C., et al., Tank (Tmtma_iz_m Dam Report: Tank 241-C.-II2, WHC-EP-O_40,Rev. 1, WestiaghouseHaufontComlm)y,]

10. Retdinp not yet takm on the new insmmmt tree.

DT ffi Dip tubes FIC = Food Inmmnems Corporation(Autotape) M'r = Manualtape NM = Not me_
*FeCN = Fe(CN_4 LOW = Liquidolx_vation well (_ie) N = No P ffi Pmtiaily



V_-IC-EP-0721

Table 2-1. Ferrocyanide Tank Data Summary.
-- i ii .
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3.0 THE FERROCYANIDE SAFETY PROGRAM

" 3.1 OBJECTIVES

. The FerrocyanideSafety Programobjectives are to obtaina thorough understandingof the
ferrocyanidetank waste and the reactive behavior of the waste constituents so that:
(1) safety criteriaand tank conditions can be defined that ensure interim safe storage of the
waste with minimal risk of an accident; (2) the FerrocyanideUSQ can be closed in an
expedient manner; and (3) sufficient information can be gathered to resolve the safety issue
and remove all ferrocyanide tanks from the Watch List. If the third objective cannot be met,
then one or more strategies must be selected to implement mitigationor remediation of the
waste.

3.2 PRIORITIE,S

All activities of the waste tank safety program are prioritized according to the methods
discussed in Section 6.1 of the Waste Tank Safety Program Overview Plan, N2 End Function
(Gasperand Reep 1992). All work being conducted for the Ferrocyanide Safety Program in
FY 1994 and beyond is classified as Priority 1 work until the individual tanks are removed
from the WatchList or the Ferrocyanide Safety Issue is resolved. Priority 1 work definitions
are summarized below.

Priority 1 work includes activities necessary to prevent near-termadverse impacts to
workers, the public, or the environment. Examples include" (1) containment to prevent the
spreadof contamination;(2) actions to prevent or minimize releases to the environment; and
(3) ongoing waste management activities to maintainsafe conditions. Priority 1 work also
includes ongoing activities that, if terminated, could result in significant program and/or
resource impacts, such as significantly increased risk to the environment (or to workers) or
significantly increasedcosts.

Priority 1 Subcategories are as follows:

. Priority_Subcategory 1A: Provide Safe _Operation.

• Address an imminent human health and safety problem, or an imminent release
• that could cause a widespread environmental impact.

• Reduce the probability of major damage to equipment/facilities to avoid
impacts to human health and/or the environment.

* Maintain safe conditions.

3-1
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Prioritization within Subcategory 1A was developed by DOE-RL and WHC because of the
large amount of Subcategory 1A work. Divisions to Subcategory 1A are as follows:

* IA.a Safe Operations (base case)

• 1A.b USQ Work

• IA.c Safety Mitigation Work

• 1A.d Improvements(new) to Safe Operations

• 1A.e Safety Remediation

• 1A.f Improvements (longer term) to Safe Operations.

Priority_Subc_tegory IB: Prevent PotentialReleases to the Environment.

• Provide monitoring and surveillance of waste problem.

• Contain, treat, or remove materials that could potentially cause near-term
impact.

Priority_Subcaiegory 1C: MaintainOngging Activities.

• Complete activities being conducted to minimize near-term health, safety, or
environmental impacts, for which substantial funding has been expended.

• Maintain ongoing activities that, if terminated, could result in significant
Environmental Restoration and Waste Management program impacts and/or
resource impacts.

Major Ferrocyanide Safety Program activities for FY 1994 and beyond have been prioritized
using the guidelines above. These categories are listed (as follows) to provide effective use
of resources.

1. Enhance monitoring of ferrocyanide tank conditions.
t

2. Complete interim stabilization of the ferrocyanide tanks (to meet Td-Party
Agreement pumping milestone).

3. Continue characterization of ferrocyanide tank waste.

4. Continue ferrocyanide waste simulant chemical reaction studies.
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5. Develop a DOE-approvedstrategy forclosureof the FerrocyanideUSQ and
resolving the safetyissue.

. 6. Determineeffectsof changingferrocyanidetank conditionsresulting from
pumping/removalof supernateand/or drainableinterstitial liquid from tanks.

" 7. Evaluate ferrocyanidetanks to determineif wastecan be sat'elystored or if
mitigatiordremediationis required.

These priorities are used to establishthe baselinebudgets for FY 1994and beyond.
Activitiesbeing conductedwithin the baselinebudget are describedin Section 5.0.

3.3 DRIVERS

Severalrequirements,or drivers,for conductingactivitiesin the FerrocyanideSafety
Program have been identifiedand are briefly summarizedbelow. These requirements(laws,
codes, regulations, orders) provide the basis for establishingprogram priorities and the
technicalcriteria for completingprogram activities.

3.3.1 Safety MeasuresLaw

Waste tank safety is a primary safetyconcern within the DOE complex.Concern for waste
tank safety at the Hanford Site was sufficientto compel the U.S. Congress to pass Public
Law 101-510,Section3137, SafetyMeasuresfor Waste Tanksat HartfordNuclear
Reservation(the Safety MeasuresLaw). This law requires the followingactions.

• Identifytanks that "mayhave a serious potential for release of high-levelwaste
due to uncontrolledincreasesin temperatureor pressure."

• Ensure that "continuousmonitoringto detect a release or excessive
temperatureor pressure" is being carried out.

• Develop "action plans to respond to excessivetemperatureor pressure or a
" release from any tank identified."

. • Restrictadditionsof high-levelnuclearwasteto the identifiedtanksunlessno
safe, alternativeexists, or the seriouspotentialfora releaseof high-level
nucle2rwaste is no longera threat.

• Report"on actionstakento promotetanksafety, includingactionsspecifically
takenpursuantto this sectionof the law, and the ... timetablefor resolvingthe
outstandingissueson how to handle the waste in such tanks."
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The Waste Tank Safety Programs are the key element in responding to this law. (See also
Reep 1993).

3.3.2 Atomic Energy Act of 1954

The following DOE orders are majordrivers. The orders involve the managementof waste
containingradioactivity for the DOE under the Atomic Energy Act of 1954, as amended by
Public Law 83-703.

• DOE Order5820.2A, Radioactive Waste Management (DOE 1988)

• DOE Order 5480.1B, Environmental, Safety, and Health Program for
Department of Energy Operations (DOE 1993b)

* DOE Order 5480.5, Safety of Nuclear Facilities (DOE 1986)

• DOE Order 5480.23, Nuclear Safety Analysis Reports (DOE 1992)

• DOE Order 6430.1A, General Design Criteria (DOE 1989)

. DOE Order 5480.21, Unreviewed Safety Questions (DOE 1991a).

3.3.3 Code of Federal Regulations

The following Federal regulations are drivers for Waste Tank Safety Programs:

• 10 CFR 962, "Radioactive Waste: Byproduct Material"

• 10 CFR 1021, "Department of Energy NEPA Implementing Procedures"

• 40 CFR 191, "Environmental Radiation Protection Standards for Management
and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes"

• 40 CFR 261, "Identification and Listing of Hazardous Waste"

• 40 CFR 262, "Standards Applicable to Generators of Hazardous Waste"

• 40 CFR 1500-1508, "Regulations for Implementing the Procedural Provisions
of the National Environmental Policy Act."
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3.3.4UnreviewedSafetyQuestion

The safetyissueofpotentiallyexplosiveferrocya.,tidemixtureshasbeenidentifiedasa USQ
• (Deaton1990)becauseit"representsconditionsoutsidetheidentifiedsafetyenvelope"as

specifiedinDOE Order5480.21(DOE 1991a)andWHC-CM-I-3,Management
RequirementsandProcedures,Section5.12,"IdentificationandResolutionofUnreviewed

" SafetyQuestions"(WHC 1992).

3.3.5 Washington State Administrative Code

Waste Tank Safety Programsactivities must comply with the State of Washington
AdministrativeCodes (WAC) with respect to managing dangerous waste. The specific
regulation is WAC 173-303, Dangerous Waste Regulmions, Section 110, "Sampling and
Testing Methods."

3.3.6 Defense Nuclear Facilities Safety Board

The DNFSB was createdto provide advice and formalrecommendationsto the Presidentof
the United States and to the Secretary of Energy regardingpublic health and safety issues at
DOE nuclear facilities. The DNFSB reviews operations, practices, and occurrences at DOE
nuclear facilities and makes appropriatehealth and safety recommendations. If any aspect of
operations, practices, or occurrences reviewed by the DNFSB is determined to present an
imminent or severe threat to public health or safety, the DNFSB transmits its
recommendations directly to the President.

3.3.7 Tri-Party Agreement

The Hartford Federal Facility Agreement and Consent Order [Tri-PartyAgreement (TPA)]
(Ecology et al. 1990) contains provisions governing the treatment, storage, and disposal of
hazardouswaste, includingremedial and corrective action activities. During 1993 new
negotiations were conducted by DOE, U.S. EnvironmentalProtection Agency (EPA), and
Washington State Departmentof Ecology (Ecology). New milestones were negotiatedand a
reduced set of specifications for waste analyses and characterizationwas adopted
(Ecology et al. 1994).

3.4 QUALITY ASSURANCE

Quality Assurance (QA) is an integral partof any successful program. It provides for
independent oversight at the planning, implementation, and completion stages to ensure
appropriatemanagement so that stated objectives and goals are achieved. The QA process
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allows for: (I) statistical evaluation of technical analysis for sufficiency and accuracy;
(2) methodology review and evaluation; and (3) records management and validation of data
(including traceability).

At the Hanford Site, DOE has the primary responsibility to ensure that performed activities
are handled in an efficient and cost-effective manner. To control the quality of these m

activities, DOE has imposed DOE Order 5700.6C (DOE 1991b). These orders require the
selective and judicious application of requirements from the national consensus standard
ASME NQA-1, Quality Assurance Requirements for Nuclear Facilities.

For environmental programs at the Hanford Site, quality program requirements are imposed
by the Tri-Party Agreement (Ecology et al. 1990, 1994). The Tri-Party Agreement, and
amendments thereto, specify that all parties shall use procedures for QA and Quality Control
in accordance with EPA methods. Two EPA documents that define guidance to this
methodology are QAMS 005/80, Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans (EPA 1983), and EPA/540/G-87/003, Data Quality
Objectives for Remedial Response Activities (EPA 1987). During 1993 new negotiations
were conducted by DOE, EPA, and Ecology. New milestones were negotiated and a
reduced set of specifications for waste analyses and characterization was adopted. However,
the QA requirements were not changed.

WHC directs compliance with DOE quality requirements in WHC-CM-4-2, Quality
Assurance (WHC 1993a), which imposes the criteria of ASME NQA-I on all quality-
affecting activities performed by WHC personnel. The EPA quality requirements are
specified in the existing quality programs to ensure overall compliance with the Tri-Party
Agreement.
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4.0 FERROCYANIDE PROGRAM STRATEGY, LOGIC,
AND DOCUMENTATION

The ultimate objective of the FerrocyanideSafety Program is to resolve the safety issue by
.. determining if storage of ferrocyanide waste in HanfordSite SSTs is safe until the waste can

be exhumed and treatedfor final disposal in the HanfordWaste VitrificationPlant. This
section identifies why, when, and how activities leading to resolution of the Ferrocyanide
Safety Issue are to be accomplished. Decision points in the logic diagrams will be used to
determine the activities that will actually be conducted to address high priority issues and to
use resources in an effective manner.

4.1 CLOSURE OF M FERROCYANIDE UNP.EVIEWED SAFETY QUESTION
AND RF._OLITHON OF M SAFETY ISSUE

A strategy for closing the USQ and resolving the safety issue surrounding the ferrocyanide
waste was developed by DOE and WHC and presented to DNTSB in August 1993
(Grumbly 1993). A summary of the strategy is presented in Figure 4-1. The strategy
contains two key steps: (1) development of criteria for safety categories that rank the hazard
for each tank and hence allow closure of the USQ; and (2) confirmation and final placement
of each tank into one of the categories based on core sampling of the tank contents.

As part of the accelerated Safety Initiatives (O'Leary 1993); closure of the Ferrocyanide
USQ was moved forward from September 1994 to January 1994. This, coupled with the
new strategy for USQ closure, resulted in the improved schedule for USQ closure. The USQ
was closed formally by DOE on the basis of documented criteria(Sheridan 1994). Resolving
the FerrocyanideSafety Issue, however, will be a follow-on effort that requires the sampling
of the ferrocyanide tank waste to quantify the potential for hazardousreactions.

The new strategy uncoupled USQ closure from resolving the safety issue. Figure 4-1 shows
USQ closure as a milestone on the path to resolving the safety issue. The USQ was closed
using the criteria document that identifies safety categories, criteria for each category, and
the technical basis for the criteria (Postma 1994).

To close the USQ, the tanks were categorized using these criteria into one of three safety
levels: _b_._, CONDITIONALLy_SAFE, or _[_A]_. The safety issue can be resolved
after the tanks are characterizedand necessary monitoring and controls are in pT",ce,if
required, to ensure operations are conducted within the _ or CONDITIONALLY SAFE

• levels. While closure of the USQ was a near-termobjective, resolving the safety issue will
requirea longer time frame, because it requiresobtaining samples and characterizationdata
on the tank waste.

._ ill i -- i. i
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Figure 4-I. Strategy for Closing the Ferrocyanide USQ and Resolving the Safety Issue.
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The logicleadingtoresolutionoftheFerrocyanideSafetyIssuewas developedfrom a
conceptpaperpreparedby ScienceApplicationsInternationalCorporation(SAIC 1991)and is
presentedinFigure4-2. Discussionofthetasksidentifiedinthelogicdiagramsfollowsthe

- figures.Theselogicdiagramsshow theflowofwork and themajortaskrelationshipsforthe
zerooption(demonstratingthatcontinuedstorageofwastecontainingferrocyanideissafe)

.. and alternative options of mitigation and/or remediation if the zero option does not lead to
resolving the safety issue. The present corrective action path is to confirm that in situ safe
storage of the waste is already in effect or is possible by establishing the types of controls
and surveillances that might be necessary. Controls and surveillances for temperature and
moisture may be required to ensure some tanks are CONDITIONALLY SAFE.

Task 1.0 - Define and Evaluate the Ferrocyanide Safety Problem

To develop the safety envelope, the hazards associated with ferrocyanide waste stored in
Hanford Site SSTs are being evaluated.

Task 1.1- Establish Preliminary Hypothesis

Preliminary hypotheses of hazardous mechanisms associated with ferrocyanide waste stored
in Hanford Site SSTs have been established. A candidate model was developed that
replicates the conditions expected in the tank, consistent with the tank contents as estimated
from simulant flowsheet data, tank monitoring, and actual waste sample analyses.

Develop Model. Evaluation of the Ferrocyanide Safety Issue is being pursued through five
paths: (I) historical information, (2) waste monitoring, (3) waste modeling, (4) simulant
waste studies, and (5) analyses of actual waste samples. No combination of these paths,
short of all paths, is adequate to address all of the safety concerns associated with the
Ferrocyanide Safety Issue. Results from each of these five paths must be used in the
decision logic to resolve the safety issue.

Information needed to determine actions necessary to address any unsafe condition in
ferrocyanide waste tanks that may be identified include: (I) categorizing tanks that contain
greater than 1,000 g-moles (465 Ib) of ferrocyanide according to the flowsheet used; (2)
establishing a reaction onset temperature for the ferrocyanide waste in each of these tanks;
(3) establishing the moisture content for which the ferrocyanide waste in each designated
ferrocyanidetankcannotreactandpropagate;and (4)identifyingtheferrocyanide
concentrationineachferrocyanidetankbelowwhichthewastecannotreactandpropagate.

As necessary,theHanfordSiteEmergencyPlanresponseactionshavebeenand willcontinue
tobe upgradedtoincludeactionstobe takenifabnormalconditionsaredetectedand mustbe

corrected(CashandThurman 1991b,WHC 1991).The plannedresponseisreviewedand
revisedasrequiredtoaccommodatean improvedunderstandingofpossibleevents.
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Figure 4-2. Logic Leading to Resolving the Safety Issue. (Sheet 1 of 8)
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Theendpointofthistaskistoprovidea modelofthewasteincorporatingthefollowing
parametersforeachferrocyanidelank:

• Fuelconcentration
• Moistureconcentration

• Temperature
• Energetics(heatofreaction)
• Propagationcharacteristics
• Concentrationofhat-producingisotopes(cesiumandstrontium)andtow tank

heat load
• Thermalconductivity and heat capacity values
• Determiningpossible catalysts, initiators, and additional fuel sources.

This effort would include defining the probabilityand, if credible, the size of potential dry
and/or hot spots that may allow localized ferrocyanide reactions to cause safety concerns.
This task is being conducted in parallel with Task 1.2, and the model development will
include available data input from both Tasks I. I (Preliminary Hypothesis) and 1.2 (Tank
Waste Sample Analyses).

Evaluate Historical Data. Historical process data have been evaluated to provide an
assessment of the ferrocyanide inventories that were originally placed in each tank, and any
transfers of sludge thatmay have occurred since then. The evaluation included examination
of process flowsheets and informationfrom the Track Radioactive Components Program
(Jungflelsch1984)andthedetailedlogbookkept duringthe1950sscavengingcampaigns
(GE 1958).RecenteffortsatLosAlamosNationalLaboratory(LANL)havealsoexamined
HanfordSitedocumentationtodeterminesludgelevelsintheferrocyanidetanks
(Agnew1993).Twenty-fourtankswerelistedascontaininggreaterthan1,000g-moles
(465Ib)offerrocyanide.However,re-examinationofthehistoricalrecordsindicatedthatsix
ofthesetankswereerroneouslyplacedontheWatchListanddonotcontaintherequisite
1,000g-moles(BorsheimandSimpson1991,Borshelmetal.1993).Fourofthesixtanks
wereremovedfromtheWatchListinJuly1993(Ant_nen1993)andtwoadditionaltanks
arepending(Alumkal1993,Borshelmetal.1993).

IdentifyWatchLlstTanl_.Thecurrentlistofferrocyanidetankswasdevelopedfromthe
reviewofhistoricrecordsandwillbereappraisedasadditionalinformationisobtainedand
asactualtankwastesamplesareanalyzed(seeSection4.3).

WasteSlmulantStudles.Laboratorystudiesarebeingconductedon flowsheet-produced
ferrocyanidewastesimulants.Thesestudiesarebeingusedtoprovideinformationon:
(I)ferrocyanidespeciespresentintankwaste;(2)heatsnfreaction(energetics)foreach
flowsheetsimulantandactualwastesamples;(3)temperaturesforinitiatingreactions;
(4)effectsofwatercontenton ferrocyanidereactions;(5)effectsofpossiblecatalysts,
initiators,anddiluentson ferrocyanidereactions;(6)thermalhydraulicproperties;
(7)kineticsofferrocyanidewastereactions;and(8)heatloadmodeling.
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Five waste simulants (withont radioactivespecies) have been or are being used to represent
the various ferrocyanide sludges producedat the Hanford Site. These simulants were
preparedto representthe highest ferroeyanideconcentrationsused in the 1950s (In Farm 1

" and U Plant 2), and typical ferrocyanide sludge (U Plant 1, In Farm 2, and T Plant), to
effectively relate to all safety considerations. Results from these studies are providing waste

. characterizationand reactivity dataabout each of the five sludge types in the tanks.
Parameters,such as the effect of moisture on propagationrates and onset temperatures, waste
density, particle size, and solid diluents present in the waste, are being determined. Thermal
conductivity and heat capacity values of ferrocyanidewaste and any overburdenwaste will be
measured. Analytical methods will be developed to routinelydetermine concentrations of
ferrocyanide species in the tank sludges. Dissolution and dispersion of ferrocyanidein high
pH solutions underradiolysls (alOng)are also being examined. Reaction products from
hydrolysis and radiolysls, and rates of reactions are being determined. The cesium uptake
capacity for fiowsheet sludges will be evaluated as a possible mechanism for heat
cono...ntrationin the waste. Data from these studies, actual tank waste sample analyses,
historicalaccounting of each tank's contents, tank waste monitoring, and modeling efforts
have been used to establish safety criteria for ferrocyanideconcentration, waste moisture
contents, and waste temperatures.

Monltorinll Data. Data collected from the tanks include temperature profiles, gamma scan
profiles (identifying cesium and europium concentrations), and neutronscans to develop
informationon moisture contentand interstitialliquid levels. The monitoring of tank
temperaturedistributionsand temperaturechanges is necessary to support model development
and to confirm model-predictedwaste behavior. This will include the use of instrumenttrees
which deploy thermocouples (TCs) or resistance temperaturedetectors (RTDs) to measure
temperatures within the tanks, and possibly infrared temperaturemappingof tank waste
surfaces. Existing TC element have been repaired, and new instrumenttrees are being
installed and connected to the Tank Monitorand Control System (TMACS), which is a
computer-controlled,continuous monitoringsystem. These activities are providing
information on pr,,_t storage temperaturesand input for thermal models.

The end point of this activity includes one-time, periodic, or continuous monitoring of sludge
temperature, waste moisturecontent, cesium concentration, and tank vapor space for
designatedgases. Installationand operationof instrumenttrees with replaceableTC elements
or RTDs in each ferrocyanide tankis being provided; I0 new instrumenttrees have been
installed as of July 1993, and new instrumenttrees will be installed startingin mid-FY 1994.
Continuedoperation of older TC trees will be maintaineduntil failuresoccur. A moisture

" monitoringsystem is being developed and, if required, will be deployed to ,,erify that the
water content of the waste is maintainedat an acceptable concentrationfor safety assurance
where needed. Gas monitoringof the tank vapor space for reaction productor flammable
gases will be conductedas appropriate.

Modeling. Waste modeling is being conducted to evaluate: (1) ferrocyanide and water
concentrationsthroughoutthe tanks; (2) heat transferin the waste; and (3) thermal
conditions. This informationis needed to address the potential hazards in each tank.

I ii i lie I II II I I I Iil11H III II I I - _ I ....
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Perform Sensitivity Moddins. Sensitivity analyses are conductedto determineparametric
effects of modeling variables which affect heat transferfrom localized dry or hot spots and
from the mnk_as a whole, and variations in fiowsheet compositions on reaction mechanisms,
reaction rates, heat release, and gu release of the ferrocyanide wute. These also include
estimates of variations in concentrationsof chemicals in the tanks from the analysis of tank
samples.

PHoritize Work. The studies are prioritized to focus on significant parameters that affect
safety and environmentalconsequences. Resources will be directedtoward high priority
issues u determinedby input from the DNFSB, TAP and TAP subpenels, Waste
_ement l_ten_ Advisory Committee, WHC evaluations and recommendations,and
directionfromDOE.

Task 1.2. Obtain Data on Tank Contents

A m._orstepinresolving theFerrocyanideSafetyIssueisto_afelyobtainsamplesofthe
tank contents and to analyze these samples. Task 1.2 of the logic diagramshows this to
follow the development of Task i.I. In fac_, much of the Task 1.2 work has been in parallel
with Task I. i and has been supportedby waste simulantstudies and other laboratory tests
thatare completed or now in progress.

i

The flow of work in Task 1.2 ensures the safe samplingof tank contentsby definition of the
samplingplan, the safety envelope, and samplingsafety documentation for gas, auger, push-
mode core sampling, and rotary-mode core sampling. This data collection task includes
action to gather improved temperaturemeasurementsand physical sampling of the tank gas
space, saltc,ake, and sludge materials. Results of analyses of waste samples will be used to
com_ actual tank contents with the model results and to refine and revise the predictive
model (Task 1.3).

The endpoint of this task is toprovide data to develop and validate a waste model and to
ensure that the parametersaffecting safety are supportedto a high degree of assurance. This
task will provide waste characterizationfor the following parametersin each waste tank:

• Ferrocyanide concenu'adonand species
• Moistureconcentration

• Concentrationofheatproducingisotopes(cesiumandstrontium)
• Energetics(heatofreaction).

NOTE: Coresampleanalysisistheonlydirectmethodofmeasuring_Jr(amajor
heat-producingisotope)concentrationsinthewaste.

[I I [ I ]ill I [II[II ] [ I I I [IUIII[
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Task 1.3. Refine Hypothesb/Model

Actual tank samples are used to verify or refine the models developed to predict tank
• inventories and composition. Sample results will be used to guide the formulationof

enhancedwaste simulants, if required. Because the number of tank samples will be limited
and difficult to work with, the use of enhanced waste simulantsmay be an effective way to

" measure the variation of importantparametersand to validate the presence and importanceof
phenomenaincorporatedin the refined model. Iterationsin the modeling and laboratory
workhavebeennecessary.

Task 1.4-DefineTank SafetyCriteria

The logic diagrm_allows establishing threepossible options as the outcome of the previous
efforts: (1) the zero option, which is a finding of allowable in sire safe storage;
(2) mitigation; and (3) remediation. The safety crite_ defined for in situ safe storage are
reviewedinSection4.2.

For implementing the steps in Task 1.0, some ferrocyanidetanks may be stabilizedand
isolated (shown in the logic diagtmn as Task A). This activity is the objective of a separate
progrmn. It addresses the FerrocyanideWatchListtanks(currently six) thathave notbeen
stabilized by mltwell pumping. Saltwell pumping to reduce the free liquid in the waste is
necessary to support the Tri-Party Agreement (Ec.ologyet 81. 1990, 1994) and is an action
that could be needed to reduce liquid loss from a leaking tank. Reaching this decision point
dependson authorizationby DOE of the safety assessment preparedthat shows pumping will
not have deleterious effects on safe waste storage. Regardless of whether tank waste
stabilizationand isolation by saltwell pumping is conducted, the waste would still be
evaluated for resolution of any concerns associated with the Ferrocyanide Safety Issue.

Task I.$ Apply Criteria to Characterization Data, Tank by Tank

Waste criteria for ferrocyanideconcentration, moisture content, and waste temperature are
based on the results of ferrocyanide lank waste characterizationby sample analysis, historical
accounting, simulant waste studies, lank waste monitoring, and lank waste modeling. These

" criteriahave been established and implemented to ensure that the waste is maintainedin a
safe condition (or is treated, if necessary) to ensure that it does not present a safety concern.

e

Task 1.6 Revise the Tank List

The FerrocyanideWatch List will be revised after waste characterizationfor each of the
tanksor group of tanks is completed, to include only those tanks that may have safety
concerns involving ferrocyanidereactions. Ferrocyanide concentration (on an energy
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equivalent basis) will be used to evaluate each tank to determine if the tank should be on the
Ferrocyanide Watch List.

.i

Task 1.7 Upgrade Equipment, Facilities and Safety Docmnentatlon

Equipmentupgradeneeds are being evaluated for temperaturemeasurement, moisture
monitoring, and gas monitoring for ferrocyanidewaste in Watch List tanks. Satisfactory
completion of the activities will lead to Task 2.0, Implement Zero Option. However,
Task 1.0 includes all planning and assessment activities, and actual equipmentchanges will
be completed underTask 2.0.

Task 2.0- Implement "Zero" Option

This important task includes two decision points that can result in three pathways. First, the
results of Task 1.0 will be evaluated on a single tank (or on a group of tanks) basis, to
determine if the zero option criteria can be met. Tanks meeting these requirementswill be
removed from the Ferrocyanide Watch List and, for these tanks, the Ferrocyanide Safety
Issue would be resolved.

Remaining tanks, if any, will be evaluated to determine if upgrades in equipment,
monitoring, and safety documentationcan provide assuranceof continued in situ safe storage.
If so, implementingthe upgrades and controlling tank conditions to those provided with the
safety criteria will lead to resolving the safety issue for these tanks. Any tank not meeting
the criteria (even with upgrades)will then be considered for Task 3.0, Mitigation, and/or
Task 4.0, Remediation. Because these tasks will be cosily and require a long time to
implement, they will be considered only after reassessmentand possible augmentation of
Task 1.0 models and data.

Task 3.0- Implement Mitigation

Mitigation approachescan be identified and evaluated for technical feasibility including safety
risks, time for implementation, and effectiveness to pre-empt any identified pathways to
hazards that may be determined on a tank-by-tankbasis. An initial assessment of possible
mitigation (and remediation)techniques was completed earlier (Babadet el. 1991). If
implementing ferrocyanide mitigation becomes a mainstream path, the most promising
approachwill be selected and implemented. Appropriate control and surveillance equipment
would be installed, and monitoring for adherenceto surveillance criteria would be conducted.

The end point of this task is to take corrective action to mitigate (if remediation is judged to
require an unacceptabletime to implement)any imminent ferrocyanide safety concern
identified in a particular tank or group of tanks while defining and evaluating (Task 1.0) the
ferrocyanide safety concern.

_ i . i ii
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Task 4.0- Implement Remedlatlon
i
i

• Remediation approachescan be identified and evaluatedfor technical feasibility including
safety risks, time for implementation,and effectiveness to pre-empt any identified pathways
to hazardsthat may be determinedon a tank-by-tankbasis. If implementingferrocyanide

" remediationbecomes a mainstreampath, the most pmmi,_ng approachwill be selected and
implemented. Remediationmay be conductedwithout implementingmitigation to conserve
resources, if any identified imminent safety concern can be resolved by remediationin a
timely fashion. See Babad et al. (1991) for an evaluation of remediationconcepts studied
earlier.

4.2 SAFE STORAGE OF FERROCYANIDE WASTE

The in situ safe storage option (zero option) leaves the waste in the tanks in its present
configurationwithout furthertreatment. Experimentson ferrocyanide waste simulants have
shown thatpropagatingreactionscan be prevented by three conditions. Any one of these
conditions is sufficient to ensure safety:

1. Sufficient water is present in the ferrocyanide waste to prevent or suppress a
propagatingreaction

2. The ferrocyanideand/or oxidant concentrationsin the waste are too low to
supportpropagatingferrocyanidereactions in a dry matrix

3. The waste temperatureis maintainedbelow that requiredfor activating
exothermic reactions.

4.2.1 Waste Characterization

The in situ safe storage approachrequirescharacterizationof the ferrocyanide waste for
composition and reactivity. Characterizationincludes an historical accountingof the waste,

. determining flowsheet values of chemicals added to the tanks, obtaining waste samples, and
analyses of the waste samples. In characterizing the energetics of the ferrocyanide waste, the
presence of other inorganic reactive species (e.g., cyanide ion and sulfides) and organic

. reactants must be addressed. Organic reactants, if present at substantial concentrations, may
al_ be covered by the Organic Tanks Safety Program at WHC (Babad and Turner 1993).

All credible reaction initiators during the "storage" period need to be considered. This
includes any potentially energetic inorganic or class of organic species identified as present in
the waste. They will be evaluated both as fuel and as potential initiators for other reactions.
Possible initiation caused by performing work on the waste, such as auger sampling, core
sampling (rotary and push-mode), and saltwell pumping activities, will be examined.

iii i numnul ii inmmuli I
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Implementingin situ safe storage for the ferrocyanide tanks will be done on a tank-by-tank
basis as data become available for each tank. Monitoringand surveillance of certain waste
properties may be requiredto ensure that the waste remains in a safe state. Parametersof
interest include temperature,water content, radioactive species, and possibly other chemical
species. Approval to remove a tank from the Watch List could requireassurance that
monitoring is in place or that tank conditionsare static enough not to require monitoring on a
frequentor continuousbasis. Documentation thateach tank is safe must be thorough and
subject to peer review.

4.2.2 Moisture Content (Refer also to sections 5.1.5.3, 5.4.5.1, and 5.4.5.2)

Effects of Moisture. Adiabatic calorimetryand reactionpropagationrate tests on
ferrocyanidewaste simulants have shown thatsustainedreactions cannot occur in waste
containing more than 12 wt% water (Fauske 1992). Simulant containing the highest
postulated ferrocyanideconcentrationcould not be ignited or made to sustain a propagating
reaction even when subjectedto a strong ignition source. A moisture safety criteria has been
developed that relates moisture concentrationand ferrocyanide concentration. A description
of the criteria and this relationship is provided in Section 4.3. Control can be achieved by
monitoringthe moisture content of the waste to ensure it exceeds this limit.

Moisturecontent of the simulants centrifuged to 30 equivalent gravity years ranged from 48
to 67 wt% (Jeppsonand Wong 1993). These values are at least four times higher than the
minimum requiredto inhibitpropagatingreactions. Analyses of core samples taken from
actual ferrocyanide waste in the TY Farm in 1985 revealed the waste containedat least
40 wt% moisture even after the tanks had been interim stabilized by saltwell pumping.
Three ferrocyanidetanks have been push-modecore sampled, 241-C-109, 241-C-112, and
241-T-107. Moisture in tank 241-C-109 samplesranged from 19 to 58 wt% for the three
cores taken(Simpson et al. 1993a). Results from tank 241-C-112 samples showed moisture
contents from 38 to 64 wt% (Simpson et al. 1993b). The core samples (subsegments) that
contained the lowest moisture values were also low in total cyanide and they exhibited
endotherms or low exotherrnsduring differential scanning calorimetry(DSC) testing for
energetics. Moisture determinationsfor the two tanks' core samples were completed more
than 30 days after the core samples were obtained from the tanks. Loss of moisture from the
samples undoubtedlyoccurred during this time. Note thatall of these moisture
measurements are substantiallyhigher thanthe 12 wt% required to inhibit propagating
reactions (Fauske 1992).

Laboratory i,,vestigations of the hydraulicpropertiesof ferrocyanide waste were conducted in
FY 1993 and _re continuing in FY 1994. This work includes determining the _tained
moisture in the waste (i.e., the moisture content of drained waste as a function of waste
depth). Preliminary results show the simulated waste retains considerable quantitiesof
water, greater than 45 wt%, even after centrifugation.
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Moisture Monitoring. In situ moisture measurementrequires technology development and
installationof special instrumentationinto the tanks. Moisture monitors will be developed
acknowledging thatonly a few tank risen will be accessible. A rationale will be established
for an achievable numberof moisture determinationsthat provide assuranceof adequate
moisture within the ferrocyanidewaste. This may be accomplished by obtaining many
moisture readings in a tankor by showing that a few moisturedeterminationsare

" representative.

Possible types of instrumentationnow being developed which may prove useful in making
moisture measurementsin the waste include the following:

• Near-infraredspectroscopy--Amodified infraredfIR) probe is placed inside a
tank to measurewater content via near-infraredreflectance (Veltkamp 1993).

• Quantifyingliquid observation well (LOW) neutron scans-A neutronprobe
with appropriatemodifications and subsequent scan data may be used to
determinewt% moisture. Computermodeling and actual deployment in
ferroc_de tanks are being used to determine the validity of this method
(Watson 1993).

The feasibility for using in situ infrared to measurewt% moisture is being examined for
WHC by the Center for Process.Analytical Chemistryat the University of Washington. The
method appears to be suitable for waste characterizationof certain other analytes as well
(Ve]tkamp1993).

Computer modeling of the existing LOW neutronprobe began in FY 1992 and is continuing.
The theoretical feasibility for using data from this probe to quantify wt% moisture was
established in FY 1992. In FY 1994 work will involve neutronprobe scans of ferrocyanide
tanks, preparingadditional special-simulant-fflleddrums for moisture standards,and
demonstratingthe probe as an accurate and efficient moisture monitoring device. One
obstacle of this technique may be that the probe only interrogates the waste to a radiusof
about 10 to 15 cm (4 to 6 in) around the LOW (Watson 1993).

4.2.3 Ferrocyanide Waste Energetics (Refer also to sections 5.4.5.1, 5.4.5.2 and 5.5.5.2)

A condition that ensures preclusion of ferrocyanidereactions of concern is low ferrccyanide
. concentration. Propagationexperiments on simulants showed > 15 wt% fuel (sodium nickel

ferrocyanideas a stoichiometric mixture with a 3:1 ratio of sodium nitrate/sodiumnitrite on
a dry basis) was requiredto sustainz propagatingreaction (Appendix B, Postma et al. 1994).
The limiting concentrationof ferrocyanide in actual ferrocyanide waste must be established
by laboratoryinvestigations. Samplingand subsequentanalysis combined with modeling
shouldprovide the technical basis for removing several tanks from the Ferrocyanide Watch
List thatare considered to contain only small amounts of ferrocyanide. If this is not
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possible, a statistically designed samplingplan may be required to show thattanks originally
containingappreciableinventories of ferrocyanideare below the concentration limit.

Methods have been developed for determiningtotal cyanide (Pool 1993) and for cyanide
speciation (Bryan et al. 1993) in ferrocyanidewaste. The total cyanide analytical method is
now approved for both PNL and WHC analytical laboratories. These activities began in
FY 1992. The cyanide speciation techniquesare expected to result in operational hot cell
systems at both PNL and WHC by the end of FY 1994. More information on these
techniques is presentedin sections 5.4.5.3 and 5.5.5.1.

4.2.4 Temperature

Temperature is a secondary criterion for ensuring in situ safe storage of the ferrocyanide
waste. A safety criterion of 90 oC (194 OF)has been selected. This is considerably lower
than the temperature required to starta propagatingreaction (-250 °C [482 OF])and was
set low to preclude rapid moisture loss via evaporation near the solution boiling point
(approximately120 °C [248 °F]). Currentbulk temperatures for waste in the ferrocyanide
tanksrange between 19 and 54 °C (66 and 129 OF)(Meacham et al. 1994). Temperatures in
the tanks have droppedsteadily since the In Tank Solidification Program ended in the mid-
1970's. The highest bulk temperature is currently in tank 241-BY-104, approximately 54 °C
(129 OF). This temperatureis considerably lower than the 90 °C (194 OF)maximum
selected as a safety criterion. Prudentmonitoring as specified in the Action Plan (Cash and
Thurman 1991b) requires that actions be takenlong before the waste temperature reaches
90 °C.

i

4.3 STATUS OF SAFETY ISSUE DOCUMENTATION

Safety and Environmental Assessments. 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 authorizationbasis is described in documents
such as facility safety analysis reports (SAP,s) and other safety analyses, hazard classification
documents, technical safety requirements, DOE-issued safety evaluation reports, and
facility-specific commitments, such as the safety assessments (SAs) and most recently the
InterimSafety Basis (ISB) (Wagoner 1993). The potential hazardsof a ferrocyanide-nitrate/
nitrite reaction were discovered to representan inadequacy in the authorization basis. Before
the USQ was closed, proposed intrusive activities thatcould have impacted the safety of the
ferrocyanide tankshad to be thoroughly assessed for potential safety and environmental
consequences. Furthermore, these activitie_ could not be conductedwithout formal
authorization from DOE. With closure of the USQ, all activities covered by the ISB can
now be conducted without requesting DOE authorization. WHC policies and procedures
must still be followed, however. Any proposed new activities that are not covered by the
ISB must undergoa USQ screening in accordancewith DOE Order5480.21 (DOE 1991a)
and WHC Management Requirementsand Procedures Manual WHC-CM-1-3, Section 5.12
(WHC 1992). Those items judged to be an Unreviewed Safety Question using the USQ

4-20



WHC-EP-0721.

i

process would then have to undergo a thorough SA and EA evaluation, and DOE Program
Secretarial Officer authorization would have to be obtained. If the screening does not result
in a USQ finding, the work could then proceed in accordance with WHC management
requirements and procedures (WHC 1992).

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, along with an
accompanying Environmental Assessment (EA) for that operation (or the generic EA if
covered therein), provides the basis for authorization of the proposed activities. Recently the
authorization basis for previously analyzed intrusive tank operations was combined into one
document, the ISB. This document 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 and rotary-mode core sampling, instrument tree installation in sound
and leaker tanks, and removal of pumpable liquid from leaking tanks (interim stabilization).

A decision was made to revise the existing SA for installing instrument trees in sound
(non-leaking) ferrocyanide tanks so that installation in assumed leaker tanks was addressed as
well. A study to evaluate and identify alternative methods for installation of instrument trees
in assumed leaker ferrocyanide tanks was completed. The previous method used relatively
large volumes of water to sluice the tree through the waste. A concept that uses an ultra
high-pressure device and minimal quantifies of water was chosen for final testing and design.
This document was first transmitted to DOE in April 1993, and several revisions have been
made to incorporate DOE comments. The EA for installation of the instrument trees into
assumed leaker tanks has been incorporated into a generic EA covering operations for Watch
List tanks. This EA was approved by DOE-HQ in March and was issued with an
accompanying Finding of No Significant Impact (FONSI) (Gerton 1994).

Hazard Assessment. In June 1991, the TAP requested that WHC prepare a position paper
on the state of knowledge concerning the Ferrocyanide Safety Issue. The paper was to
document what was known about continued safe storage of the ferrocyanide waste in the
high-level waste tanks at the I-IanfordSite. The primary focus of the report was to assess if
it was possible for a significant exothermic chemical reaction to occur in the tanks under

existing conditions and whether the reaction could reach a runaway state in which radioactive
aerosols would be expelled from the tank. The safety of continued storage is of interest for
all long-term storage, mitigation, remediation, or treatment options because significant
storage time will still accrue before options can be selected and completed that modify the
waste form and render it safe, if some treatment_process is required.

The ferrocyanide position paper represented a snapshot in time of: (1) what was known
about ferrocyanide waste stored in underground tanks at the Hanford Site; (2) what this
information means in terms of storage safety; (3) what key uncertainties exist; and (4) what
must be done to resolve the safety issue. The position paper is an overview document with
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technical backup provided by the ferrocyanide hazards assessment document (Grigsby et al.
1992).

A draft position paper was issued November 27, 1991 for DOE and TAP review. Comments
were received by May 1992 and the document was revised and cleared for public release in
July 1992 (Postma et al. 1992). Updates of the position paper win be issued as significant
new information becomes available and as results of core sample analyses are reported. To
date, no updates have been issued because new findings and information are provided in the
quarterly reports (Meacham et al. 1994).

The scope of the ferrocyanide hazards assessment task was to provide a technical assessment
and updates of the ferrocyanid¢ waste tank safety concerns and progress towards resolution
of the Ferrocyanide Safety Issue. These assessments are based on information as it becomes
available from the Ferrocyanide Safety Program. Contributions are included from Fauske
and Associates, Inc. (FAD, LANL, PNL, WHC, and other sources.

The effort to update the ferrocyanide hazards assessment document was redirected in
June 1993 toward developing safety criteria and a technical basis document supporting
closure of the Ferrocyanide USQ. At that time, agreement was reached between DOE and
WHC on the approach to be followed for closure of the USQ and for resolving the safety
issue.

An updated ferrocyanide hazards assessment, now referred to as a technical basis document,
wiU not be started until enough information is available for resolving the Ferrocyanide Safety
Issue. Technical information from all Ferrocyanide Safety Program tasks will be
incorporated into this document. The approach and key safety criteria that must be met for
resolving the Ferrocyanide Safety Issue are addressed in Section 4.1. The objective of the
technical data that wiU be presented is to show that in situ storage of the waste is safe and to
designate those controls that must be implemented to ensure safety. The technical basis
document will be completed in FY 1995 to support safety issue resolution for the four
C Farm tanks. A revision of the document may be necessary in FY 1997 to support safety
issue resolution for the remaining 14 tanks.

In September 1990, an Ad Hoc Task Force report recommended that studies be performed to
provide information on: (1) the potential for a ferrocyanide-nitrate/nitrite explosion; (2) the
conditions necessary in the tanks to initiate an explosion; and (3) the potential consequences
of such an occurrence. The GAO advised the Secretary of Energy to implement these
recommendations. A report describing the consequences from a hypothetical burn may be
required to close out recommendation (3); however, documentation prepared addressing
recommendations (1) and (2) has shown that the risk for an explosion is negFglble. Since
the consequences of incredible events do not have to be analyzed (WHC 1993b), there exists
little technical justification for completion of a consequence report. A decision on the need

' for a consequence report will be made in June 1994, and a report will be written, if required,
by September 1994.
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Closing the Ferroeyanlde USQ. A draft of the Ferrocyanide USQ was submitted for DOE
review on December 1 1993 Closure of the Ferrocyanide USQ by January 31, 1994 was) " i

• one of the initiatives to accelerate resolution of tank safety issues (O'Leary 1993). This date
• is seven months earlier than originally planned. Closure of the Ferrocyanide USQ by

March 31, 1994 was also made a TPA milestone (TPA M-40-14) during renegotiation of the
Tri-Party Agreement (Ecology et al. 1994). The steps that led to closure of the Ferrocyanide
USQ am premnted in Figure 4-3. The majoreffort was to detemnine three safety criteria for
thesafetycategoriesorlevelsandprovidetechnicalbasesfortheirselection.Thecriteria
areformulatedonthebasisofdefinedsafetycategories,thesafetyobjective,andan
understandingofhazardphenomenology.Afterthecriteriawerequantified,availablewaste
characterization data were evaluated in fight of the criteria. The document that quantifies the
work steps depicted in Figure 4-3 provides the basis for closure of the USQ (l'ostma et al.
1994).

In March 1994, the DOE approved a formal request from WHC (Alumkal 1994) to close the
Ferrocyanide USQ (Sheridan1994). A new safety envelope has been defined by
Postma et al. (1994) which is reflected in an amendmentto the Interim Safety Basis
document(Wagoner 1993) for the tank farms.

The waste parameterson which the criteria were established have been identified from
known requirementsfor exothermic oxidation/reduction reactions. These are fuel, oxidant,
and moistureconcentrations, and waste temperature.

Each of the tanks were categorized into one of three possible levels:

1. LEVEL1 - SAFE

Concentration of fuel: _ 8 wt% sodium nickel ferrocyanide on an
energy equivalent basis

Concentrationof water: Not limiting
Concentrationofoxidizers: Notlimiting
Temperatureofwaste: No*,limiting

i
, i
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Figure4-3. InformationRequired forClosureof theFerrocyanideUSQ.
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2. LEVEL 2 - CONDITIONALLY SAFE

Concentration of fuel: > 8 wt% sodium nickel ferrocyanideon an energy
- equivalent basis

Concentration of water: _0 to 24 wt% [The moisture criterion increases
linearly from 0 at 8 wt% fuel to 24 wt% at

" 26 wt% fuel]
Concentrationofoxidizers: Notlimiting
Temperatureofwaste: '<90°C (194°F)[Temperatureisnotan

independentcriterion;seeSection6.2of
Postmaetal.1994]

3. LEVEL 3 -],_=52t]_

Criteriafor_ andCONDITIONALLY SAFE atenotmet;a modificationin
wastestateisrequiredtoremoveatankfromthe[,[]_b,]_category.

Numericalvaluesfor fuel, moisture,andtemperaturewerechosenon the basisoftheoretical
studies and the results of experiments conductedon waste simuiants (Postma et al. 1994).

The fuel criterion was determinedon an energy equivalent basis that accounts for possible
contributionsfrom other potential fuel sources, such as sulfide or organics. The moisture
criterion is not fixed at one value, but increases linearly from 0 at 8 wt% fuel, to 24 wt% at
26 wt% fuel. Temperatureis not a primarycriterion, and was set at 90 °C (194 °F) to
precluderapidmoisturelossinthewaste.Actionstocoolthewastewouldbetakenlong
beforetemperaturesinthetankincreasedto90 °C (CashandThurman1991b).

Thefuelandmoisturecriteriahavesafetyfactorsofabout1.9and2.0,respectively,when
comparedtoexperimentalresultsfrompropagationtests.The temperaturecriterionof90 °C
hasa safetymarginof30 °C (86°F),whencomparedtotheboilingtemperatureofthe
interstitialliquid,about120°C (248°F).More detaileddiscussionson criteriadevelopment
andtheconservatisminherentinthesafetycriteriaarepresentedinFerrocyanideSafety
Program:SafetyCriteriaforFerrocyanideWatchListTanks(Postmaetal.1994).

• Milestone Status

- June 24, 1994. Issue an Interim Safety Basis Level I report to DOE
which provides the updatedsafety basis for safe operation of

. ferrocyanidetanks. The Level I IS_ will cover previously analyzed
operations for all Watch List tanks and includes updates(amendments)
and more detailed analyses of intrusive tank operations.
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- July 29, 19')4. Issue an update of the ferrocyanide hazardsassessment
document. This milestone has been deferredto FY 1995. (See
milestone for August 3I, 1995.)

- September 30, 1994. Complete a final report, approved for public
release, on effects and consequences of various in situ ferrocyanide
tankwaste burns (if required).

- August 31, 1995. Issue technical basis document supportingsafety
issue resolution for the four C Farm tanks. Recommend resolution of
the FerrocyanideSafety Issue for C Farm tanks.

- February 29, 1996. Receive DOE approval to remove the four
C Farm tanks from the WatchList. Safety issue resolved for C Farm
tanks.

- January 31, 1997. Revise the technical basis document to support
safety issue resolution for the remaining 14 tanks. Recommend
FerrocyanideSafety Issue resolution for all remainingtanks.

- September 30, 1997. Receive DOE approval to remove all tanks from'
the Ferrocyanide WatchList, resolving the FerrocyanideSafety Issue.

m, ,,, ,,,, , , , ,,,,, ,
m, __ , _ , , , ,, , ,, ,
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S.0 DESCRIFrION OF ACTIVITI]_

• ThisdocumentsectionfollowsthegeneralformatoftherevisedDNFSB ImplementationPlan
(Borsheim et al. 1992). Each task activity is described relative to its application to one of
the six DIgFSB Recommendations (90-7. I through 90-7.6). The specific recommendation is
containedwithintheissueintroductionorbac_und subsection,followedby subsections
givingtheissueevaluation,_e assumptions,andmethodtoclosetherecommendation.
The actionplansubsection(ifnotalreadyclosedout)thenbrieflydescribesactivities
underwaytorespondtotherecommendation.Notethatthemostcomprehensiveandcurrent
statusoftheworkisprovidedintheQuarterlyReportsontheFerrocyanideSafetyProgram.
The mostrecentreportisfortheperiodendingDecember3I,1993(Meachametel.1994).

S.1 ENHANCED TEMPERATURE MEASUREMENT

5.1.I Ba_und

When the DNFSB initially examined the FerrocyanideSafety Issue, most of the ferrocyanide
tanks did not have an adequatenumber of functioning TC elements to provide a complete
vertical profile of the temperatureswithin the tanks, and limited information was
available about the total heat generationrate of the waste. The DNFSB issued
Recommendation90-7.1, as follows:

"Immediatestepsshouldbetakentoaddinstrumentationasnecessarytothesingle-
shelltankscontainingferro_anidethatwUtestabllshwhetherhotspotsexistormay
developinthefutureinthestoredwaste.Theinstrumentationshouldinclude,asa
minimum, additional thermocouple trees. Trees should be introduced at several radial
locations in all tanks containing substantial amounts of ferrocyantde, 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."

This recommendationreflected their concern about the possibility of an undetectedhot spot
existing within the waste that might provide the necessary energy to promote an uncontrolled

. reactionor explosion.

Subsequentwork in severPl areas has developed a broaderknowledge base and has warranted
several changes in the approach to implementing the recommendation. Originally, it was
planned to add svvcl'al temperaturemeasurementinstruments to each tank. This plan has
been modified to ensure that there is at least one instrument tree with replaceableTCs or
RTDs in each ferrocyanidetank. Additionally, there should be at least two operational
temperature-sensing elements in the waste to ensure a true temperature measurement and one

, ,,,,, , ,,,,,, maw,,

5-I



WHC-F_-0721

iiii ( ii i iiill iii i ii _ ]_. i iiii iii i.......................................

or more in the vapor space. The new data that have warrantedthis action include the
following: (I) many of the TC elements in the existing trees have been retum_ to service
and measuredtemperaturesare as expected; (2) thermal modeling to date (Mc_ 1993,
McLaren and Cash 1993) and an enhanced process knowledge show that the waste is
relatively homosenenus horizontallywith respect to heat generation (thus a hot spot is most
likely improbable); (3) any reasonablenumber of instrumenttrees would not be likely to
detect a hot spot; and (4) new estimates o" tank heat content based on tank temperatu_
show lower values than previous estimates. When completed, the new plan will result in
having two instrument trees in all but three ferrocyanide tanks (241-BY-I06, -iii and -I12).
Tank 241-BY-I06 alreadycontains an instrumenttree with replaceableTC elements.
Tanks 241-BY-Ill and -112 had no operable instrument tree, and the waste temperatures
were measuredvia a dedicatedTC element installed in each tank's LOW. New instrument
trees with replaceabletemperature-aatsin8 elements have now been installed in these two
tanks. The existing instrument trees in the tanks will be monitored as well u the newly
installed trees. It is expected that the older trees will eventually fall in a manner such that
they cannotbe repaired, and they will not be replaced.

S.I.2 Evaluation of Issue

Hotspotshavebeenpostulatedtoexistintheferrocyanidetanks.Knowledgeof the
ferrocyanidescavengingprocess(theprecipitateswereeasilysuspended),indicatesthatthe
wasteshouldberelativelyevenlydispersedhorizontally.Additionalinstrumenttreesto
providemorethanoneverticaltemperatureprofileandcoresampleanalyseswillconfirmor
refutethishomogeneity.However,todate,thepossibilityofhotspotsexistingordeveloping
inthefuturecannotberuledout.Evenifa hotspotisruledout,prudentmonitoringof
temperaturesisstillplanned.Therefore,theprovisionforhavingatleastoneinstrumenttree
per tank, with replaceable temperature-sensingelements, is warranted, as is additional review
of alternative methodologies, such as IR scanning, in parallel with further evaluation of the
possibility and consequences of hot spots.

5.1.3 Baseline Assumptions

• Hot spots may exist in the ferrocyanide tanks. Prudent temperature monitoring
is necessary even if hot spots do not exist.

• Use of instrumenttrees alone to detect hot spots is not practical because
multiple (more thmi 10) trees per tank would be required to ensure coverage.
The overall effort to install multiple new risers would be extensive. The work
would include: (1) structural analyses for core drilling the tank dome to install
the new risers; (2) a safety assessment for the dome coring and instrument tree
placement; and (3) excavation, shielding and core drilling. As low as
reasonably achievable radiation concerns would make this work expensive.

,, ,,,i,L,,, ,, |, , ,,,,,, , ........ , ...............
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• IR technology can be made to functionin hilh radiationfields for short time
periodsandhasthesensitivityto detecthot,_)ouof concern.(See
Section 5.1.5.2.)

• Thermal modeling, by itself, will not be adequateto resolve the concern
(i.e., field datasuch as measurementsfrom new instrumenttrees and core

• sample analyses will also be required).

5.1.4 Method to Close Recommendation 90-7.1

Pmvtdtnltfor at least one instrumenttree with replaceable temperature-sensingelements (TCs
or RTDs) in each ferrocyanide tankand connecting each element to TMACS should assure
adequate tem_ monitoringin the waste.

5.1.5 Action Plan

The tank mortJtoringand modeling activity includes four activities to respond to this
recommendation. Subtasks for this activity are as follows:

I. In_ new [mtrament trees-The scope of this subtask has been changed
as discussed in Section 5.1.5. I.

2. aelalrins andUl_zdlns exlstlnstanktemperaturemonitorinl
imtrumentation-(This task has now been completed).

3. Developinll and analyzing thermal models for ferrocyanlde tank
temperatures and hot spets-This task has been expanded to include
estimating heat generation rates and thermal characteristicsin additionaltanks.
See Section 5.1.5.2.

4. Applyintl alternative tank monltorinll tedmolollks, such as moisture
monltorinll of the waste--See Section 5.1.5.3.

" 5. Investlllatlnll Cooling System Requirements-This task will determine the
best method for active cooling to control ferrocyanidewaste temperaturesif an

• increasin8 temperature trend is seen in a ferrocyanidetank--See
Section 5.1.5.4.

5.1.$.1 Instrument Trees. A strategyinitially was developed to provide the temperature
instrumen_tion necessary to monitorconditions in five high-concernwaste tankson an
expedited basis. The strategy was to: (1) repairthe existing TC elements (where possible);
(2) install new instrumenttrees that would be fabricatedfrom existing drawings; and
(3) install multifunctionalinstrumenttrees (MITs) in those tanks that only have a few risers

- |,, ,, , , . , , ,, ,, ,.,. _
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available. The M1Tswouldprovidetemperaturemonitoring,thecapabilityfor gassampling
at threeelevations,possiblepressuremonitoring,andaccessfor deploymentof fiberoptics
insidethe tanks,if desired.The instrumenttreeswouldprovidetemperaturemonitoringbut
may not provide the option to obtainany other needed data. This strategy was later revised
to include only repair of TC elements in existing trees and installing new instrumenttrees in
ferrocyanidewaste tanks. A numberof unceminties concerning surveillance requirements
were experienced with the early design and development of the M1Ts. Resolution of design
and _tional requirementsresulted in substantialschedule delays and cost increases. In an
effort to expedite the requiredferrcx:yanidetank temperaturemeasurementupgrades, it was
decided to: 1) fabricateand install instrumenttrees in the tanks; and 2) determinehow to
take gas samples from the vapor space at a later date, if the installed capability for taking
periodic or continuous gas samples is detem_ed to be necessary. Currently, there are no
plans to install MITs in theferrocyanide tanks.

In fiscal years 1991 and 1992, the existing trees were evaluatedand the TC elements were
repairedand returned to service where possible. The evaluation consisted of taking field
measurementson each TC element in the existing trees to determine the resistance and
voltage across the junction and across each lead to ground. As reported in the DNFSB
QuarterlyReports, 265 TCs were evaluated;and elements, determined to be failed or
marginal in performance, were returned to service.

Installing instrumenttrees in the last four sound ferrocyanide tanks (241-BX-106,
241-BY-101*, 241-C-108, and 241-TX-118) was completed on July 30, 1993. Ten new
instrumenttreeshave(throughFY 1993)beeninstalledintanksidentifiedoriginallyon the
FerrocyanideWatchList.A techniquehasbeendevelopedtoinstallnew treesinassumed
leakingtanksusinganultrahigh-pressurewaterborehead,therebyminimizingtheaddition
ofwater.The finalreportfortheultrahigh-pressureboreheadtestinghasbeen
disseminatedforreviewandcommentsarebeingincorporated.Fabricationofthefirstfour
treesfortheassumedleakertankshasbeencompleted.Deliveryhasbeenmadefortheultra
high-pressureequipmentrequiredtosupportinstrumenttreeinstallationsintotheassumed
leakerfenocyanidetanks.

A heatedvaporsamplingtubehasbeenaddedtotheinstrumenttreedesignfortheassumed
leakerferroc_idetanks.Theheatedvaporsamplingtubeextendsfromoutsidetheriser,
throughtheTC treeandintothedome spaceofthetanks.The tubewillbeheatedby
circulatingeitherhotwaterorhotgasaroundthesamplingtube.Thisaddedfeaturetothe
new instrumenttreesmay eliminatetheneedtoinstallanadditionalvaporprobe,whichis
currentlyrequiredtoobtainvaporspacegassamples.VaporsamplingusingtheTC treewill
reducefieldeffortsandthecostofvaporspacecharacterization.The vaporsamplingtube
canalsobeusedformonitoringpressureintheferrocyanidetanksifdeemednecessary.

i[,i ii ii ,ill ii

* Notethattank241-BY-101hasbeenremovedfromtheFerrocyanideWatchList.
i 1 iii ii i

i i i
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Plans have moved aheadfor installing the new instrumenttrees in assumed leaker tanks. The
SA for installationof instrumenttrees into assumed leaker tankswas approved by DOE in
March 1994.

,_ Planned Work To Complete Program. New instrument trees for the
re_g five assumed leaker tankswill be fabricatedwith heated vapor

" samplingtubes and ultra high-pre_ure heads. The remaining new instrument
trees will be fabricated and installedduring CY 1994.

The final report for the ultrahigh-pre,murebore head testing was released in
December 1993 (I-Iertelendy1993). (WHC-SD-WM-RPT-132, Final Test
Report: Ultra-HlghPressureWaterasa TooltoBore,Drill,CutorPenetrate
HardSaltcake-LikeNuclearWaste.)

• MilestoneStatus

- September 30, 1994. Install9 instrumenttrees into assumed leaker
ferrocyanide tanks. This milestonealso addresses the September 1994
TPA milestone (M-40-02B), installation of 6 instrumenttrees into
ferrocyanide tanks.

- September 30, 1994. Develop criteriafor upgradedtemperature
monitoringcapabilities in ferrocyanide tanks (TPA milestone
M-40-02A).

- December 31, 1994. Complete installationof instrumenttrees in
assumed leaker ferrocyanide tanks. Replace existing TC elements in
the remaining two ferrocyanidetanks as necessary (241-BY-105 and
-BY-10_).

5.1.5.2 Hot Spot Thermal Modeling. Radioactivematerials in Hanford Site waste tanks
generate heat. A concern, raised when the ferrocyanidetanks first became a safety issue,
has been whether an exothermic excursion and local propagationcould occur within the
ferrocyanidewaste if there was a sufficient concentrationof ferrocyanide and a high enough
temperaturepresent. Not all ferrocyanide tanks have two instrument trees; consequently, it

" is questionablewhether abnormalheat generationcould exist in these tanks and not be
detected. This task models and analyzes the available temperaturedatafrom the ferrocyanide

• tanks to determine the heat load and temperaturesas a function of depth and horizontal
Ioca,ion. Sensitivity and parametricanalyses are included to determine the magnitudeof hot
spots thatmight exist within the waste and still not cause a propagatingreaction to occur.

State-of-the-art_,alidatedcomputer codes are used in the modeling. They are bedchmarked
with existing data and employ two- and three-dimensionalcapabilities. Both steady-state and
transientmodels are use_i. The work intentis to determineaccurate heat loads for each
ferrocyanidetank.
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A more realistic SST heat load model has been develot_ that contains several improvements
over previously used models. Refinements include: an experimentally measured value for
soil conductivity, a curved dome space geometry, and useof a transient thermalhistory.
Includingradiantand convective heat transferto the walls of the tank in the model offers
minimal increased accuracy. The new model was used to develop a thermal profile of
tank 241=BY=I04(McLaren 1993). Informationderived from the analysis of
tank 241-BY-104 was then used for correcting the thermal profile of ferrocyanidetanks that
have previously been analyzed (McLarenand Cash 1993). The new model will also be used
to reanalyze selected tanks, and to estimate the heat loads of the remaining ferrocyanide
tanks.

The technical basis was developed for estimating integrated tank heatloads just using the
tank vapor space temperatures. Calculationshave shown that there is a correlationbetween
total tank heat load and tank vapor space temperature. Tank vapor space temperature
measurements may confer a more representativemeasure of tank heat load when only a few
TC elements are located in the tank waste. Integrated tank heat loads for all the ferrocyanide
tanks were calculatedusing tank vapor space temperaturemeasurements. A report reviewing
this work was publicly released in December 1993 as Estimation of Heat Load in Waste
Tanks Using Average Vapor Space Temperatures, WHC-EP-0709 (Crowe et al. 1993). Heat
loads calculatedfrom tank vapor space temperatures correlatedclosely with other methods
previously used for calculating heat loads for selected ferrocyanidetanks. The heat load
estimates calculatedby this method were reportedin Table A-1 of the last quarterlyreport,
WHC-EP-0474-11 (Meachamet al. 1994).

A study was performedand a position paper issued (Dickinson et al. 1993, WHC-EP-0648,
Rev. 0) discussing the probability of a hot spot within a ferrocyanide tank that could raise the
waste temperatureto 120 °C (248 °F), the approximateboiling point of the waste solution.
The report used results from several analyses to describe the concentration factors required
for such a hot spot and the mechanismfor forming one. The reportconcluded that the
existence or formation of a hot spot of this magnitude was improbable.

Using infraredscanning to detect a postulatedhot spot was also addressed in the position
paper. Developing an infrared scanning system for use in the HartfordSite waste tanks has
been reportedin the DNFSB Quarterly Reports. This work culminatedin the demonstration
ofthescanningsysteminanonferrocyanidetank,241-S-110.Thepositionpaperconcluded
thatwhileinfraredscansofthetanksmay produceusefulinformationconcerningthelateral
heatdistributionwithinthetank,andthuscouldbeusedtoinvestigateanomalies,the
possibilityofhotspotsactuallyexistingistoolowtowarranttheuseofinfraredscansfor
routinesurveittance.The reporton theinfraredscansoftank241-S-110,Applicationof
InfraredImagin_inFerrocyanideTanks,(Efferdingetal.1993)wassubmittedforDOE
review(WHC-EP-0593).

• Planned Work To Complete Program. Devt :nt of the improved heat
transfer/heatload model has been completed anL .t report was issued
(McLaren 1993). Heat load analyses of all ferrocyanidetanks will be

5-6



WHC-HP-0721

performedin FY t994. Existing analyses will be updatedby using the
correctionfactors being developed. Reports of the new analyses will be
preparedand issued.

Commentsreceived from DOE and other reviewers will be addressed in an
updateof the report Ferrocyanide So/e_ Program: CredibUi_ of Drying Out

" Ferrocyanide Waste by Hot Spots (Dickinson et at. 1993). Additional
analyses, taking into account other possible drying mechanisms, will be
included in the reportupdate.

• Milestone Status

- December 30, 1993. Complete thermal hydraulicanalyses (using the
updated model) of tank241-BY-104 to determine heat load and
conductivitiesof the waste contents and issue a report, available to the
public, on the results of the analysis. The scope of this milestone has
been reduced to one tank (from four tanks) and the date slipped from
September IV, 1993 because of delays in developing the updatedheat
transfer/heat load model. The delays resulted from incorporating
refinements in the soft thermal conductivities as a function of moisture
content and determiningthe transientthermal history of the tanks. The
report, WHC-EP-0669, Ferrocyanide Safety Program: Updated
Thermal Analysis Model for Ferrocyanide Tanks with Application to
Tank 241-BY-104 (McLaren 1993), was released on schedule.

- December 30, 1993. Complete and issue a report, available to the
public, of corrected thermal analyses of sixferrocyanide tanks
(241-BY-I05, -106, -108, -II0, 111, and 241-C-109). This milestone
was slipped from November 26, 1993 because of delays in developing
the updatedheat transfer/heat load model. The report Ferrocyanide
Safety Program: Heat Loads and Thermal Characteristics of Selected
Tanks (McLarenand Cash 1993) has been issued.

- May 31, 1994. Complete additionalanalyses and issue an update of
the reportFerrocyanide Safety Program: Credibility of Drying Out
Ferrocyanide Waste by Hot Spots (Dickinson et al. 1993), approved for

. public release.

- June 30, 1994. Complete thermal hydraulicanalyses of heat loads for
nine ferrocyanide tanks(241-BY-103,-105,-106, -107,-108,-110,
-111, and 241-C-!09 and -112) and issue a reportavailable to the
public.

w
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- September 30, 1994. Complete thermalhydraulic analyses of heat
loads for all remaining ferrocyanidetanks and issue report available to
the public.

5.1./5.3 Estimation of Waste Moisture Content. Various techniquesfor measuring
moisturein the tank waste are being investigated. They include use of a neutronprobe in a
LOW or in a cone penetrometerpushed into the waste, measuringsurface moisture using
infrared techniques, electrical measurementsusing an induction coil, phase change probes
using thaw/freeze cycling and temperaturemeasurementin the tank, and time domain
reflectometry. Only the first two techniquesare currentlybeing funded by the Ferrocyanide
Program; these are described below. A white paper evaluating all of these techniques tiffed
Moisture Monitoring of Ferrocyanide Tanks: An Evaluo.rionof Methods and Tools, (Meacham
et al. 1993) has been publicly released.

Determinationof moisture concentrationsin the ferrocyanidewaste tanks is being pursued
using data analysis and modificationof existing surveillance systems (neutronprobes in
LOWs). Well-logging techniquescoupled with computer modeling are being developed and
applied to an existing neutronprobe to assess this probe and to determine informationabout
moisture levels, material interfaces, and other waste characteristics. The existing neutron
probe, used routinely to determine tank liquid levels, is inserted into closed-bottom LOWs to
access tank contents. Development of a new, improved neutron-diffusion-baseddetector
system is being investigated. This improved techniquewould be used primarily to determine
the vertical moisture concentration profile within the ferrocyanide tanks.

Moisture measurementusing neutron diffusion is an established technology. The technique
uses a neutron source and one or more neutron detectors. The thermal neutrons reachinga
detector originate as fast neutrons from the source and are slowed or absorbed by the

' medium. Because hydrogenatoms are the most effective at flowing down neutrons, the
detector response is a strong function of the surroundingmoisture concentration.

The source-to-detectorspacing of a neutron probe may be adjustedwith the addition of
source extenders. The variation in source-to-detectorspacing affects the near- and far-field
responseof the detector, and determines whether the system performs as a moisture gauge or
as a neutronlog. Source extenders are not currentlyused with the neutronprobe for liquid
level detection via the LOW. Computer modeling of the existing neutronprobe system
revealed that, in its currentconfiguration, it responds most like a moisture gauge.
Calculationsalso revealed that the probe would operate as a neutronlog with the addition of
an appropriatelength source extender.

Preliminaryinterpretationsof neutronscans ob'ained in three ferrocyanide tanks
(241-BY-107, 241-BY-110, and 241-BY-111) have been completed. To relate the axial
counting rates observed in these scans to an axial moisture concentrationprofile, the probe
responsewas modeled to best estimate 241-BY-104 tank saltcake and tank sludge for
differentwater concentrations. If the detector system were fully calibrated and the modeled
waste composition were representative of the tank material, it should be possible to predict

|
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moisture concentrationsbased on the near-or far-field detectorresponse alone. Further
improvementin the moisture predictionis usually gained by using the ratio of these two
responses. This ratio will often reduceor cancel some systematic uncertainties in the

. measurementas well as correct for some near-boreholeeffects.

Interpretingthe scan dataobtained from the saltcake region of each tank is complicated by
the fact that the LOW insertion through the hardenedsaltcake requires that a water lance be
used to create an opening. In-tank photographsof many LOWs show a saltcake entrance
hole larger than the LOW, leaving an annularair gap around the LOW. The observed
annular air gap affects the responses of the detectors. It should be possible to correct for
such an air annulususing modeling in conjunctionwith experimental tests. In addition,
modeling has shown that developing a detectorwith a thermal neutronshield (epithermal
neutrondetector) would be less sensitive to the air gap and should allow more accurate
moisture determination. The fact remains, however, that the gap contains less waste and the
waste may be drier because of its increased surface area exposed to air in the tank.

The University of Washington's Center for Process Analytical Chemistry(CPAC) has
completeda Phase 1 studyof the feasibility of measuringsaltcake surface moisture with
optical scatteringtechniques (Veltkamp1993). Scatteringcomparison studies for three
spectral regions (visible, near-infrared[NIR], and mid-infrared)on a 241-BY-104 saltcake
simulant, indicated thatthe NIR regionproduced the best moisture sensitivity and the
simplest (one parameter)calibration model. Over a range of 0 to 20 wt% moisture, the NIR
calibration model predicted water within0.5 wt%. Issues such as particulate size and
material matrixchanges will be exploredin the Phase 2 work. The Phase 2 work will also
include a full-scale demonstrationexperimentthat indicates feasibility at tank scale
dimensions for noncontaetsensing.

A spectrometersystem with a fiber optic probe is being delivered to WHC by the Savannah
River Site (SRS) laboratory. The plan is to integrate the CPAC NIR calibration model with
this system for a remote probe moisturesensing system. Nonradioactive(cold) materials will
be used to feature test this system. The remote fiber optic probe system has potential
applicationin hot cells and with in situ waste tank cone penetrometersystems.

A preliminarymodeling analysis was performed to evaluate ferrocyanide sludge waterloss as
a result of gravity drainage. The model simulated flow of a highly concentratedsolution of

" nitrate salts throughan unsaturatedporous medium. Data from the small column and
centrifugationexperiments (reportedin Section 5.4.5.2) are being used to estimate the

• hydraulic properties thatcontrol liquid flow in the sludge. Figure 5-1 shows water remaining
as a function of time for a 2.44-m (8-ft)-deep sludge layer. The model indicated that the
sludge would still contain 40 wt% water even after200 to 300 years of drainage.

The modeling results are still tentativebecause consolidation processes and possible
evaporative loss of water were not included. Other studies have demonstratedthat sludge
shrinksby consolidation as it drains liquid. The currentunsaturatedflow analysis, however,
presumes that the sludge matrix remains rigid. Moreover, sludge would dry out at the
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surface of a profile if exposed to an atmosphere of sufficiently low relative humidity. This
modeling study did not consider evaporation at the surface if the relative humidity is less
than saturation.

Figure 5-1. Water Concentration at the Surface of a 2.44-m (8-ft)
Column of Ferrocyanide Sludge as a Function of Drainage Time.
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• Planned Work to Complete Program. An experimental test area in which to
complete the final development, testing, and Calibration of a prototype neutron
diffusion-based moisture measurement system is being set up. This will allow
necessary, controlled experimental measurements to be made.

Development of two neutron probes with different source-to-detector spacings
will be completed and the probes will be used to scan for moisture content in
the ferrocyanide tanks. A single probe with two detectors may be developed
later if it is necessary to reduce the time required for scanning LOWs.

i
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The possibility will be investigated of using a pulsed neutron source for
obtaining additional information about the surrounding medium. A simulant
more representative of the neutronic properties of ferrocyanide waste will be

. identified and used to obtain probe data as a final check for the Monte Carlo
Neutron Photon (lVlCNP)model.

" Integratingthe SRS NIR system with the CPAC calibration model and
identifying materials for cold feature testing will be initiated. The Phase 2
work scope thatstarted in FY 1993 will be completed and a report expanding
on the Phase 1 work (Veltkamp1993) will be issued for public availability.
The Phase 2 studies will optimize the calibration model and evaluate the
effects of matrix interferences on moisture sensitivities.

The CPAC surface moisture monitoringconcept will proceed throughPhase 3
studies and final evaluation made. If the concept appears feasible, a prototype
monitoring system will be initially installed in a hot cell. If the concept is
successful, an evaluation will be made as to the advisability of installing a
prototype into a tank, takingthe FerrocyanideSafety Program surveillance
needs into consideration.

Drainage modeling will continue, and will be expanded to include moisture
loss from the waste surface. The work will be reported in a document cleared
for public release.

Overall, the various concepts for moisture monitoring will be evaluated, the
monitoringneeds evaluated from a surveillance requirementstandpoint, and a
decision made as to what systems should be deployed.

Frequency of moisture measurementwill be established and appropriate
administrative systems developed to detect potential decreasing amountsof
moisture.

• Milestone Status

- March 31, 1994. Complete the Phase 2 surface monitoring
interference study/scaleup report.

. - September 30, 1994. Complete Phase 3 surface monitoring work and
provide a report.

- September 30, 1994. Provide a working prototypeneutron probe
system for moisture monitoringwith documentation.

- September 30, 1995. Complete first phase of neutron moisture
monitoring installation and initiate monitoring.

ii ii iii
i
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- September 30, 1995. Complete surface moisture measuring
development work and in-tank demonstration, if warranted.

- September 30, 1996. Complete installation of neutron moisture
monitoring equipment.

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

- September 30, 1997. Complete installation of surface moisture
monitoring system.

5.1.5.4 Cooling System Requirements. If an increasing temperature trend develops,
leading to undesirable high temperatures in a ferrocyanide waste tank, a method for
controlling the temperature to prevent the loss of moisturewould be required. Immediate
emergency actions that would be taken are described in the Action Plan for Response to
Abnormal Conditions in Hanford Site Radioactive Waste Tanks Containing Ferrocyanide
(Cash and Thurman 1991b). Types of cooling systems might include, but are not limited to:
(1) forced ventilationof the tank, using an existing or new exhauster system; (2) air
conditioning air to the tank; (3) adding humid air or mist; and (4) adding water to the tank.
Systems (2), (3), or (4) might also require that an exhauster system be installed on the tank.
For tankswith large amountsof solids, the cooling provided by the exhauster might not
allow the temperature to be controlled at the bottom of the waste. Adding water to the tank
is undesirable because it could potentially add radioactive waste to the soil, assuming the tank
le.aked. Adding humid air to the tank has the advantage in maintaininga higher moisture
level which by itself (if it reached the lower partof the waste) would prevent the occurrence
of any exothermic reaction. Air conditioning might provide the necessary cooling where a
standardexhauster is not sufficient.

• Planned Work for Completion of Program. An engineering study may be
performed to determine the best method for preventing a potential exothermic
reaction in the event of increasing temperatures in a ferrocyanide tank. The
results of the engineering study would lead to a decision whether to design and
purchase a cooling system as a contingency measure.

• Milestone Status

- September 30, 1995. Complete an engineering study (if required) to
identify the best system for controlling an increasing tank temperature.

- January 31, 1996. Decide whether a cooling system should be
available as a contingency action. Initiate fabrication/purchaseof the
cooling system, as required.

I
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- September30,1997.Fabricateandinstallcoolingsystems(if
required).

5.2 CONTINUOUS TEMPERATURE MONITORING

5.2.1 Baci_ound

AllHanfordSSTswereequippedoriginallywiththermometersorTCs fortemperature
measurement.By 1989,manyoftheTC elementswereinoperable,andthe"good"TCs
werebeingmanuallyreadby operators,generallyona I-,3-,or6-monthinterval.As a
result, there were many missedand inaccuratereadings. Thus, a reliable and consistent
temperature databasefor the ferrocyanidetanks was not available.

The TC reading frequency for the ferrocyanidetanks was increasedto weekly in
October 1990. The additionalreadings, coupled with the temperature upgradeprogram (see
Section 5.1.5.1), improved the temperaturedatabaseand reduced scarer considerably.
However, the reliance on operators for scheduled manualreadings still resulted in many
questionablereadings. A project was started to provide continuous, direct temperature
readoutsand alarms to a continuously mannedstation. As a first phase, strip chart recorders
were placed on two of the higher temperature ferrocyanide tanks (241-BY-106, -II0) in
March 1991.

Theneedforimprovedtemperaturemeasurementswasrecognizedby theDNFSB andledto
Recommendation90-7.2:

"Thetemperature sensors referred to above should have continuous recorded readouts
and alarms that would signal at a permanently manned location any abnormally high
temperatures and any failed temperature instrumentation."

5.2.2 Evaluation of Issue

. It is agreed that continuous temperaturemonitoringof the ferrocyanide tanks with readout
and alarms in a permanently manned location is needed. Even when the tanks are removed
from the Watch List, it is expected that continuous temperature surveillance will continue,

• although not dictated by the safety criteria to ensure in situ safe storage. Prudent
management of the tanks, especially the SSTs, requires that the upgraded instrumentation be
surveilled until the waste is finally removed from the tanks. See Section 5.6.4 for the plan
for response to increasing ferrocyanide tank temperatures.

5.2.3 Baseline Assumptions

n, i i
i
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• Temperaturemeasurementsprovide valuable information, although the
measurementsprovide only one (or two) vertical profiles in the tank waste.

• The temperature-sensingelements (TCs or RTDs) should be read
automatic_dly,to eliminate the errors introducedby manual readings.

Q

• The temperaturereadings need to be timely and accurate; they must initiate an
alarmif preset limits from a b_e are exceeded.

S.2.4 Method to Close Recommendation 90-7.2

Connecting the temperature-sensing elements in the radioactivewaste (both existing and from
new instrumenttrees) to TMACS will provide the necessary temperature monitoring. (See
also Section 5.1.5.1 for provisions for new instrumenttrees.)

5.2.5 Action Plan

The objective of this task is to have continuous and more accurate temperature monitoring,
data logging (recording), and alarms on all ferrocyanidetanks with readouts at the Computer
Automated Surveillance System(CASS)in the 2750E Building (200 East Area), which is
manned24 hours per day. Until completed, temperature readings on the ferrocyanide tanks
will continue to be taken manually on a weekly basis. (Weekly is defined as 7 days, not to
exceed 12 days, between any successive readings of an individualtank.) The enhanced
monitoringwill significantly improve the accuracy, precision, and detection of potential
changes in temperature.

The scope of this task has not changed from the initial implementationplan. Delays have
been experienced in completing the installation for all tanks, primarily because of tank farm
entry restrictions. Using supplied fresh air has been imposed, first for work within the
241-C Tank Farm, and since early 1992 for work aroundall ferrocyanide tanks.
An Administrative Hold placed on tank farms activities on August 12, 1993 to allow a
re-examinationof tank farm conduct-of-operationsand safety procedures has also delayed
completion of this task. o

5.2.5.1 Tank Monitoring and Control System (TMACS). This task provides the
continuous monitoringof currently installed (and operable) temperature-sensing elements for
the :'errocyanidetanks. New instrumenttrees will be connected to the system as they are
installed in each tank, resulting in continuous monitoringof all trees in ferrocyanide tanks.
All dataare collected automaticallyat the continuously manned CASS OperatorControl
Station. The monitoring system is independentof the CASS and is capable of displaying data
to an operatoron request. Trend dataon selected points are available for display in numeric
or graphic form.

ii iiii
i ii

5-14



WHC-EP..O_ 1

It I I I ill :L II I II IIIlirilll iilillli [I i illlili i _11 ii lilll|l|llr_l[ii I]TII I ]iUil iiiiI I---- _ _ ± [ IIIIIIIIII!1 I I IIII Illillllllllill 1111 ! III I I I

The system, which became operationalin September 1991, has the capacity to assign alarms
forchangeinthevalueofanytemperaturepoint.Alarms,iftheyoccur,triggeranaudible
annunciatorand are logged immediately to hardcopy. An alarm summary display provides a

- list of the most recent alarms in orderof occurrence. Each alarm can be identified by point
and time of occurrence. Operator acknowledgementof the alarm will silence the audible
annunciator. ,

Signal conditioning and multiplexingare pro'formedlocally at each tank. This eliminates the
need to transmitlow-level signals to the tank farm boundaryand reduces cable runs.
Electronicnoise,extensionwirecorrosion,andthermalgradientsaretherebyreduced.

Five BY Farm tanks w_ first connected to thesystem in September 1991. Currentlyall
Ferrocyanide Watch List tanks in the 241-BY, 24I-TY and 24 I-TX tank farms have been
connected to TMACS (including four new instrument trees installed in 241-BY farm).
Thirteen ferrocyanide tanks (16 trees and two LOW TC elements) are monitored by the
TMACS. Temperaturereadings from the working TC elements in these tanksare being
recorded continuously. The design has been completed for connecting the ferrocyanidetanks
in the 24I-BX, 241-C and 241-T tank farms, but final installation has been impacted by the
Tank Farm Administrative Hold.

s F/anned Work To Complete Program. Constructionhas resumed in C, T,
and BX Farms, and the initial TMACS installation will be completed by
September 1994.

, Milestone Status

- September 30, 1994. Complete installationof the TMACS for the
four ferrocyanidetanks in C Farm, one tank in T Farm, and two tanks
in BX Farm. Ferrocyanidetanks recently removed (BX-II0, BY-101,
and T-101) or scheduled to be removed (BX-102 and -106) will also be
connected, but not until FY 1995.

- December 31, 1994. Complete installation of the TMACS for new TC
trees installed during FY 1994. The completion of the TMACS

• installationsis also a TPA milestone (M-40-02).

- S.3 COVER GAS MONITORING

5.3.1 Background

Concerns that flammablegases might be present in the ferrocyanide tanks led to DNFSB
Recommendation90-7.3:

5-15



. WHC-EP-0721

i I i iiiii i iii i ._ i iiilii :1 iii ii iiii [11111 i i iii iiii iii il I IITI III II I I i. II I1[I Iffllllll _ III

*Instrumentation should also be installed to monitor the composition of cover gas in
the tanks, to establish ¢'flammable gas tz present."

All ferrocyanide tanks, like most SSTs, are pa_vely ventilatedto the atmospherevia
individualhigh-efficiency particulateair breather filters. The "breathing"is dependent on
changes in barometricpressureand differences in temperaturebetween the waste tank and the
outside air. The pressurechange causes a small volume of stagnantair to be replaced with
fresh air, which helps control the concentrationof chemical vapors inside the tanks. The
tank vapor _ does not have any normal capability for sampling; therefore, a riser must
be opened to obtain gas samples. The tank waste is expected to produce small amountsof
hydrogen (H2)via radiolysis of water, but at only a small rate because of the low fission
productinventory. Samplingof the ferrocyanidetanks to date has shown only trace amounts
of hydrogen and sometimes other flammablegases.

In general, the vapor _ of the waste tanks are poorly charac_. Several SSTs emit
noxious gases, with ammonia being fairly common. It has been postulated that ferrocyanide
tanks could emit hydrogencyanide gas, from degradationof cyanide compounds, although
results to date show less than detectable(< 2 ppm) levels. The normal practice before work
begins aroundor in an SST has been to sample the work _ and vapor space, if a riser is
opened, with a combustiblegas analyzer and other gas detection devices (e.g., volatile
organic monitors and DrlgerTM tubes) as directedby WHC IndustrialHygiene. Supplied
breathingair is initially used if a tankriser is opened. Until recently, all work on any
ferrocyanide tank requiredthatworkers use supplied breathingair. This requirementhas
been reduced or eliminated using informationgained from gas Samplingefforts.

5.3.2 Evaluation of Issue
i

The vapor space within the ferrocyanide tanks must be sampled for flammable gases before
performing any intrusive activities in the tanks. This control has been included in all safety
assessments written for such activities (e.g., core/surface sampling, and thermocouple tree
installation). To date, there is no indication that continuous monitoring for compositional
changes is needed. However, if periodic, or cyclic, venting of the ferrocyanide tanksdoes
occur, sampling of the tanksthat has been done to date may not have detected all potential
concentrationsof flammable gases. Note that there has been no indication from gas sampling
or tank level measurements thatcyclic venting occurs in these tanks.

5.3.3 Baseline Assxunptlons

• Flammable gases are assumed to be present until proven otherwise.

• Noxious gases are assumed to be present until proven otherwise.
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, Vapor _ and thermalmodeling have shown that stratificationis
improbable, and thathydrogengas levels from radiolysis alone are not high
enough to be in the flammablerange. Organicvapors may still be above the

. lower flammabilitylimit (LFL), however.
5.3.4 Method to Close Recommendation 90-7.3

" This recommendationmay be closed when the vapor spaces of all the ferrocyanide tanks
have been sampledand found to be below concern for flammability. The issue of the need
for continuous monitoring will also be resolved. A study will be performed to examine the
potential for periodic, or cyclic, venting of flammable gases. This study and past sample
analyses will addrm the question of how fast the gas composition within a given tank may
change. If characterizationof the tanks demonstratesthat the fuel value is below the
proposed 8_ limit (Section 4.3), flammablegases will not be a concern as it applies to the
ferrocyanideprogrambut, instead, will be addressed by the flammable gas program. If it is
deemednecessary to installcontinuousgas monitoring,thoseresultswill be evaluatedand
used as they apply to the proposed safe storage limits with respect to fuel and moisture.

5.3.$ Action Plan

The intent of this task is to provide intermittentgas sampling for the ferrocyanide tanksand
to determine whether continuous monitoringis required. The safety assessments for intrusive
activities (such as core drilling and TC tree installation) require sampling for flammableand
noxious gases.

The frequency of gas stmpUng and/or the need for continuous monitoring will be determined
after most of the ferrocyanidetanks have been sampled and the data analyzed for gas
content, concentration,and distribution. An evaluation will be completed to determine which
gases may need to be continuously monitoredand whethera prototype monitor should be
installed in certain tanks. To date, no evidence exists thatcontinuous monitoring is
necessary for any gas.

5.3.$.1 Interim Flammable Gas Monitoring. The effort to conduct flammable and toxic
gas monitoringand analyses in the ferrocyanidetanksis continuing. Most of this effort was
transferred to the Tank Vapor Issue ResolutionProgram, which is coordinatinginterim gas

" monitoringof the ferrocyanidetanks. Tank vapor spaces are measured for flammability
using a commercial combustible gas monitor (calibratedwith pentanegas) and are monitored

. for potential toxic gases using an organic vapor monitor and DfltgerTM tubes as requiredby
the safety assessments and work procedures for a particuiaractivity. Development and
validation of alternativetechnologies for vapor space characterizationare in progress using
Summa canisters and specific absorptiontubes. The initial vapor space sampling was done in
several tank locations; i.e., from two widely separatedrisers and at three elevations in the
vapor space. Review of the sample data indicated thatsampling from one riser was adequate
and the numberof sample elevations may also be reduced in the future.

................. ;i:,.... - ,
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To date, the vapor _tcei in 15 of the ferroey_de tanks have been sampled. In two of the
tanksthe combustible gas analyzer reading wu reportedas 1• of the LFL, and the reading
wu reportedu < 1• in all other ferrocyanidetanks sampled. The maximum reading
reportedfor the organic vapor monitorwas 350 ppm (--0.035 vol. _) in tank 241-BY-110,
and all other tanks had readings at least an order of magnitudelower. Ammonia has been
detectedin several of the sampledtanks; the maximumreportedvalue was estimated as
612 ppm, asain in tank 241-BY-110. The measuredvalues in the other tanks ranged from " i
< 2 ppm to 250 ppm. Hydrogen cyanide measurementswith DrlgerTM tube monitoring have
all been below 2 ppm, the detection limit for thatmethod. (The lqIOSH recommended8-hr
thresholdlimit value time-weightedaverase exposure limit for HCN is 4.7 ppm.) This
method is adequate for field use. Two tanks, 241-C-108 and -111, have been sampled and
analyzed for HCN with a more sensitive method as part of a larger characterizationprogram,
and both were reportedas less than 0.04 ppb; i.e., < 40 parts per trillion.

• Planned Work to Complete Program. Flammable gas sampling and selected
noxious gas monitoringwill be done, as required, to supportplanned core
samplingand instrumenttree installation.

• Milestone Status

- September 30, 1994. Complete vapor space sampling of remaining
ferrocyanidetanks, as required, to supportvarious field activities.

- Sel_ember 30, 1995. Complete vapor space sampling of remaining
ferrocyanide tanks. This milestone addresses the November 1995 TPA
milestone M-40-03.

5.3.5.2 Continuous Gas Monitoring. Options for installing a gas monitoring capabilityon
the new instrumenttrees have been reviewed and a heatedva_r sampling robe has been
added to the design of future trees for ferrocyanide tanks(see Section 5.1.5.1). This will
allow vapor space sampling on a continuousor intermittentbasis. However, a definitive
decision to monitor continuously or just occasionally has not been made. The need for
continuous gas monitoringwill be add_ in a study that will address the potential for
cyclic venting and the possibility of accumulatingflammablegases. Evaluation of gas
samples secured to date for tanks241-BY-101, -104, -110, -111, -112; 241-BX-106, -110,
-111; 241-C-108, -109, -111, -112; 241-T-101, -107; and 241-TX-118 has indicated no need
to continuously monitor for specific gases.

The possibility that loeAdizedconcentrationsor stratificationof ga._s exist in the tanks has
been evaluated. This concern is being addressed throughthe sampling effort described in
Section 5.3.5.1. A modeling effort to determineairflow patternsin the vapor space of
tank 241-C-109 was conductedto evaluate the amountof mixing and the local gas
concentrationsthatcould occur. The results of this analysis were used to evaluate the
hazardsand risks involved during samplingand oth(r intrusive activities within this and other
ferrocyanidetanks.

i i i i i | i
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The resultsof thisstudyhaveshownthattheg_ in the tankare well mixedandfollow
Graham'slaw for gaseousdiffusion. A significantexchangeof tankgaseswith freshair
occursfrequentiyandthe accumulationof flammablegasesis precludedbasedon the natural

• breathing rates of the tanksfrom changes in barometricpressure. Thermalconvection was
shown to provide a well-mixed vapor space within the tanks. This task has been completed
and a report,WHC-SD-WM-ER-183, Rev. 0 (Wood 1993), issued.e

An analysis of a second tank was deemed unnecessarybecause of the well-mixed
environmentcalculatedfor the first tank. This study, however, did not address the
possibility of cyclic venting and flammablegases accumulating for short periods of time
before fresh air exchangeoccurred.

• Plumed Work to CompleteIh'ollrmn. A studywill becompletedto evaluate
potentialsourcesof flammablegasesincludingpossiblecyclicventing. The
studywill determineif continuousgasmonitoringequipmentis needed. A
decisionontheneedfor continuousvaporspacemonit_ringof someor all of
theferrocyanidetankswill be madeanddocumentedbasedon samplingdam.
If recommended,continuousgasmonitoringwill be implemented.However,
if characterizationof the tankwastedemonstratesthatthefuel valueis I_Aow
theproposed8 wt_ limit, nocontinuousgasmonitoringwill be performedby
theFerrocyanideSafetyProgram.

• Milestone Status

- March 31, 1994. Complete a study to evaluate whether continuous
monitoringis required. This task is on schedule.

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

- September 30, 1997. Complete installationof continuous gas
monitoringequipmenton six tanks (if required).

5.3.5.3 Tank Pressure Monitoring. Public Law 101-510, Section 3137 0Hyden Bill),
requires that "...the Secretary of Energy shall identify which single-shell tanks...may have a
serious potential for release of high-level waste due to uncontrolled increases of... pressure.
After completing such identification, the Secretary shall determine whether continuous

• monitoring is being carriedout to detecta release or excessive...pressure at each tank so
identified. If such monitoring is not being carried out, as soon aspracticable the Secretary
shall install such monitoring...'. The ferrocyanidetanksinitially were so identified,'but the
capability for pressure monitoringdoes not exist on the tanks. Because the ferrocyanide in
these tanks is believed to be wet, the possibility of a rapidreaction thatwould generate a
pressure wave is considered highly unlikely and most likely incredible. Sufficient knowledge
about the safety of the FerrocyanideWatch List tanks exists at this time to justify closure of

ii, i i i iillli ill li
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the USQ, which DOE approved in early March 1994. Characterization (core sampling) of
most of the tanks, however, is required to resolve the Ferrocyanide Safety Issue.

Characterization of all ferrocyanide tanks is now scheduled to be complete by
September 1995. It is anticipated that this characterization will place all ferrocyanide tanks
into the SAFE category, a condition sufficient to remove them from the Watch List.
Therefore, it is very likely that pressure monitoring will not be necessary nor required. It
would take several years to install pressure monitoring instrumentation and the readout
capability for the CASS Control Room. Another study is being conducted that will evaluate
the potential for the generation of flammable gases that might cause pressurization of a tank.
If the results of this study show that 25 % of the LFL cannot be exceeded, a recommendation
will be made that no pressure monitoring be installed.

• Planned work for Completion of the Program: Complete a study on
evaluation of gas generation and the need for continuous pressure monitoring.

• Milestone Status

- July 29, 1994. Complete studies to determine whether continuous"
pressure monitoring is required for some or all ferrocyanide tanks.

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

- September 30, 1996. Install pressure monitoring instrumentation and
readout capability on all applicable ferrocyanide tanks (if required ).

5.4 FERROCYANIDE WASTE CHARACTERIZATION

5.4.1 Background

The ferrocyanide sludge was deposited in the SSTs in the mid-1950s. Sampling and analysis
of the sludge since that time have been limited. The 24 I-TY Tank Farm (which contains
T Plant flowsheet sludge) was core sampled in 1985 (Weiss 1986); thus, some data on these
tanks, including total cyanide analyses on two archived sample composites (Winters 1988),
were available when the DNFSB first reviewed the Ferrocyanide Safety Issue. The DNFSB
Recommendation 90-7.4, which follows, reflects their concern over the lack of analyses of
the actual tank waste:

"The program of sampling the contents of these tanks should be greatly
accelerated. The proposed schedule whereby analysis of two core samples

from each single shell tank is to be completed by September 1998 is seriously
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inadequate in light of the uncertainties as to sqfety of these tanks.
Furthermore, additional samples are required at several radii and at a range
of elevations for the tanks containing substantial amounts of ferrocyanide. "

p

An extensive core samplingprogram for the ferrocyanide tanks has been initiated, with
. three tanks (241-C-112, -C-109 and -T-107) sampledto date. Two surface (saltcake)

samples from tank 241-BY-104 were also secured and analyzed.

Ferrocyanide tank core samples are being analyzedto provide characterizationof physical,
chemical, and radiological properties to support: (1) the resolution of the Ferrocyanide
Safety Issue; and (2) the design of retrieval, pretreatmentand disposal systems as required
for all SST samples. All core samples are normallyfull waste-depth; thus, a vertical profile
of the waste is secured at the sample location. The desire to secure multiple samples across
the tank area is temperedby the following considerations: (1) only a limited numberof entry
risers are available; (2) Hanford Site analytical facilities (hot cells and labs) for handling
these highly radioactivesamples have a limited capacity; and (3) the safety screening suite of
analyses for a typical set of ferrocyanide core samples is estimated to cost approximately
$300,000.

5.4.2 Evaluation of Issue

It is agreed that samplingand characterizationof the ferrocyanide tanks is requiredto
adequately resolve the safety issues. The currentschedule for ferrocyanide tank sampling
shows completion of sampling from all ferrocyanidetanks by the end of FY 1995
(DOE 1994). A data quality objectives (DQO) document,Data Requirements for the
Ferrocyanide Sofety Issue Developed Through the Data Quality Objectives (DQO) Process
(Buck et al. 1993), was preparedthatprovides a statisticalbasis for the numberof cores
required to characterize the ferrocyanide tank waste. The numberof cores required to
determine the fuel and moisture values for each ferrocyanide tank is two full-depth cores,
taken from representativeareas of the tank. Each core consists of 48-cm (19-in.) segments
or portions thereof depending on the depth of the waste in the tank. The sludge layer in
these cores will be divided into four 12- cm (4.75-in.) subsegmentsfor each 48-cm (19-in.)
segment. If the tank contains a sal_ layer, the saltcake segments will be divided into

. only two subsegments. Process flowsheet knowledge, tank historical data, and results
obtained from tests with ferrocyanide sludge simulantsare used to supplement the core
sample results.

Ideally, the bulk of the data regardingthe behavior of ferrocyanide waste would be obtained
from actual waste samples. However, the scarcity of tank samples has necessitated the use
of waste simulants to perform studies on energetics, kinetics, aging, and theological
properties. In addition, it is more cost effective and timelyto work with simulants.
Problems encountered in working with actual waste, in addition to the obvious ones of
working with highly radioactivematerials, include the fact that in many of the samples (as
demonstratedby the 241-C-109 and -112 core samples) the waste no longer contains the
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original high concentrationsof analytes of concern. The waste has aged, and aging data may
be difficult to obtain from the tank samples (except perhapsby spiking with a flowsheet
simulant). Detailed historical analyses and an extensive technical review were performed
during development of the simulants. There is a laboratorytask (see Section 5.5.5.1) to
compare the physical and chemical propertiesof ferrocyanide waste simulants with the results
of actual tank waste. If discrepancies are found, the safety implications will be evaluated and
furtherwork performed as necessary.

5.4.3 Baseline Assumptions

• Some waste forms are reactive and capable of propagatingreactions above
some onset temperature [currently estimated from simulants to be > 245 °C
(473 °F) (Postmaet al. 1994)], unless shown otherwise.

• Even if reactive, stored ferroeyanidewaste cannot reach this onset temperature
from the present storage temperature (<55 °C), unless the moisture content of
the waste drops below the safety criteria limit for moisture (see Section 4.3),
and some heat source is present to cause the tank to heat up. Studies of
moisture transportin ferrocyanide tanks have concluded that the ferrocyanide
sludge will retaina moisture content greater than 40 wt% (see Section
5.1.5.3), even if the tanks leak or are saltweU pumped (Grigsby et al. 1992,

. Postma et al. 1994).

• The most reactive ferrocyanide sludges are those from the In Farm scavenging
flowsheet; these are stored in the four 241-C Farm ferrocyanide tanks.
T Plant flowsheet ferrocyanide sludge exhibits chemical and physical behavior
similar to U Plant flowsheet sludge because their compositions are comparable
(Fauske 1993, Jeppson and Wong 1993).

• The DQO process has been used to establish the requirements for safety
screening sampling and analysis for the Ferrocyanide Watch List tanks
(Buck et al. 1993, Babad and Redus 1994). Other DQO analyses are planned;
(e.g., for waste retrieval) and the DQO sampling needs for all tank issues will
be combined to allow the most efficient use of sampling and analytical
resources.

• Waste simulants and modeling assumptions are conservative estimates
appropriatefor use in closing the USQ and resolving the Ferrocyanide Safety
Issue.

5.4.4 Method to Close Recommendation 90-7.4

It is anticipated that the samplingand analysis of the In Farm scavenging flowsheet tanks,
several U Plant scavenging flowsheet tanks (including some BY-Farm tanks), and at least one

i i
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T Plant scavenging flowsheet tank, in combination with simulant studies of all flowsheets,
will establish the maximumreactivity of these ferrocyanide sludges. When these analyses
and evaluations are completed, sufficient information may be available to resolve the
FerrocyanideSafety Issue. The present schedule for core samplingcalls for obtainingcores
from all of the ferrocyanide tanksby September 30, 1995. However, the waste in many of

. the U Plant flowsheet tanks, for example, may exhibit very similar chemical and physical
properties. If this is the case, it may not be necessary to obtaincores from each
ferrocyanidetank, and resolving the safety issue could proceed ahead of schedule.

5.4.5 Action Plan

Characterizationof the chemical and physical propertiesof ferrocyanidetank waste is
necessary to: (1) determine the chemical reactivity of the waste; (2) guide chemical reaction
studies; (3) provide a basis for determining the probabilityand consequences of any
postulateduncontrolled ferrocyanidereaction; and (4) allow applicationof the study results to
resolve the FerrocyanideSafety Issue. Knowledge of the relative vertical position of various
waste constituentsis also importantto determine the extent of safety concerns.

Work in progress to characterizethe ferrocyanidetank contents includes full waste-depth
core samplingand analysis. Additionally, infraredreflectance spectroscopy is being
developed for more rapid waste analyses for ferrocyanide/ferricyanideand other anticipated
key analytes. Note that tank characterizationwork is also underwayusing fiowsheet
simulants (see Section 5.4.5.2).

Initial core samplingefforts focused on the 241-C Farm ferrocyanidetanks because
flowsheet analysis and simulant testing indicate the In Farm scavenged waste is likely to be
much more reactive than other ferrocyanidewaste produced by the U Plant and T Plant
flowsheets. The 241-C Farm waste is also amenable to push-mode core sampling.

5.4.$.1 Ferrocyanide Tank Waste Sampling and Characterization. Importantmaterials
present in ferrocyanide waste consist of fuel (e.g., ferrocyanides, sulfides, and reduced
carbon species such as organic complexants), oxidants (e.g., nitrates and nitrites), and inerts
or diluents (e.g., water, phosphates, sulfates, carbonates, oxides, and hydroxides). The

. location of fission products, such as 137Csand 9°Sr, is important because these isotopes act as
heat sources that can raise and maintainthe temperature of the tankcontents and because
they are source terms if a radiological release occurs. The water content of the waste is

- importantbecause of its high heat capacity and heat of vaporization; water is also an
effective inerting material and prevents sustained combustion. Wet ferrocyanide material
(expected to have precipitatedin the tankswith 50 wt% or greater water) will neither react
nor propagate. This material would have to be dried by some undefined mechanism to reach
a conditionat which it could burnor propagate if heated to temperatures above 245 °C
(473 °F). Othermaterials (e.g., nickel, copper, lead, and rareearths) may be important as
potential catalysts, but have not been identified as such in a PNL screening (Scheele et al.
1993); refer to Section 5.5.5.1.
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Bothrotary-modecoresamplingandpush-modecoresamplingwillbeavailableinMarch
1994forobtainingcoresamplesfromtheWatchListtanks.Tankswithoutsaltcakeandwith
relativelysoRwastesolidscanbecoresampledbythepush-modemethod.Ifa hardsaitcake
layerispresent,rotary-modecoresamplingwillbeused.

Coresarenormallyfull-depth,takenin48-¢m(19-in.)segmentsstartingabovethetopofthe J,

expectedsolidslevelandworkingdown tothetankbottom.The specificationrequiresthat
thebottomsegmentbea full48-¢m(19-in.)coresegment.A sampleanalysistestplanis
preparedtospecifytheanalytesofconcernandwhatlaboratoryprocedureswillbeused.
Theplanalsospecifieshow thesegmentswillbehandledforanalysis(e.g.,whether
subsegmentsarepreparedforanalysis,how topreparematerialfromthesegmentwith
materialfromothersegmentstoformacorecomposite,andhow toblendandanalyze
materialforthesegmentanalysis).Thecoresamplesegmentsfromthefirstthree
ferrocyanidetankswereanalyzedby quarter-segment,i.e.,the48-cm(19-in.)segmentswere
separatedinto12-cm(4.75-in.)samplesforanalysistobesurethatanypeakferrocyanide
concentrationswerecaptured.TheDQO documents(Bucketal.1993,BabadandRedus
1994)requirethatfuturecoresamplesoftheferrocyanidesludgealsobeanalyzedby
quarter-segment.

The priorityforsamplingferrocyanidetankshasnow beenchangedtoreflecttheneedto
determinethereactivepropertiesofthecontents.InresponsetoDNFSB
Recommendation93-5(Conway1993)toexpeditesamplingandanalysesrequiredtoaddress
safetyissuesintheHanfordSiteWatchListtanks,theanalysisplansforfutureferrocyanide
tankcoresamples(andtheplansforotherWatchListtanks)havebeenrevised(DOE 1994).
The WatchListtankshavebeengivenpriorityforcoresamplingandthenumberofrequired
analyteswasreducedandrefocusedon safety-relatedproperties(BabadandRedus1994).

The sourceofferrocyanidematerialinbothofthe241-Cfarmtankssampledtodatewasthe
InFarm scavengingflowsheet.Thismaterialisexpectedtoyieldhigherferrocyanide
concentrationsthaneithertheU PlantorT Plantscavengingflowsheets.Theanalytical
resultsfromthesesamplesandtheirinterpretationwerereportedinSimpsonetal.1993aand
1993b,andintheapplicableDNFSB QuarterlyReports.To summarize,theresultsfor
samplesfrombothtanksshowedthat:(1)thewastematerialcontainsappreciablemoisture
(greaterthan19wt%*);(2)thefuelcontentissuchthatthewastewillnotsupporta
propagatingexothermicreactionevenwhen dry(themaximum measuredexothermforany

* One samplefromlank241-C-109showedonly19wt% moisture.Moisturevalues
fromthistank'scoresamplesrangedfrom19to58wt% forthethreecorestaken
(Simpsonetal.1993a).Resultsfromtank241-C-112samplesshowedmoisturecontents
from38 to64 wt% (Simpsonetal.1993b).Thesamplesfoundtocontainthelowest
moisturevalueswerealsofoundtobeverylowintotalcyanideandexhibitedendothermsor
onlysmallexothermsduringtestingforenergetics.Moisturedeterminationsforsamples
fromthetwotankswerecompletedmorethan30daysafterthecoresampleswereobtained
fromthetanks,andsomemoisturelossinthesampleswasexpected.
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sample or subsample was -12 cal/g, well below the level of concern limit of-115 cal/g); and
(3) although it appears that the bulk of the precipitated nickel ferrocyanide has degraded [the
calculated ferrocyanide contents, based on the analytical results, are only about 13 to 19% of

• the estimated original tank inventories], the 1_Cs is still retained in the solids. Thus, the
137Csmay still be present as NaCsNiFe(CN)_.

Three, four-segment cores were taken from tank 241-T-107. The analytical report has been
received and a data interpretation report is now being prepared. The most significant item
noted is that none of the core samples or subsamples exhibited an exotherm. This is the first
tank containing material from the U Plant scavenging flowsheet to be core sampled for the
Ferrocyanide Safety Program.

Two surface samples were taken by auger from tank 241-BY-104 in June 1992. These
samples from the saltcake overlying the ferrocyanide sludge were taken primarily to provide
information on the fuel value and energetics of the waste as input to the safety evaluation for
rotary-mode core sampling. The applicable analyses were reported in Neskas and Borsheim
(1993). Briefly, the results showed that propagating reactions could not be initiated in the
samples (maximum exotherm of -41 cal/g), and the total cyanide content was quite low
(-40-80 ppm) as expected. This surface crust contained i5 to 17 wt% water, and the
material was not rigid and crumbled easily. (The task to test the surface hardness of the
241-BY-I04 saltcake with a penetrometer was canceled when testing of the technique
indicated that it would yield only an order of magnitude approximation of the saltcake shear
strength).

Work was performed early in the Ferrocyanide Safety Program to use existing gamma scan
data from the available ferrocyanide tank LOWs to estimate 137Csconcentrations as a function
of waste elevation. An improved gamma detector was built and multiple scans were made in
each of the 12 tanks containing a LOW. The results were reported in Keele (1991) and
Keele et al. (1991), and no additional work has been performed to further enhance the
gamma scanning. The effort here has been concentrated on the LOW neutron scanning
reported in Section 5.1.5.3.

Development and design work began in July 1991 to demonstrate that rotary-mode core
sampling of saltcake waste tanks can be done without producing unacceptably high bit

. temperatures. No viable concept has been found to date to provide direct reading of the
rotary bit temperature. Therefore, a safety envelope was established by laboratory testing
with simulants under conditions controlled by operational procedures. Core sampling of

- ferrocyanide tanks that contain saltcake was deferred until the rotary-mode core sample truck
is available for field use. The schedule for its deployment has been established, and the first
tank (241-C-106, the high heat load tank, not a ferrocyanide tank) will be sampled in April-
May 1994, followed by tank 241-BY-I04 in June 1994. Operability test procedures began in
mid-August, but have been impacted by the Tank Farm Administrative Hold. Push-mode
core sampling was also suspended by the Administrative Hold, but it is also expected to
resume by April 1994 starting with tank 241-C-111.

i ill
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• Planned Work To Complete Program. Review of the 24 I-T-107 sample
analysis data will continue and a data interpretation report will be issued.

• Push-mode core sampling is expected to resume as work to resolve the poor
core-recovery issue is completed. Efforts to prepare the rotary-mode core
sample system for field use will continue. It is presently anticipated that push-
mode core sampling will resume in April 1994. Rotary-mode is expected to .
begin in April 1994, and all core sampling of Watch List tanks is scheduled to
be completed by the end of FY 1995.

• Milestone Status

- August 5, 1994. Complete interpretation of ferrocyanide
tank 24 l-T-107 analytical data and issue a report cleared for public
release. This milestone was deferred from September 1993 because of
delays in core sampling and laboratory data analysis. Poor core
recovery and difficulties with interpretation of the scattered data have
also delayed completion of this milestone.

- September 30, 1994. Two full-length push-mode core samples from
three additional ferrocyanide tanks were originally planned in FY 1993.
The following order for sampling in the tanks was planned:

, 241-C-III, -108, and 241-BX-102. Problems with poor sample
recovery and the Tank Farm Administrative Hold have delayed
completion of this milestone until FY 1994, and only two tanks
(24 I-C- 111 and -108) will be sampled by push-mode. Tank 24 I-BX-
102 is one of two tanks expected to be removed from the Watch List
(Alumkal 1993).

- September 30, 1994. Secure rotary-core samples from
three ferrocyanide tanks (241-BY-104, -106, and -I05).

- March 31, 1995. Complete data interpretation reports, available for
public release, for five ferrocyanide tanks (241-C-111, -C-I08,
241-BY-I04, -BY-106, -BY-105). Completion of the reports for the
C Farm ferrocyanide tanks should allow WHC to recommend that the
Ferrocyanide Safety Issue be resolved for the four C Farm tanks.

- August 31, 1995. Recommend to DOE that the Ferrocyanide Safety
Issue is resolved for the four C harm tanks.

- September 30, 1995. Obtain core samples from the remaining
ferrocyanide tanks.
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- February 29, 1996. Receive DOE approvalthat the safety issue is
resolved for the four C Farm ferrocyanide tanksand these tanks can be
removed from the Watch List.

i

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

- January 31, 1997. Recommend to DOE thatthe safety issue is
resolved for the remaining ferrocyanidetanks.

- September 30, 1997. Receive DOE approval that the Ferrocyanide
Safety Issue is resolved for the remaining ferrocyanide tanks and these
tankscan be removed from the Watch List.

5.4.5.2 Simulated Ferrocyanide Waste Preparation and Characterization. Ferrocyanide
waste simulantshave been and continue to be preparedand analyzed to determine their
composition, physical properties,and chemical reactionproperties. These simulants
conservatively represent the ferrocyanidewaste originally placed in the ferrocyanidetanks.
The analytical results from these simulants, along with analyses of actual tank waste samples,
waste tank monitoring, and waste modeling, provide information to characterizewith
assurance any safety concerns of the sludge in each of the ferrocyanide tanks. Theresults
are providing a technical basis for: (1) safety measurestaken; (2) decisions on appropriate
actions leading to closure of the FerrocyanideUSQ; and (3) resolving the Ferrocyanide
Safety Issue.

Five waste simulants (without radioactive species) are used to representthe variety of waste
produced in the mid-1950s and stored in SSTs. The waste produced at the Hanford U Plant
is represented by U Plant 1 and U Plant 2 test mixtures. The U Plant I waste simulant
represents 41 of 59 batches and the U Plant 2 simulant represents9 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 have a ferrocyanideconcentration between that of U Plant 1
and U Plant 2. A test mixture representing these batches will not be preparedand tested.
In Farm flowsheet waste (stored in four C Farm tanks) is representedby the In Farm 1 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 Farmbatches processed in
the 1950s. In Farm2 is representative of 11 intermediate ferrocyanide concentration batches

- of the 29 In Farm batches. An average size In Farm batch was approximately 1,500,000 L
(400,000 gai). It should be noted that six of the 29 In Farm scavenging batches did not
contain any ferrocyanide, but sodium sulfide was added to enhance precipitation of 6°Co.

A T Plant simulant was preparedfor testing to represent the six T Plant batches produced.
An average-sized T Plant batch was 2,098,000 L (554,000 gal). The T Plant ferrocyanide
sludge is stored in three TY Farm tanks.
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Three main departures from the actual processes used in the 1950s were made in the
laboratory scavenging preparation method to produce the ferrocyanide waste simulants.
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 or being prepared for characterization
do not contain the radioactive isotopes present in actual waste, because of the difficulty in
working with radioactive materials; and (3) the settled waste simulants from the laboratory
scavenging process were centrifuged at a force of approximately 2,000 g to mimic an
equivalent 3D-gravity-year settling period.

A report documenting the analyses and characterization of the U Plant and In Farm simulants
was issued in lanuary 1993 (Jeppson and Wong 1993). The T Plant simulant fractions and
supernatant prepared have also been analyzed for chemical composition, chemical reactivity
(Fauske 1993), and physical properties. A report on the chemical and physical properties is
now being prepared. The results indicate that the T Plant bottom fraction contains little fuel
and the dried top fraction simulant contains --9 wt% disodium mononickel ferrocyanide and
excess nitrate/nitrite. The fuel in the T Plant simulant is much less concentrated than the

In Farm simulants. The cesium content of the supernatant was less than 0.1 ppm.

The X-ray diffraction analysis of the T Plant simulant fractions indicated that iron
ferrocyanide Fe4_e(CN)d3 was the only identifiable crystalline i thespec es in top fraction
and bismuth phosphate was the only identifiable crystalline species in the bottom fraction.

Moisture retention and movement within the ferrocyanide waste and overlaying saltcakes in
waste tanks are important to the demonstration of safe storage conditions within the tanks.
Studies are presently underway to model (Section 5.1.5.3) and test these water migration
characteristics with simulated tank waste. Laboratory work includes measurement of
hydraulic conductivity for saturated and unsaturated flow conditions, measurement of air
entry pressures and determination of water retention at various drainage pressures. These
parameters are then used to model water drainage at tank conditions. The modeling and
testing will be expanded to include moisture loss from the waste surface by evaporation as a
function of relative humidity. Initial parameters will be determined by waste simulants, and
later by tank waste samples when the test methods are verified. However, it may not be
possible to measure all needed parameters (such as hydraulic conductivity) on the actual
waste samples as recovered. This task will evaluate use of related data and correlations to
provide the best estimates for the needed parameters.

Several tests are continuing to determine the amount of moisture remaining in the simulants
for free-flowing drainage, such as a tank leak or saltwell pumping of liquids for tank
stabilization. A free-flowing liquid drainage test using In Farm 2 top fraction simulant a;
one atmosphere pressure has been underway for over 20 months. The initial water content
of the simulant was 53 wt%. Calculations from the measured liquid drained to date indicate
that the remaining material still has a water content of about 48 wt%. Liquid is continuing
to drain slowly from this material, but the curve has started to flatten out. Some
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consolidationof the sludge has been observed. Other smaller tests are continuing at various
hydraulicpressures in hopes of reaching equilibriumconditions more quickly.

• A vented scoping centrifugationtest conductedon In Farm 2 slmulantat 10 gravities
centrifugal force with frittedporous media (30/,m-sized openings) resulted in a _al water
content of 47 wt_. An additional vented test conducted at 20 gravities indicated an endt

point of 46 wt% water. This identifies a final water content that is well above the 12 wt%
minimumwater content requiredto prevent propagationof the most concentrated
ferrocyanide simulant(Fauske 1992). Results to date show the ferrocyanide sludge drains
slowly even under increasedhydraulic pressureor centrifugation.

• Planned Work to Complete Program. A ferrocyantdewaste slmulant based
on characterizadonof actual tankwaste samples will be prepared, analyzed,
and tested. Simulantdrainage and centrifugationtests will continue. The
effects of relative humidity in air on the loss and absorptionof moisture by the
waste will be evaluated undersurface-to-volumeratios representative of the
SSTs.

A report, available for pubfic release, will be preparedand issued on the three
methods used for drying the ferrocyanidewaste simulants. This evaluation
was completed in FY 1993 (Cash et al. 1993) to determine how well each
method measured the amount of bound water still present in the ferrocyanide
sludge matrix. Temperatures in the range of 160 to 190 °C (320 to 374 OF)
are requiredbefore boundwater begins to come off a heated sample. The
three methods included: (I) heating to 120 oC (248 OF)in air at atmospheric
pressure for 18 hr; (2) heating to 105 °C (221 OF)in air at atmospheric
pressure for 24 hr; and (3) heating to 60 oC (140 °F) under vacuum at 35 mm
mercury absolute for 24 hr.

• Milestone Status

- March 31, 1994. Issue a report, available for public release, on the
evaluation of the three waste simulantdrying methods.

. - May 31, 1994. Issue a report, available for public release, on the
chemical and physical propertiesof the T Plant ferrocyanide waste
simulant.

- September 30, 1994. Complete drainage tests on ferrocyanidewaste
simulantsand issue a report, available for public release, on modeling
and moisture retentionby ferrocyanidesludge.

- September 30, 1994. Issue a report, available for public release, on
the effects of relative humidityon moisture retention in ferrocyanide
waste.
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- September 30, 1995. Complete waste simulant studies and issue a
final _rt, available for public release.

$.4.$.3 Waste Analysis Usins Infrared S_opy. The objective of this activity is to
develop and demonstrate Fourier TransformInfrared(FTIR) spectroscopy as a qualitative
and quantitative method for measuringkey analytes in ferrocyanide tank waste, immediate
application includes scanning of core samples shortly after they are extruded from the core
sampling apparatusin a hot cell. The method also has applicationto waste samples that have
been treated with a _ial solution to dissolve all solids. Later, application to in situ tank
measurementsmay be possible. Techniques for remote sensing via optical fibers in a
laboratoryhood or hot cell are being pursuedas prime means of remote measurement.
Analytes of interest include ferrocyanide, ferricyanide,cyanide, water, sulfate, nitrate,
nitrite, phosphate, aluminateand organic compounds such as ethylenediaminetetmaceticacid
(EDTA) and hydroxyethylenediaminetriaceticacid (HEDTA). Raman spectroscopy which
was partially funded by the FerrocyanideSafety Programin previous years is now under the
direction of the CharacterizationProgramat Hanford;fundinS is no lonser provided by the
FerrocyanideSafety Program. Prosress on the Raman program is reportedin
Crawfordet all. (1993). Two hot cell campaignswere completed with actual waste tank
materials. Data were obtained that demonstratesthe potential for a hot cell Raman
spectroscopy system; ferrocyanidesensitivity was less than expected but other analytes were
readily identified.

Infraredspectroscopy is a promising technology for determiningthe chemical makeup of
various materials. Its application to tank waste sludges has been proposed as a means of
rapidly determining the chemical composition of the waste directly or aftera sample is put
into solution. PNL has developed two solution (wet) methods for future applicationin a hot
cell based on FTIR spectroscopy and ion chromatography(IC) (Bryan et al. 1993). Their
procedures, with applicablehardware,will be implementedand used to analyze core sample
material from various ferrocyanidetanks. The PNL task includes the initial training and
supervisionof analysts performing analyses of waste samples and ultimately transferring
validated procedures to the PNL and WHC laboratories.

Direct FTIR spectroscopy without using wet methods is being developed at the WHC
Ianalytical aboratones, concentratingon those analytes importantto the Perrocyanide Safety

Program. However, it is recognized that the spectroscopy of solids only interrogates the
surface layer of the solids. Infraredspectraldata will be generated using near-infraredfiber
optic probes and light guides and beam directing modules in a noncontactconfiguration. The
system will be calibrated using known standards,and system performance of the two light
conduits will be compared. The most promising system will be installed and tested in a hot
cell with the objective of validating the method for routineuse in analyzing ferrocyanide and
other waste tank samples in a hot cell.

Infrared,particularly near-infrared,is very sensitive to moisture. The SavannahRiver Site
(SRS) laboratory has fabricated a moisture analyzer that will also be tested and validated as
partof this activity using simulatedand actual tank waste.

i i
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, Ptsnned Work to Complete Program. This activity is a continuationof work
started in FY 1993 by the CharacterizationProgram. The Ramanspectroscopy
development work was transferredto the CharacterizationProgram startingin

. FY 1994, and the FFIR spectroscopyprogram, which is more sensitive and
has direct applicationto ferrocyanidewaste, is now partiallysupportedby the

• FerrocyanideSafety Program. The bettermethod for light transmission, fiber
optics or fight guides and beam directing modules, will be determinedby
evaluating both techniques. As quickly as possible, the fiber optic probe or
the diffuse reflectance sampler and associated light pipe will be tested inside a
hood and then a hot cell with simulant waste and actual tank waste. Spectral
datawill be collected with known standardsand compared against the
simulants and real waste. Once validated, operating procedures will be
certified and transfer of operations to the analytical laboratoriesat WHC and
PNL will be effected.

A similar approach will be takenwith the SRS moisture analyzer to determine
its capabilities and sensitivities to water in standardsamples, simulants, and
actual tank waste. If validated, the unit would be applied to routine moisture
analysis of ferrocyanide(and other) waste samples in hot cells at PIqLand
WHC.

, Milestone Status

- September 30, 1993. Transmita report, cleared for public release, on
development and deploymentof Raman spectroscopy to analyze actual
waste in a hot cell. A reportwas preparedin September and issued as
a cleared document in December 1993 (Crawfordet al. 1993).

- September 30, 1994. Complete hot cell demonstrationof FTIR
spectroscopyfor key ferrocyanidewaste analytes, including water, and
issue a cleared report of FY 1994 test results.

- September 30, 1995: Complete development of solids speciation
methods using FTTRand validation of techniquesand procedures for
routineapplication in the WHC and PNL analytical laboratories. Issue
a final report, cleared for public release, on this task's activities.

e

5.5 CHEMICAL REACTION STUDIES

5.5.1 Back4P'ound

Chemical reactioncharacteristicsof the broadspectra of ferrocyanidewaste stored in
Hanford Site undergroundtanks are needed to assess the GAO postulation (Peach 1990).
The GAO concluded that the source term from a ferrocyanide accident scenario involving a
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temperatureexcursion or explosion could result in consequences greater than those described
in the HI)W-HIS(DOE 1987). The lack of data on the chemical properties of the actual
ferrocyanidewaste was the basis for DNPSB Recommendation 90-7.5, which follows:

i*

"7_e schedule for the program on study of the chemical properties and explosive
behavior of the waste in these tanks is indefinite and does not reflect the urgent need
for a comprehensive and definitive assessment of the probability of a violent chemical
reaction. The study should be extendedto other metallic compounds of fe_anide
that are known or believed to be present tn the tanks, so that conclusions can be
generalized as to the range of temperature and other properties needed for a rapid
chemical reaction with sodium nitrate."

Coresamplingandanalysesofwastefromtheferrocyanidetanksarebeingpursuedina safe
mannerandona high-prioritybasis(SeealsoSection5.4).

The schedulefordeterminingthechemicalpropertiesandpotentialexplosivebehaviorof
ferrocyanide waste was changed to reduce the time for evaluating the FerrocyanideUSQ.
Initialefforts were directed towardcharacterizationof dicesium mononickel ferrocyanide
[Cs._NiFe(CN)_](Cady and Scheele 1992). However, since early 1991, chemical reaction
studies have focused mainly on disodium mononickel ferrocyanide [N_NiFe(CN)J (because
that is the major ferrocyanideprecipitate), on actual waste tank samples, and on five
simulated Compositionsof flowsheet variations used in the 1950's to produce the waste.
Additional studies were made or begun to: (1) determine the chemical form of the cyanide
compounds in the waste at the present time; (2) determinereaction mechanisms and kinetics;
(3) determine the effects of other fuels present in the waste, such as sulfides and organics;
(4) determine the effects of possible catalysts and initiators, water, and other diluents on the
behavior of the waste; and (5) identify the effects of increasing the ferrocyanide reaction
mass. Studies also have been initiated to determine the temperaturesat which various
reactions beg_n with respect to gas release, heat release, and propagation, and rates for dry
and moist fe,"rocyanidesludges.

Information for these studies is gathered from historical data, laboratory studies on
ferrocyanide slmulantsproducedby the three flowsheets used during the 1950s, and actual
waste samples as they become available from the tanks. These waste studies, along with
modeling studies, tank waste temperatures,and moisturedeterminations, support the
preparationof safety documentationfor core samplingand tank farm operations. The
informationwas also used to support closure of the FerrocyanideUSQ (Postma et al. 1994).

5.5.2 Evaluation _f Issue

Atprese/U,thereare18HanfordSitewastestoragetanks(BorsheimandSimpson1991)that
may containatleast1,000g-moles(465Ib)offerrocyanidemixedwithsodium
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nitrate/sodium nitrite. Many of these tanks have been saltweU pumped to remove most of the
drainable liquid, but none have exhibited signs of increasing temperature, much less
propagating reactions.

Laboratory tests have demonstrated that near-stoichiometric mixtures of concentrated
• (undiluted) sodium nickel ferrocyanide and nitrate/nitrite chemicals, when dry, exhibit

exothermicbehaviorthatstartstoreleaseheatattemperatures. aslow as220 to240 °C
(428 to 465 °F). Waste studies ad_g DNFSB Recommendation 90-7.5 are being
conducted to determine: (I) the quantities of water and other diluents expected in the
ferrocyanide waste; (2) actual species of cyanide present; and (3) effects of solid diluents,
water, additional fuel sources (e.g., sodium acetate, other organics, and sulfides), and the
presence of possible catalysts on waste reactivity.

The bulk (about 66%) of the ferrocyanide sludges placed into the Hanford Site waste storage
tanks was produced by the U Plant flowsheet process. Simulated sludges produced from this
flowsheet have shown no propagating tendencies even when dried and heated above 400 °C
(752 °F). Propagation testing of 70 g of the more concentrated (and dried) U Plant slmulant
(U Plant 2, bottom fraction) with external heating to approximately 270 °C (518 °F) showed
sufficient reaction to raise the sample temperature to 620 °C (1148 °F) (Fauske 1992).
Although self heating at temperatures above about 280 °C (536 °F), the mixture will not
propagate. The potential for aerosol generation from heating of this material is very low.

About 26% of the ferrocyanide sludge stored in the Hanford Site waste storage tanks was
produced by the In Farm flowsheet. The In-Farm sludge slmulant (preparation included
centrifuging at approximately 2000 g for an equivalent 30 gravity-years settling time) did not
propagate when the moisture content was 12 wt% or greater (Fauske 1992). Centrifuged
In=Farm sludge simulant has a free* water content of about 50 wt%. Dry (0 wt% free
water) In-Farm sludge exhibits propagation rates up to I0 cm/min starting at about 245 to
250 °C (473 to 482 °F) when external heat is applied. Reaction temperatures up to 1200 °C
(2192 °F) can be produced. These tests show the importance of water in preventing
ferrocyanide reactions and ensuring that the ferrocyanide waste is stored safely. The
ferrocyanide sludges in the tanks are all believed to contain appreciable amounts of water.

The T Plant simulant was tested in FY 1993 (Fauske 1993). Chemical analyses were
. completed in December. 1993, and physical analyses will be completed by the end of March

1994. The concentration of ferrocyanide was found to be slightly higher than the U Plant 2
concentration, but much lower than that in the In Farm I simulant. Fauske and Associates

• conducted adiabatic calorimetry tests on the T Plant slmulant and found that it too would not
propagate even when dry. The T Plant flowsheet accounts for about 8% of the total
ferrocyanide waste added to the tanks.

*Freewateriswaterremovedby vacuum dryingasopposedto"bound"waterthat
remains after vacuum drying at 60 °C (140 °F) for 24 hr. See Glossary on page vii.
, ill i / iL i
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Effects of catalysts, initiators, and other fuels have been studied by PNL (Scheele et al.
1993). None of the candidate materialstested had a significant effect on lowering the
initiationtemperatureexcept when milligramquantitiesof the material were exposed to high
temperatures (> 300 °C [572 °F]) to measure changes in the time to explosion. The
presence of possible catalysts in the waste is not considered a safety issue for the
ferrocyanidetanks. Diluent effects are very pronounced as seen with tests using non-
stoichiometricamounts of fuel or oxidizer. Excess material, including water and non-
reacting solids, diminishthe energy release because these materials must be heated as well to
the temperature experienced by the reactants. Experiments at FAI and PNL have shown this
dramaticeffect very clearly.

Compositions of actual waste samples must continue to be determined under present storage
conditionsand be compared to simulant behaviorsto provide a firm basis for waste
modeling.

5.5.3 Baseline Assumptions

• The waste in each tank or groups of similar tanks must be
evaluated/characterizedindependently.

• Complete Characterizationof the waste by extensive core sampling of the waste
in each tank is impractical.

• Adequatewaste characterizationcan be done by limited core sampling using
the DQO process for the Ferrocyanide Safety Issue (Buck et al. 1993), and by
dataacquh'ed from tank monitoring, modeling, historical records, and simulant
studies.

• One of the following conditions must be established to ensure safety (see
Postma et al. 1994).

- the concentration of fuel in the waste must be below 8 wt% sodium
nickel ferrocyanide[Na2NiFe(CN)6]on an energy equivalentbasis,
calculated on a dry basis. This ensures that the waste is in the SAFE
category; see also Section 4.3.

- If the concentrationof fuel is greater than 8 wt% equivalent sodium
nickel ferrocyanide, thex_the free water content of the waste must vary
linearly from 0 at 8 wt% _el up to 24 wt% for 26 wt% fuel. This
ensures that the waste is in the CONDITIONALLYSAFE category
(Section 4.3).

m
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5.5.4 Method to Close Recommendation 90-7.5

The method of closure for this recommendation is to determine, through ferrocyanide
- simulant testing and actual waste testing and analysis, the reactive properties for the range of

ferrocyanide waste concentrations in the Hartford Site tanks and to validate the criteria for
. safe storage. Ferrocyanide sludges in the tanks were produced by three different flowsheets,

resulting in variations in chemical compositions. The extent of sludge mixing and changes
caused by later additions of waste on top of ferrocyanide sludges is being studied. The
present form and quantity of ferrocyanide in the tanks is being determined as core samples
become available. Extrapolations to unsampled tanks are also being made. The moisture
content of the sludge is an important parameter that dramatically affects the reactivity of the
ferrocyanide; therefore the water content of the waste must be measured and possibly
monitored in situ on a frequent basis in the tanks. The simulant having the greatest
ferrocyanide concentration (In-Farm I) also contains excess oxidant, and has been shown not
to react when exposed to an intense ignition source as long as the moisture content is greater
than 12 wt% (Fauske 1992). When completely dry, this simulant has been shown not to
deflagrate, but does propagate at a rate of 5 to I0 cm (2 to 4 in.) per minute. It is unlikely
that any ferrocyanide waste exists in the tanks with a moisture content of less than 15 wt%
(or much higher in most cases). In-Farm sludge centrifuged at approximately 2000 g for an
equivalent 30 gravity-years settling time has a moisture content of about 50 wt%. Other tests
are also underway or have been completed that show water is retained in rite waste simulants
at values greater than 40 wt% (Sections 5.1.5.3 and 5.4.5.2). Moisture analysis of
ferrocyanide core samples analyzed to date also show high moisture numbers (Simpson et al.
1993a, 1993b). See also Section 5.4.5.1).

5.5.5 Action Plan

Ferrocyanide waste studies are underway, as described below, to accomplish the following.

I. Characterize the various types of ferrocyanide waste added to the tanks, using
the five flowsheet simulants and real waste samples as they become available,
to determine their potential reactive properties (energy content per unit mass
and the kinetics of reactions).

2. Identify changes to tt,e waste forms (from oxidation, reduction, hydrolysis,
and/or radiolysis) that may have occurred during in-tank storage over the last

- three plus decades, including potential effects on the waste reactivity.
¢

3. Identify changes to the waste forms that may have occ, lrred from exposure to
other waste forms added to the tanks either before or after the ferrocyanide
waste additions (e.g., high-pH, waste from decladding operations and
evaporator bottoms were added to many of the ferrocyanide tanks after the
1950s). This may have affected the ferrocyanide waste and, thus, changed the
waste reactivity.

t i itu
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4. Determine the effects of other waste materials added to the tanks, such as
organic complexants, on ferrocyanidewaste reactivity (e.g., some waste
constituentsmay act as initiators or as additional fuel, or as diluent material).

a

5. Perform safety evaluations and recommendcourses of action (See
Section 4.3.).

Information for these studies is gathered from historical data, laboratory studies on
ferrocyanidesimulants produced by the three flowsheets (and their variations) used during the
1950's, and actual waste samples (as they become available from the tanks). These waste
studies, along with modeling studies and measurementsof tank waste temperatures, moisture,
cesium content, and flammable gas have supportedthe preparationof safety documentation
for core sampling, tank farm operations, closure of the Ferrocyanide USQ, and ultimately for
resolution of the Ferrocyanide Safety Issue.

Chemical reaction studies on ferrocyanidewaste simulantshave been, and in some cases are
still being, conductedby WHC, FAI, PNL, LANL, and Washington State University
(WSU). Westinghouse Hanford and PNL have produced flowsheet simulant materials for
testing and characterization. PNL also administered the subcontractwith LANL, completed
in FY 1993. In FY 1992, LANL completed chemical reaction sensitivity tests on
ferrocyanidewaste simulants to identify what stimuli (emphasizing non'thermal) may cause a
reaction to occur (Cady 1993). FAI is Conductingadiabatic calorimetry and propagationtests
on these same replicated flowsheet materials. The FAI scope of work was expanded in
FY 1993 to include selected aerosol studies and special studies for modeling of potential hot
spots and tank waste theology. WSU completed real time x-ray diffraction studies with
stoichicme_--'icmixtures of sodium nickel ferrocyanide with sodium nitrate/nitriteheatedto
reaction temperaturesand above (Dodds and Thomson 1993).

5.5.5.1 Chemical Reaction Studies at Pacific Northwest Laboratory

Chemical reaction studies are continuingat PNL using flowsheet simulant materials. Waste
studies addressing DNFSB Recommendation 90-7.5 are being conducted to determine:
(1) the aging effects (hydrolysisand radiolysis) from more than 35 years of storage in the
tanks; (2) the speciation of cyanides found in the actual tank waste; (3) the influence of
chemical interactions and physical changes on the solubility of sodium and cesium nickel
ferrocyanides; (4) possible mechanismsthat may have allowed mixing of the ferrocyanide
sludge with caustic solutions added to the tanks at a later time; and (5) comparisons of
simulated waste with actual ferrocyanide waste.

Aging Studies. A series of hydrolysis screening studies were conducted with dried
In Farm I ferrocyanideflowsheet simulant. A reportreviewing progress in FY 1993 on
demonstratingthe concept of waste aging has been issued, Ferrocyanide Safety Project:
Task 3 Ferrocyanide Aging Studies FY 1993 Annual Report (Lilga et al. 1993).

,ill ml m m
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Hydrolysis of ferrocyanide can occur by dissociation of cyanide ion from the ferrocyanide
anion:

" Fe(C_ + I-I20 _ Fe(CN)s(I-I20)3"+ CN"

CN" + 2 H20 ' NH3 + I-ICO2"

Samplesof the In Farm simulant were contacted with 4 M NaOH [which removes nickel
from sodium nickel ferrocyanideas insoluble nickel hydroxide, Ni(OI-I)_,and produces
soluble ferrocyanideas Na_Fe(CN6)]for three weeks at 90 °C (194 °F) in a field of 1.43 x
10s Pad/hour. An identical reaction mixture was heated to 90 °C outside the gamma
irradiationsource as a control. The final reaction solutions were analyzed for ammonia
using a solution ammonia selective electrode technique. The analytical data indicate that the
radiationfield inc_ the ammonia concentration in solutionby nearly an order of
magnitude. These results strongly suggest that gamma radiationpromotes the hydrolysis of
ferrocyanide,possibly by facilitating the dissociation of cyanide from the ferrocyanide
complex. Additional tests are underwayat a pH of 10, where dissolution of the sodium
nickel ferrocyanidedoes not occur, to see how fast hydrolysis occurs in a radiation field.
This environment may be more typical for tanks that did not receive evaporatorbottoms
waste.

•Cyanide Speciation. Cyanide Speciation Studies - FY 1993 Annual Report, a report
summarizingthe progress on cyanide speciation was issued at the end of FY 1993
(Bryan et al. 1993). Two solution techniqueswere developed as analytical methods. These
methods are based on Fourier Transform infrared (VI'IR) spectroscopy and ion
chromatography(IC) analytical techniques. Both methods are able to quantify cyanide
species at a concentrationdown to 0.1 wt%.

The effect of potential interferenceson the speciationanalyses by other constituentspresent
in the dissolved ferrocyanide waste is under investigation. Tests already concluded have
shown that cyanide speciation is insensitive to inorganic constituents, including nitrate,
carbonate,hydroxide, and phosphate.

The effect of organic constituents, which could be present in ferrocyanide waste, are also
. being investigated for their potential interferences on the cyanide species analyses. The

presence of various organic species had no appreciableeffect on the measured concentration
of ferrocyanide. However, if ferricyanide is present, several organic constituents may have a

- majoreffect on the measured concentrationof ferricyanide. Ferricyanide has not been
detected in actual tank waste samples. When purposelyadded to the simulants, ferricyanide
was found to degrade to ferrocyanidebecause of iron or other chemicals also present.

Organic compounds that showed dramaticferricyanide-to-ferrocyanideconversion
[nitrilotriaceticacid, HEDTA, EDTA, iminodiacetic acid, glycine, and ethylenediamine] all
containorganic amine functionalitieswithin their molecular structure. Several of the
non-amine complexes also showed some ferricyanide to ferrocyanide conversion. They

I
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included sodium oxalate, sodium glycolate, and n-butanol. Even though these conversion
rates are relatively slow when compared to the amine based conversion, ample time has
passed during waste storage for the reduction of ferricyanide to ferrocyanide to occur. It
should be noted that there has been no indication that ferricyanidewas ever present in the
scavenging precipitateor in waste samples analyzed to date. Reactivity tests conducted with
ferricyanideshow no significant difference from those conducted with ferrocyanide.

Sodium and Cesium Nickel Ferroeyanide Solubilities Studies. The behavior of
sodium-cesium nickel ferrocyanide compoundsin caustic waste solutions is being examined
in FY 1994, because cesium present in precipitated nickel ferrocyanide has been found to
remain insoluble after exposure to strong caustic (OH"_ 4 hi) solutions. Phenomena being
studied include aqueous interaction and ion-association parametersof hydroxide, sodium,
cesium, and nickel with ferrocyanide. The solubility product for sodium-cesium nickel
ferrocyanide compounds is also being determined.

A separate study is investigating cesium uptake/retentioncapabilities of the
ferrocyanide-sludgematrix. At issue is whether heat-producing t3VCscan concentratein
regions within the waste undertank conditions. Cesium solubility/uptakework is scheduled
for completion in FY 1995.

Microconvection Modeling. Microconvection is the term being applied to mixing at the
solids/liquid interface (and within the waste) of the 22.9-m (75-ft)-diameter, non-agitated
waste tanks. Ferrocyanide Safety Program: Computational Analysis of Fluid Flow and
Zonal Deposition in Ferrocyanide Single-SheU Tanks, a reporton microconvection modeling
was issued at the end of FY 1993 (McGrail et al. 1993). Computer simulationspredicted
that microconvective mixing could occur in ferrocyanide tanks because of fluid density
gradients and/or thermal gradients.

A stability analysis was performed for a dense fluid layer overlying a porous medium
saturatedby a less dense fluid. Given several assumptions, it was found that the
configuration is unconditionallyunstable and independentof the propertiesof the porous
medium or the magnitudeof the fluid density difference, as long as the density difference
was not zero. It was shown that finger-like convection will always occur in the system under
consideration. If this configuration occurred in the tanks, the fluid contents would tend to
mix. Maximum velocity estimates for the finger-like convection are approximately
3 m/yr for sludge with 50% porosity. Thermal convective mixing was predicted to be much
slower, about 10.5to 10.2 m/yr.

The effects of diffusion and fluid convection on redistributionOf t37Cswere also evaluated.
The report concluded that diffusion and fluid convection could not result in a hot spot of
concern. The maximum concentrationfactor predictedby the model for 137Cswas 10 times
the average tank concentration. The predicted maxinium local temperature rise because of a
concentratedzone of this magnitudewould be about 5 °C (41 °F).
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The microconvection modeling work will continue in FY 1994 and be completed by
September30, 1994. In FY 1994, the single solute model developed in FY 1993 will be
extended to include a complete aqueous speciation and dissolution/precipitationchemical

- mode,} _e transportmodel will also be extended to supportmultiple chemical species. It is
anticip_w,dthat the chemical model will be based on a free energy minimization algorithm to

. compute the equilibrium distributionof aqueous species and dissolution/precipitation of solid
phases.

Comparison of Simulated and Actual Ferrocyanide Waste. A task comparing measured
physical and chemical propertiesof ferrocyanidewaste simulants with actual waste tank
sample propertieswas begun in FY 1994. These comparisonswill facilitate design and
verification of analytical models involving waste aging, energetics, water retention, and
microconvection. Among the parametersto be comparedare theological properties, thermal
properties, nickel content, and diluent (i.e., nonreactive material) concentrdtions.
Measurementsof some parameterson actual waste samples will require development of hot
cell deployable analytical techniques. This task will be completed in FY 1995.

Simulations will be run on a hypothetical waste tank using thermodynamic data from
ferrocyanideaging and solubility studies currentlyin progress. Mass balance calculations
will be done to predict total amountsof sodium nickel ferrocyanide that could be dissolved
given a range of physical properties for the waste and buoyancy-driven fluid convection.

• Planned Work To Complete Program.

The radiolysis and hydrolysis experiments will be continued Using the most
reactive ferrocyanideflowsheet simulant(In Farm 1). Temperatureand pH
will be evaluated duringgamma pit radiolysis experiments to determinerates
of hydrolysis underprojectedtank waste conditions as they existed for the
years immediately after ferrocyanide waste scavenging. This tank activity is
expected to be completed in FY 1995.

Cesium solubility experiments will be conducted to determine solubility
products for various sodium-cesiumnickel ferrocyanidecompounds. The
ability of the ferrocyanide sludge matrixto retain/exchangecesium will be

. determined. These studies will be completed in FY 1995.

Cyanide speciation analytical methods development, including IC methods and
• solution IR methods, will continue until the validated techniques and

procedures can be routinely applied to samples in the analytical laboratoriesat
both PNL and WHC. The studies will include the determination of
interferencesand corrections or work-aroundsthat may be encountered in
developing analytical methods for actual waste samples. Completion of this
phase is expected by the end of FY 1994. Work will also continue at _t-IC
on solids speciation methods using FTIR and possibly Raman spectroscopy.
These methods will be explored furtherusing ferrocyanide waste simulants and

i ii ,,,
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actual waste samples. If sensitivity and accuracy of the techniques are deemed
acceptable, the methods _,ill be adaptedfor routine analysis in the PNL and
WHC analytical laboratories. This activity is scheduled for completion in .
FY 1995.

Microconvectionmodelingstudieshavebeenexpandedandinformationthat
containskeyphysicalandchemicalpropertiesofwasteasdescribedabovefor
FY 1994 will be assembled. This task is expected to be completed by
September 30, 1994.

Comparisonsof physical and chemical propertiesof ferrocyanide waste
simulantsand actual tank waste samples will be made. Information gained
from these comparisonswill be used to improvewaste aging, water retention,
and microconvection analytical models. The comparison studies will be
completed in FY 1995.

• Milestone Status

- September 30, 1994. Issue the final PNL report, cleared for public
release, on FY-1994 hydrolysis and radiolysis aging experiments with
ferrecyanide waste materials.

- September 30, 1994. Issue the final PNL report, cleared for public
release, on solution )1t and IC cyanoferratespeciation activities and
application for routine measurementsin the analytical laboratory.

- September 30, 1994. Issue a publicly available progress reporton
FY 1994 work on the solubility of sodium-cesium nickel ferrocyanide
compounds, with recommendationson future work for FY 1995.

- September 30, 1994. Issue a final PNL report, cleared for public
release, on microconvection modeling and the effects projected to have
occurred in the tank waste from this phenomenonduring the years of
storage.

- September 30, 1994. Issue a final PNL report, available for public
release, on results of c_sium uptake studies.

,

- September 30, 1994. Issue a progress report, available to the public,
on FY 1994 studies _mparing chemical and physical parametersof
ferrocyanide waste simulants with actual waste samples. The report
will include recommendationson futurework for FY 1995.
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- September 30, 1995. Issue the final PNL report, available for public
release, int ;grating all FerrocyanideSafety Programhydrolysis and
radiolysis ak'ingactivities.

- September 30, i_$. Issue a final report, available to the public, on
. the solubility of sodium-cesiumnickel ferrocyanide compoundsunder

waste tank conditions.

- September 30, 199S. Issue a final report, available to the public, on
studies comparingchemical and physical parameters of ferrocyanide
waste simulants with actual tank waste samples.

5.5.5.2 Ferrocyanide Adiabatic Calorimetry and Propagation Studies

l=errocyanideadiabatic calorimetry and propagationtests are continuing at FAI under contract
to WHC. The results of these tests are being used to help determine if Hanford Site
ferrocyanidewaste could ignite and burn to spreadand involve additional waste from a
potential ignition point, and to determine the potential for release of radioactive species under
various postulatedaccident scenarios. Tests are being conducted with dried and partially
dried simulant to evaluate safety consequences associated with reactions of various
concentrationsof ferrocyanide. The propagationvelocity and reaction temperaturesare key
parametersin determiningthe safety consequencesof postulatedburns, including a potential
release of radioactivity from tank confinement.

Because the composition of the waste in the storage tanks may vary and is not known at all
locations, ranges of materialcompositions are being tested. Present work is focused on the
T Plant and the most reactiveIn Farm 1 simulants. Sludge produced by the In Farm
flowsheet was placed in four C Farm tanksand representsabout 26 % of the total
ferrocyanide used in the Hanford scavenging processes. Sludge produced by the T Plant
flowsheet was placed in three TY Farm tanks and representsabout 8% of the total
ferrocyanide used. Adiabatic calorimeter tests have also been initiated to determine the
experimental line that separatespropagating from non-propagatingferrocyanide mixturesas
shown in the triangulardiagram, Figure 5-2. Two series of tests are being conducted: one

. series to define more precisely the fuel concentrationunderdry conditions (0% free water in
Figure 5-2) thatjust propagates;and the other thatdefines the position of the experimental
line in Figure 5-2.

o,

..

Four tests were recently conducted at FAI to determinethe minimumconcentrationof
sodium nickel ferrocyaniderequiredto sustaina propagatingreaction. In Farm 2 simulant
was mixed with sodium nitrateor aluminato concentrationsof 15 and 18 wt%
Na2NiFe(CN)6,on a dry basis; i.e., two tests at each fuel value, one with sodium nitrateand
the other with alumina, were conducted(Appendix B, Postma et al. 1994). The two
dilutions containing 15 wt% Na2NiFe(CN)_[43% reactants]did not propagate. However,
simulantdilutions containing 18 wt% Na2NiFe(CN)6[52% reactants]did propagate. These

i i Ill
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experiments were conducted to determine an empirical value for the fuel concentration
criterion for sodium nickel ferrocyanide and gave the experimental point at 0% water in
Figure 5-2; see also Section 4.3. Additional tests will be conducted during FY 1994 to
confirm the empirical line in Figure 5-2.

Figure5-2. ComparisonofTheoreticaland
ExperimentalPropagationLimits(Postmaetal.1994)

Reactants
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The present concentration of ferrocyanide in the sludge is expected to be significantly less
than that in the originai precipitate because ferrocyanid*,has been shown to hydrolyze,
breaking down into ammonia and sodium formate which in turn goes to sodium carbonate

" under radiological conditions in the tanks (see Section 5.5.5. I). Core sample results of
C Farm tank waste show that the waste's total cyanide concentrationis considerably lower

• than that for the In Farm simulants being tested (Simpson et al. 1993a, 1993b).

T Plant simulantwas preparedand sent to FAI for adiabaticcalorimetry tests. The
ferrocyanideconcentrationin the upper fraction of T Plant simulantwas found to be s':milar
to the U Plant simulantin composition and exothermic behavior. The lower fraction did not
exhibit exothermic propertiesduringDSC tests (see Fauske 1993).

• Planned Work to Complete Program. The screening tests described above
will be conducted in the first half of FY 1994 to determine propagationlimits
for ferrocyanidesimulants as a function of ferrocyanide concentration and
moisturecontent (Figure 5-2). Additional parametricand some
ferrocyanide/organictests will be specified and initiated at FAI. The residue
from aerosol testing using In Farm 1 samples will be analyzed to identify
reactionproducts. The fractionof cesium released during the aerosol tests will
also be determined. Adiabatic calorimeter studies on ferrocyanide simulant
sludges spiked with organics will continue.

• Milestone Status

- July 30, 1993. Complete reporton T Plant calorimetryand
propagation tests and U Plant dryout tests. This reportwas completo_l
by FAI on July 28, 1993. The reportwill be cleared for public release
and issued in March 1994.

- September 30, 1993. Complete organiccalorimetry scanning tests.
These tests were completed on s'_,neduleand a report, cleared for public
release, will be issued early in 1994.*

- September 30, 1993. Complete theoretical evaluations on hot spots
. and tank waste dryout. Conduct confirmatorytests and provide a report

that supportsUSQ closure. This report was completed by FAI in
November 1993 (Fauske and Cash 1993). The reportwas cleared for

" public release in November 1993.

- December 15, 1993. Complete repcrt on conditions necessary for
ferrocyanid¢- nitrate/nitritepropagation. This report was completed

*This work is part of the Organic Tanks Safety Program and is not shown in the
SectiOn6 schedules.
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by FM in November1993(FauskeandEps_in 1993). _e reportwi11
be prepared for public release and issued in March 1994.

- June 30, 1994. Complete screening tests of In Farm I simulantat FAt "
by varying ferrocyanideand water compositions to define the empirical
line thatdivides propagatingand non-propagatingmixtures on the
trianglediagram (Figure 5-2). Issue a report for public distribution(if
required)by September30, 1994.

- March 31, I_5. Complete parametricaerosol tests at FAI (if
required)that provide source terms for determining consequences of
hypothetical ferrocyanideburns in a ferrecyanide tank.

- September 30, I_5. Complete FY 1995 ferrocyanide calorimetry and
propagationtest programat FAI as specified by WHC and prepare
reports, available for public release, that supportresolution of the
FerrocyanideSafety Issue.

- September 30, 1996. Complete FAI support for FerrocyanideSafety
Issue resolution.

5.6 EMERGENCY RESPONSE PLANNING

Emergency response planningis necessary to specify appropriateactions requiredin case
there are abnormal conditions that develop in the ferrocyanidetanks. The DNFSB
emphasizedthat fact in their Recommendation90-'/.6 as follows:

"TheBoardhadreconvnended'thatan actionplanbedevelopedforthemeasuresto
betakentoneutralizetheconditionsthatmay besignaledbyalarms.'Two typesof
measures are implied: actions to respond to unexpected degradation of a tank or its
contents, and actions to be taken if 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 material from the tanks, and that would protect personnel both
on and off the Ha_ord 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 mitigate the unacceptable results that could
ensue."
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5.6.1 Background

" Subsequentto the issuance of this recommendationby the DNFSB, WHC has: (1) prepared
and issued an action plan to respond to developing abnormalconditions in a ferrocyanide

. tank; (2) preparedand issued emergency documents to respond to a release from a
ferrocyanidetank; and (3) conducted field exercises (in conjunction with other Hanford Site
emergency organizations) to test the HanfordSite ability to respond to such emergency
conditions.

The temperatureand moisture content of the waste are key safety control parametersfor
tanks with the potential for an exothermic reaction. The ferrocyanidetanks have estimated
heat Ioadingsof less than 4 kW (11,000 Btu/h) (Crowe et el. 1993), and dissipate their heat
via naturalcirculation (i.e., convection and radiationto the tank headspaceand conduction to
the surroundingearth). Temperaturesin 13 of the 20 ferrocyanidetanks are monitored
continuously, while the remaining 7 tanksare monitoredweekly. The highest temperature
observed in any of the tanksis less than 55 °C (131 °F). This is well below the minimum
exothermic reaction temperatureof approximately220 °C (428 OF)observed in the
laboratory underideal conditions (I-Iallenet al. 1992) for stoichiometric mixtures of
ferrocyanide and oxidant, even with additional fuel (5 mole% EDTA) present and no
additionaldiluents.

The moisture content of the ferrocyanidewaste layers is postulated to be _e40 wt%, based
on: (I) ferrocyanide tank samples takenbefore 1986; (2) moisture analysis results from
samples taken from tanks241-C-112 and-C-I09 in 1992; and (3) recent flowsheet simulant
investigations, which show at least 45 wt% moisturefor simulants centrifuged at > 2000 g
and simulant drainabilitytests. However, no moisture surveillance system is currently
installed for monitoringthe tanks. See Section 5.1.5.3 for work in progress to estimate the
tank waste moisturecontent.

5.6.2 Evaluation of Issue

It is prudentto preplanresponses to abnormalconditions thatmay develop in the
ferrocyanidetanks. Likewise, additional definition of the probable consequences of potential
release events and planning to respond to such events are necessary.

P

5.6.3 Baseline Assumptions

• Control of waste temperatures and the moisture content of ferrocyanide waste
wiU preclude propagating reactions.

• Temperature excursions within the waste, although highly unlikely, may be
possible until proven otherwise.

a|l i ill_ ,ram iii
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• Loss of significant moisture from a ferrocyanidetank is to be considered a
problem until demonstratedotherwise.

I

• Thermal response of the ferrocyanidetanks is slow.

$.6.4 Method to Close ReeommendaUon 90-7.6

The Action Planfor Response to Abnormal Conditions in Ha_ord Radioactive Waste Tanks
Containing Ferrocyantde (Cash and Thurman 1991a) was preparedin response to DNFSB
Recommendation90-7.6. The action plan describes the steps to be takenif a temperature
increase trend above the tank temperaturebaseline is measuredin any of the ferrocyanide
tanks. The documentwas 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 flammableand toxic gases, as well as the reporting requirements, if established
criteriaareexceeded.

In addition, the Tank Farm Stabili_tion 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 radiationmonitoring systems. Significant alrb,3rneor
ground surface releases that spreadbeyond the immediate tank or tank farm would be
detected by the tank farm area radiationdetectors. These monitoringsystems are on all tank
farms. An emergency involving an undergroundradioactive waste storage tank is a unique
event with potentially serious consequences both onsite and offsite. The Stabilization Plan
analyzed the potential effects of an event h, voiving one of these tanks, and additional steps
were pro.acribedso that emergency personnel can take mitigating actions in a timely fashion.
The Stabili_ation Plan includes predeterminedmitigative actions for terminatingthe
emergency phase and providing a transitionto 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 broadrange of consequences. The Stabilization
Plan provides quick, preplannedactions that can be used to stabilize an emergency event at
an undergroundradioactive waste storage tank.

Emergency event recognition and classification; protective action recommendations;and
emergency notification emergency plan implementingprocedures 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 proceduresand training.

All actions with respect to emergency planning, emergency event recognition, protective
action recommendations,and emergency response procedures have been completed. Further
revisions and occasional validation exercises will be accomplished as part of the normal
WHC and DOE emergency planningefforts. No furtherreporting on these issues is planned
and this part of DNFSB Recommendation90-7.6 is considered complete and closed.

i i iii 11111 i
i ,,,,, i,,i,,,
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DOE considers this recommendationto be closed with the proviso that the abnormal
conditions response plan and emergency plans are: (I) reviewed on a periodic basis;
(2) revised and updatedas requiredto incorporateany additionalcontrols determined

• appropriateby the ongoing Waste Tank Safety Programinvestigations (e.g., the "Action Plan
for Response to AbnormalConditions in Hanford Site RadioactiveWaste Tanks Containing

. Ferrocyanide," will be updatedin May 1994); and (3) validation exercises for various waste
tankaccident scenarios are conducted (exercises for the tank farms are conductedevery two
years).

I _ ** *
l* **,** ** ** wH * I
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6.0 PROGRAM SCHEDULES AND MILESTONES

- Two sets of schedules (Figures 6-1 and 6-2) are presented in this section. The scope of some
of the program activities has changed since the FY 1992 program plan was released and
progress should be tracked against the new schedules presented here. The first set of
schedules reviews milestones for FY 1991 through FY 1994; these have been statused
through March 15, 1994. A status line was drawn showing the progress completed on each
activity. Actions t_hathave 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 "I?A 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. Reports tracking progress against
these schedules will be published quarterly.

6-1
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Ferrocyanide Waste Tank Safety Program Schedule
FY 1991 FY 1992 FY 1993 FY 1994
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FerrocyanideWasteTank Safety ProgramSchedule
Activities FY 1991 FY 1992 FY 1993 FY 1994 ao_
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