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APPROACH FOR TANK SAFETY CHARAC_ATION
OF HANFORD SITE WASTE

t

Abstract

t

The overall approach and associated technical basis for characterizing Hanford Site waste to
help identify and resolve Waste Tank Safety Program safety issues has been summarized.
The safety issues include flammable gas, noxious vapors, organic solvents, condensed-phase
exothermic reactions (ferrocyanide and organic complexants), criticality, high heat, and
safety screening.

For the safety issues involving chemical reactions (i.e., flammable gas, organic solvents,
ferrocyanide, and organic complexants), the approach to safety characterization is based on
the fact that rapid exothermic reactions cannot occur if either fuel, oxidizer', or temperature
(initiators) is not s_fficient or controlled. Becatt_e specific limits of fuel, oxidizer, and
temperature (initiators) must be satisfied for a chemical reaction to occur, waste can be
stored safely if the conditions for reaction are not met. Therefore, the characterization
approach is to confirm that one of the conditions of fuel, oxidizer, or temperature _(initiators)
is not sufficient or that at least one condition is controlled.

The approach to characterization has been influenced by the progress made since mid-1993:
(I) completion of safety analyses on ferrocyanide, criticality, organic solvent in tank
241-(.=103, and sludge dryout: (2) successful mitigation of tank 241-SY-101;
(3) demonstration of waste aging in laboratory experiments and from waste sampling; and
(4) increased understanding of the information that can be obtained from headspace
sampling. All these accomplishments have helped refine the direction of safety
characterization.

Sources of data for safety characterization include: (1) reviews of process flowsheets, waste
transfer records, monitoring data, and historical sample data; (2) visual insPections of the

7 waste; (3) interrogation of the tank headspace using standard hydrogen monitors and vapor
sampling; (4) temperature and moisture monitoring; and (5) analyses of waste samples

_- obtained from liquid grab sampling, surface auger sampling, and full-depth core sampling.
Headspace vapor sampling is being used to confirm that flammable gas does not accumulate
in the single-shell tanks, and to determine whether organic solvents are present. The
headspaces of tanks that may contain significant quantities of flammable gas will be
monitored continuously using standard hydrogen monitors.

For the noxious vapors safety issue, characterization will consist of headspacevapor
sampling of most of the Hanford Site waste tanks. Sampling specifical_, for criticality is not

• required to confirm interim safe storage; however, analyses for fissile material will be
conducted as waste samples are obtained for other reasons. High-heat tanks will be
identified through temperature monitol_ng coupled with thermal analyses.
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APPROACH FOR TANK SAFETY CHARACTER/ZATION
OF HANFORD SITE WASTE

1.0 INTRODUCTION

1.1 OBJECTIVE AND SCOPE OF DOCUMENT

This document summarizes the overall approach and associatedtechnical basis for
characterizing Hanford Site waste to identify and resolve safety issues (i.e., characterization
for determining whether the waste is stored within established safety envelopes). This is a
summary document; the full technical bases are provided by the safety analyses cited
throughout the document. Details on the number and frequency of samples, data quality

7 requirements, and confidence levels are not presented in this document,but are covered in
_. the individual data quality objective documents for the safety issues.
i

The scope of this document is limited to activities within the Waste Tank Safety Program.
.'i Specifically, the characterization associated with flammable gas, noxious vapors, organic

solvents, condensed-phaseexothermic reactions (ferrocyanide and orgmdc complexants),
', criticality, high heat, and safety screening are discussed. Other problems, such as detection
_ and prevention of leaks to the soft, are not included.
?

: 1.2 BACKGROUND

: One hundred and seventy-seven underground storage tanks at the Hanford Site store high-
level radioactive liquid waste in quantities that generally exceed a few hundred tl-.ousand

= liters, with radioisotope concentrations of about one-fourth curie per liter. The 28 newer
double-shelltanks (DSTs) are typically filled to near 4.4-million-liter capacities, while the

: older single-shell tanks (SSTs) are often only partially filled.

Safety issues associated with HanfordSite waste tanksarose because of inadequatesafety
__ analyses and high levels of uncertainty over the exposure of workers to noxious vapors, and

the release of radioactivity resulting from exothermic chemical reactions, a criticality, or a
- tank structural failure from high heat. Much work has been completed within the Waste

Tank Safety Program to establish s_fety envelopes and reduce the uneert: __?!. The approach
-_ to characterization has been influenced by the progress made since mid-1993.

-'_ Safety analyses on tank 241-C-103 (which contains an organic solvent pool), ferrocyanide,:1

' and czSticaUtyhave focused the characterization requirements for these issues (,_eeSections
: 3.4, 3.5, and 3.6, respectively). F.zcperimentsandanalyses on fuel-nitrate reactions, waste
-'_ . aging, and sludge moisture retention have helped define the effect of fuel, moisture, and

temperature (initiators) on interim safe storage. Installation of the mixer pump in tank
241-SY-101 mitigated the one tank known to release flammable gas at concentrations above

"
-- i [ iiii IIR ii i
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the lower flammability limit(see Section 3.3.1), and an enhanced vapor sampling capability
will screen for additionalsafety issues for the Hanford Site tanks (see Section 3.3).

The early focus of waste characterization in the Waste Tank Safety Program involved heavy
reliance on historical information and monitoring data to identify tanks at risk. This
approach proved to be appropriate for identifying tanks with potential flammable gas,
ferrocyanide, criticality, high-heat, and organic complexant safety issues. However,
examinations of historical information were only partially successful in identifying organic
solvent and noxious vapor tanks. Further characterization wiUbe necessary to produce
additionalfactualsafetyanalyses.

' 'q' 'Ire'lp P ....... ii i111e'_llllali.a"r.._r'_i.ii ,r _' ........... "FIr ,a'pll'II 1 I,', SP' "' e_.... ,",rp, ''Pl' r, ...... rq.#_pwl . '' PII_I "iqlrlIi'r"_P ........ qir'rlllql!IIl '' ,,_i, ' ",l_.q,,,,lllir_ ......
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2.0 NECESSARY CONDITIONS FOR EXOTHERM]C CHEMICAL REACTIONS

. A better understanding of the potential for exothermic chemical reactions in the waste tanks
has beenobtainedthrough review of historicalprocessinformation, analysesof samples,
modelingof wasteaging processes,andexperimental results. This understandinghas led to

" development of an improved characterization approach for addressing the issue of exothermic
reactions.

i

The approach recognizes that a flammable gas deflagration, organic solvent fire, or a
condensed-phase (fe_ocyanide ororganiccomplexant) exothermic reaction cannot occur
unless specific conditions of oxygen or oxidizer, fuel, and temperature (initiators) are all
sufficient. Because all three conditions must be sufficient for a chemical reaction to occur,
waste can be stored safely if the conditions for reaction are not met. Therefore, the
characterization -ipproach is to confirm that One of the conditions of fuel, oxidizer, or
temperature (initiators) is not sufficient or that at least one condition is controlled.

An important parameter in controlling condensed-phase reactions is moisture. In sufficient
quantity, moisture will prevent condensed-phase (ferrocyanide or organic complexant)
propagating reactions by three main mechanisms: (1) moisture behaves as an inert diluent
(lowering the effective fuel concentration); (2) moisture prevents initiation of an exothermic
reaction (the energy from most credible initiators would be absorbed by the sensible and
latent heat of the moisture before the waste reached the critical initiation temperature); and
(3) moisture provides a large heat sink that inhibits propagation (for a reaction to propagate,
enough energy must be supplied to overcome the sensible and latent heat of the moisture

' present).

ExperimenLs have shown that moisture can prevent condensed-phase propagating reactions
| (also see Sections 3.5.1, 3.5.4, and 3.5.5). Adiabatic calorimetry and reaction rate tests on
i ferrocyanide waste simulants have shown that propagating ferrocyanide reactions cannot,i

occur in waste containing more than 20 wt% moisture (i.e., 20 wt% _ee water l) (Fauske
1992, Epstein et al. 1994a). Similar experiments using stoichiometric mixtures of organic
complexants and nitrate/nitrite salts revealed that propagating reactions will not occur if the
moisture content is greater than 20 wt% (Fauske 1995, Webb et al. 1995).

Sufficient moisture content can ensure that exothermic reactions will not occur, regardless of
the fuel.oxidizer concentration. That is, if adequate moisture can be confirmed through
monitoring, m_alysis, or sampling, then it can be concluded that condensed-phase exothermic
reactions will not occur, ensuring interim safe storage.

i /' , ,

, /

IFree water is defined as the waterthat can be rerfioved from samples using standard
. drying methods by drying at 120 °C for 18 hours.

2-1
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3.0 TECHNICAL BASIS FOR SAFETY CHARAC_ATION

• Characterization wiU provide data for safety decisions relating to exothermic chemical
reactions, criticality, tank structure failuies from high heat, and worker exposure to noxious
vapors. Additional characterization of wast_ may be needed to guide process controls duringi

• retrieval and disposal operations; however, this document focuses specifically on ensuring
interim safe storage.

Safety issues posed by stored waste have been exte.nsively studied during the past several
years. In general, conservative positions have been taken regarding the potential that a
hazard may exist. Additional characterizatiox_ provides data to help quantify risk, confirm
conditions, and screen for potential safety issues. Further characterization may also allow
relaxation of some constraints. In this section, the technical ba_s for proposed waste
ch,_xacteri2aJon efforts are described.

3.1 HISTORICAL INFORMATION

A first step in learning about waste makeup is to evaluate the available information, including
process records, waste sample analyses, and waste monitoring data. There are _mitations
involved in using historical data, and these limitations need to be clearly understood before
historical data are used for resolution of the _afety issues. Examples of the use of historical
data are:

• The Watch List (WHC 1994) was foxTnulatedfrom a study of historical information
" (see Appendix A ibr a listing of file Watch List tanks).

• Tanks that received ferrocyanide waste were identified from a study of scavengingcampaign process records (Borsheim and Simpson 1.991).

• Uppor-bound ferrocyanide concentrations from px'ocess flowsheets, minimum moisture
data from historical information, and available waste sample analyses were used to
a'¢se the ferrocyanide Unreviewed Safety Question (Postma et al. 1994a).

• Tanks that r_e,eivexi organic complexants were identified from a study of historical
sampling d_m ,andwaste transfer records (Tothet al. 1994).

• A review of waste level data identified tanks that may undergo episodic releases of
trappe0 gases and could therefore p_se a "flammablegas hazard (Hopkins 1994). A
detailed histoti_al report on the Flammable Gas Watch List tanks was also completed
(Bmge¢ 1994).

To help prioritize +ho_etanks requiting additional characterization, evaluations will continue
to look for waste tanks that may have conditions outside the approved safety envelope.

, -Ji
-- - ,¢1
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Future efforts will include, but will not be limited to: (1) review of the specific gravity and
rheological data to determine which waste may have a potential to retain flammable gases;
(2) review of in-tank photographs to judge whether a surface liquid ig present;
(3) exatnination of stabilization histories and liquid level monitoring to determine which tanks
have the potential for mixing organic solvents and waste solids; and (4) assessment of heat
load, temperature, and ventilation histories to determine which tanks may contain dry waste.

, •

3.2 MODELS GUIDING SAFETY CHARACTERIZATION

Characterization of waste solely by the analysis of samples would require extensive sampling.
Therefore, an understanding of physic.aland chemical processes has been used to develop
safe storage models that guide characterization. Confidencein these models can be increased
by using sampling data and monitoring _formation. GeneraliZedconclusions on waste
conditions may be appropriate within a waste type, within a tank, or across a family of
simiIar tanks, depending on the model and the confidence in the modell

Waste models have been developed to estimate tank heat loads, distribution of heat-produeing
radionuclides, moisture concentration and distribution, and fuel concentration and
distributioa. Models diseussed in the following sections are not necessarily mathematic,al
models, but may only be concepttml modds that are used to apply physical and chemical
principles.

3.3 FLAMMABLE GASES AND NOXIOUS VAPORS

The primary hazards associated with gases and vapors contained in the tank headspaces are
flamma_:41ityand toxicity. Chemical decomposition rear tions occurring in waste are known
to produ :e gases that are potentially flammable (hydrogen, mtrous oxide, ammonia, etc.). In

: addition, organic solvent vapors that may be present in some tanks can contribute to
headspace flammability. Ammonia and other vapor species may also represent a noxious
vapor hazard. The characterization methods required to address these two hazards are

closely related, and thus the two hazards are discussed in this section.3.3.1 Flammable Gas Hazard
i

Flammable gas speeies (mainly hydrogen, nitrous oxide, and ammonia) are prodt_:.:_lat low
rates by radioehemieal and thermochemical degradation reactions in waste. Vapor from
organic solvent may also contribute to headspace flammability. While the mixture of gases
may be of flammable composition, a flammability hazard can exist only if a significant
amount of gas (i.e., enough to exceed a minimum fuel concentration, known as the lower
flammability limit [LFL], in the headspace) can be retained within the tank. Otherwise, the
gases will be dissipated to the atmosphere at concentrations too low to represent a
flammability hazard.

lm_ I I I I
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For flammable gas to ignite and bum,_it mustbe mixed with an oxidizer and provided
sufficient energy to start the chemical reaction. A sufficiently dilute mixture of flammable
gas (i.e., a concentrationbelow the LFL) and oxidizer will not bum. The Nationa_Fire

. Protection Association recommendsthatprocesses be controlledso that flammable gas
concentrationsare less than25 % of the LFL. U.S. Departmentof Energy orders require
that Hanford Site waste tanks be operatedwithin National Fire ProtectionAssociation

• guidelines; therefore, management efforts must provide assur_lce that flammable gas levels
are ma.,ltamedbelow 25 % of the LFL.

f

The hazardcan be classified according to the mode by which the flammablegases are
releaw.zifrom the waste. For a steady-staterelea_, gases are releasedat approximatelythe
rate at which they _e formed, and the concernis an accumulationof flammable ga_s in the
headspace(i.e., a steady-stateflammabilityhazard). For a limited numberof tanks, gases
are released episodically at comparativelyhigh rates. For these episodic releases, flammab!e
gas concentrationscould exceed 25% of the LFL for brief time periods. Twenty-five
HanfordSite waste tanks are on a FlammableGas Watch List (see Appendix A for listing)
because the waste in these tanks is believed to have the potential to retainhydrogengas until
appreciablequantifiesare released (Hopkins 1994).

The headspacesof tanks on the FlammableGas WatchList (see AppendixA for listing) will
be monitoredfor flammable gases continuously. Standardhydrogen.monitoringsystems have
been designed, built, and installedon about a fourthof the FlammableGas Watch List tanks,
and installation of the systems on all of the Flammable Gas Watch List tanks will be
completed by April 1995. The standard hydrogenmonitoring system consists of a cabinet
with piping and instrumentationthat supportan on-line hydrogendetectorand a "grab
sampler"(WHC 1992). The grab samplerallows gas samplesto be removed from the tank

• for highly detailed analyses. Therefore, the system allows for both continuous gross
measurementsof the hydrogenconcentration,and precise snap-shotsof the gas

i concentrations. Monitoring results thusfar have shown no flammable gas concentrationsabove 25 % of the LFL (Wilkins 1995).

3.3.1.1 Steady-State Release of Hammable Gas. All DSTs are actively ventilated, and air
exchange is rapid enough (except duringan episodic release, see Section 3.3.1.2)to keep
steady-state bulk hydrogen concentrationsin the headspaceswell below 25 % of LFL
(Graves 1994) However, most SSTs are passively ventilatedand only exchange air with the
environment throughrelatively slow barometric pressure changes and by instrumentair
purges. Therefore, potential accumulationof flammablegases in the headspacesand risers
of ali SSTs has been explored.

Preliminary studies (Wood 1993, Graves 1994, Fowler and Graves 1994) have examined
accumulation of flammable gases in the headspacesand risers of SSTs thatare not on the
Flammable Gas Watch List. A more detailed study on flammable gas accumulationis

. currently being developed by the Flammable Gas Program. However, calculations
performed thus f,,,,"show that gas productionand release rates from thermochemical and
radiochemical pr,...,,'-e,sses are modes_and that passive ventilationalone will keep the

, j
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headspaceswell below 25% of the LFL. The contributionto the flammablegas mixture
from organicsolvent vapor is low (Claybrookand Wood 1994) because the bulk of organic
solvent remainingin any tankwould likely have a low vapor pressure. Samplingdatafrom
tar_ 241-C-103, which contains a floating organic layer, supports this conclusion. Vapors
from the organic solvent amount to less than 5% of the LFL (Huckaby and Story 1994,
Postma et al. 1994b).

Sampling is being used to confh'm that flammable gas does not accumulate in the SSTs.
Headspace samplingresults from 30 SSTs (none of which are on the Flammable Gas Watch
List) indiczte that flammability in the headspaces and risers is well below 25% of the LFL.
Headspace sampling of passively ventilated SSTs for flammable gases will continue until aLI
are sampled. Ncsc of these tanks is expected to contain steaay state flammablegas
concentrationsabove 25% of the LFL. However,if concentrationsgreaterthan 25% of the
LFL are measuredduring the sampling campaign, then these tanksbecome candidatesfor
continuous gas monitoring(see Section 3.3.1.2) and potentialmitigation.

3.3.1.2 Episodic Release of Flammable Gas. The ability of waste to retain large amounts
of gas is d_ndent on its physical propertiesand chemical/radiologic,al composition. The
waste reta/ns gases that increase the waste volume (slurrygrowth) until the gases escape.
Slurrygas is only pre_entin a tank headspaceat high concentrationswhen it is releasedby
the waste; therefore, the most direct way to characterizegas may be to samplethe waste
dire,_tly.

The amount of gas retained in the waste will be estimated from analysis of tank operational
data. Tank monitoring data include changes in surface level (resulting from gas release
events and changes in atmosphericpressure) andaxial waste temperatureprofiles. New,
more accurate level gages and instrument trees (that measure temperarare)are being instaUed
in Hanford Site tanks. Data from these dexaceswill help identify any tanks (in additionto
tho_ <'_Lh'eadyon the Flammable Gas Watch List) that have meaningful episodic releases of
f_ammablegas.

Analyses of stored gas are underwayfor the existing WatchList tanksas well as for
non-Watch List tanks. Three types of models (Sporeet al. 1994) have been used to estimate
the stored gas in DSTs--the "maximum historiclevel drop," the "neutral buoyancy" and the
"Rayleigh-TaylorInstability"models. Analyses for SSTs have only used the maximum
historic level dropmethod (Nichols 1994).

3.3.2 Noxious Vapor Haza,,d

Several health and safety issues are related to no_dousvapors that may be presentin some of
the high-level waste tanks at the Hanford Site. l[ntil valets in the waste tanks are well
characterized, the risks to worker healthand safi:_tycannot be determinedor controlled
(Osborne and Huckaby1994).

l1
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A tank-by-tank sampling approach is being pursued to resolve the headspaee issues dealing
with flammability (see Section 3.3.1.2) and noxious vapors. Vapor sampling will be
conducted on the 177 tanks in the tank farm complex. Modeling and vapor data from tank

. 241-C-103 indicate that the tank headspaees are well mixed (see Appendix B for discussion),
except during sn episodic gas release. To corroborate that the headspaees are well mixed,

• additional headspaee sampling at different vertical and horizontal locations will be conducted
• in selected tanks (see AppendixB for discussion).

If any compounds with toxicological propertiesexceed the'zrrespective triggerpoints inside a
tankriser, then IndustrialHygiene is advised that compoundsof toxicological concern are
present in the tankheadspaee. The trigger point has been defined as 50% of the appropriate
ConsensusExposure Standard(CES) concentrationfor all analytes of interest. ACES is
generally defined as the most stringentof known regulatoryor recommended toxicological
values for the occupationalsetting, including the thresholdlimit value, permissibleexposure
limit, recommendedexposure limit, and biological exposure limit (Osborne and Huckaby
1994).

The data required to assess toxicity are as follows: (1) identification of chemical compounds
of worker health and safety or toxicological importance in the tank headspaee; (2)estimates
of the concentrations of these toxicologically significant compounds in the headspace; and
(3) understanding of the toxicological effects of these compounds and the CES for each
constituent of concern.

3.4 ORGANICSOL S

3,4.1 Organic Solvent Hazard

| Various separation processes involving organic solvents have been used at the Hanford Site.
a These organic solvents were inadvertently and/or purposely sent to the undergroundstorage
* tanks, and subsequent waste transfer operations might have distributed organic solvent among

several of the 177 high-level waste tanks (Sederburgand Reddick 1994). 'Ilaere are three
potential hazards associated with organic solvent: (1) contribution to headspace flammability
(see Section 3.3.1.1); (2) ignition of an organic solvent pool resulting in overpressurization
of the tank and release of radioactive material to the environs; and (3) ignition of organic
solvent that is entrained in waste solids.

3.4.2 Relationship Between Organic Solvent and Organic Vapor

There is a direct relationshipbetween liquid organic solvent in a tank and the organic solvent
vapors found in the headspaee. Tile mass transfer of a semivolatile species in an organic
liquid (e.g., dodecane, trideeane, or tributyl phosphate) to the headspace vapor is determined

. by several parameters, including the mass transfer coefficient, gas-liquid contact area,
ventilation flow rate, duration of exposure, and headspace volume. If organic solvent is
present, organic solvent vapors should be detectable in a tank headspace, even if the tank is

t
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actively ventilated. Most SSTs are only passively ventilated (i,e., the ventilation flow rate is
quite small); thus the organic solvent vapors should be present at roughly equilibrium
concentrations. _ldeed, this was the case for tank 241-C-103, which contains a floating
organicsolventpool.Analysesoftheliquidorganicsolventpooland thevaporsinthe '
headspace(seeAppendixC) suggestthatsemivolatileconcentrationsarepresentatclose-to-
equilibrium concentrations in the tank hesdspace.

,

Currently, one tank (241-C-103) is knovat to contain an organicsolvent pool. Additional
tanks that may containan organic solvent pool will be identified through continued vapor
sampling of the tank headspaces. These analyses have been integrated into the noxious vapor
sampling campaign. If vapor sampling suggests the presence of organic solvenL liquid grab
samples and/or surface samples will be obtained to betWr quantify the potential ibr an
organic solvent fire.

3.4.3 Entrained Organic Solvent
!
J

Organic solvents that have become entrained in waste solids as a result of interim
stabilization or tank leakage may also pose a hazard. Entrained solvents could allow wickin$
of the organic solvent, resulting in a sustained organic solvent fire. Only small initiators
would be required to produce a wick-stabilized flame. However, if the organic solvent is
entrained below the waste surface, mass transport (wicking) to the surface for combustion
with headspace air is suppressed. In additic_n,ignition is less likely below the waste surface
(see Section 3.5.3), and once ignition is ruled out, entrained solvent is no longer a hazard.

Waste that may contain entrained organic solvent will be identified through vapor sampling
of the tank headspaces. Vapor sampling for organic solvent is being conducted as part of the
noxious vapor sampling campaign. If vapor sampling suggests the presence of organic
solvent, liquid grab samples will be obtained through the saltwell screen (if possible) to
betterquantifythepotentialforanorganicsolventfire.Samplesofthewastewillbe
obtainedtodetermineifthesaturatedregionisnearthesurface,and todeterminethe

i quantity of entrainedorganicsolvent.

i 3.5 (CONDF_SED-PHASE)
FUEL-NITRATE REACTIONS

During the defense mission at the Hanford Site, organic complexants and ferrocyanide were
sent to the high-level waste tanks. The_ compounds have the potential to act as a fuel when
combined with an oxidizer. Nitrate salts have also been precipitated in the tanks and are a
source of oxidizer. Fuel-nitrate/r;ltrite reactions can propagate at temperatures above a
critical onset temperature; therefore, temperatures will be monitored.

t
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3.5.1 Safety Criteria

For a propagatingreaction to occur, a mixtureof fuel and oxidizer must experience an
. initiator of' sufficient energy (Cady 1993) However, fuel, oxidizers, and temperature

(initiators) are ali important parameters. If fuel, oxidizer, and temperature (initiators) axe not
sufficient, then a propagating reaction cannot occur (see Section 2.0). In additJion,a reaction

' cannot propagate if adeqtmte moisture is present, even when the fuel-oxidizer ndxture is
sufficient (Fauske 1992, Epstein et al. 1994a, Fauske 1995).

Specific conditions of fuel, moisture, and temperature are ali required to support a
propagating reaction. The minimum required fi_elconcentration has been detez_ainedusing a
contact-temperature ignit_gnmodel (Fauske 1995). A necessary (but not sufficient) condition
for a condensed-phase propagating chemical reaction is that the fuel concentra/_ionbe greater
than 1200 J/g, on an energy equivalent basis (Fauske 1995). For fuel eoncentJrationsbetween
1200 and 2100 J/g, the waste moisture content required to prevent a propagating reaction
varies linearly from 0 to 20 wt%. Above 20 wt%, the fuel-moisture linear relationship no
longer holds because the mixtur_ becomes liquid continuous. A stoiehiometric fuel-oxidizer
mixture will not propagate when the moisture content exceeds 20 wt% (Fauske 1995).

In summary, safe storage criteria for the condensed-phase propagating chemical reaction
safety issues (i.e., for ferroeyanide-nitrate/nitrite and organic complexant-rtitrate/nitrite
reactions) are as follows:

"7able3-1. Safe Storage Criteria.
D _.=.l,r .....

Parameter Criteria Units

' Fuel Concentration _ 1200 1/g
ii i iii

Waste Moisture Content > 0.022 Fuel Concentration - 27 wt%

3.5.2 Heat ._.,oads

. Th_ radioactive decay heat in waste tanks is important to safe_ primarily because it
determines the steady waste temperature profile, and secondarily because it influences the
moisture loss rate. A propagating chemical reaction could be initiated in dry waste that
contains sufficient fuel when the local _mperature rises above 200 *C (Webb ct ai. 1995).

i Waste temperaturedata and a model of heat transfer proces_:._have been u._xlto estimate
heat loads for the SSTs (Crowe et 'al. 1993, McLaren 1994a and 1994b). Except for tank
241-C-106, the tanks are passively cooled to below the waste boiling point and do not require
moisture for cooling to remain below the reaction initiation temperature. Therefore,
initiation of propagating reactions from bulk self-heating is not credible.

• Radioactive decay heat in the Hanford Site tanks is decreasing over timto Consequently,
waste tempe_tures will continue to decrease unless the waste thermal properties change
because of dryout. The maximum waste temperatures in tanks with active cooling are

li __ _liijL__ --'11 i li,IWS_*lll IIII . III 1_. I In I

3-7

......... ,,, ,q_n,..... ,,',,1,1)i,r'",_",li,,',_..... _rilrl,..... illl,,'_'r,r,'_,.... ,, iI,,l,_irlril,i, ni_lr,_i,llrrPl,r li,,,i[Iill,_i,, ,,i,,,,H,q,,iIi, i,, i'p_!II' "i,rri



WHC-EP-0843

boundedby the temperaturesin tank 241-C-106. Even if cooling were lost to _ tank, heat
transfermodeling has shown that it would take about480 days to reach the administrative
temperature limit of 149 *C (Kummerer 1994), an adequate time to take mitigative action.

3.5.3 Initiators

If the waste has a sufficient fuel-nitrate mixture and low moisture content (see Section 3.5.1),
a propagatingreaction could be initiated if an energy source raised the temperature to the
ignition point. The potential for tank farm equipmentand operations to initiate propagating
reactions hasbeen evaluated. Operations that were considered in this evaluation are
described in Bajwa (1994) and Seaief (1991).

Operational incidents were considered by using a "what if" approach that focused on
incidents that would significantly increase the amount of energy deposited in the tank or
waste. These conditions included the following: (1) bringing hot objects in contact with the
waste; (2) o_rational incidents that would significantlyincrease the electrical or mechanical
power output of equipmentin or near the waste; and (3) loss of cooling providedto
equipmentin or near the waste. Energy from naturalevents, such as lightning strikes, was
also considered. The results of the evaluation are summarizedin Table 3-2.

Table 3-2. Summaryof OperationsEvaluation..
Operation hcident Conditions Location of Heating

Heating Potential
i

In-tank inatrumentation Electrical overcurrent Waste surface Negligible
i i i i ii,J li

Dropping flesh unit onto
Still camera photography the waste surface, hot Waste surface Localized heating is possible

filament contacts waste
ii i i ii iiilll i

Dropping light unitonto
Video camera the waste surface, hot Waste surface Localized heatir,g is possible

filament contacts waste
i i Jl i i,.,i., i , i,i i.,,, i

Loss of cooling to the High localized waste
Interim stabilization using motor/pump assembly Bottom of saltwell
a submersible pump .i causes overheating temperatures are not expected

ii i l lll i

Loss of bit cooling, Localized heating to ignition

Core sampling - rotary failure to shut down drill Bit/waste interface temperatures is possible, safety
mode sampler causes frictional interlocks are designed to limit

heating of the waste waste temperaturerise

Rupture of fuel tank on Localized heating to ignition

Vehicle operation above aboveground equipment, Waste surface temperatarea is possible, but
the tank fuel leakage into the tank, can be prevented by controls

subsequent fire or skid plates on vehicles

Lightning strike on or Arc to waste surface Local heating to ignition

Lightning strikes ,neara tank or equipment or from immersed ' temperatures is possible, butcauses lightning current to object to waste
reach the waste below the surface can be prevented by grounding

_ r
l._.ul I ___
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All of the Potential initiators would occur near the waste surface, with the exceptionof rotary
core drilling incidents and lightning. Although rotarycore drilling incidents and lightning

• strikes cannotbe deemed incredibleinitiatingevents, the risk can be _mitigated,with controls.
The rotarycore driller is designed with safety interlocks that limit drill bit temperaturerise.
Ignition from lightning strikes can be prevented by grounding. A plan to ground tanks

' suspected of containinginsufficient moisture is being studied. With mitigation of the threat
from rotary drilling and lightning strikes, the condition of waste near the surface is the most
important factor in determining the risk of fuel-nitrate reaction accidents.

To better understand what the characterization n_.ds are, it is necessary to determine the
depth of "near surface." Preliminary calculations (see Appendix D) have examined heat
transfer through waste in contact with a high-temperature initiation source. These
calculations suggest "near surface" is the top 2 to 14 cm of waste. A more rigorous study,
to be completed in June 1995, will examine potential accident/_:enarios to better quantify
"near surface."

3.5.4 Moisture in Waste Sludges

Moisture is an effective diluentand its sensible and latent heat can prevent reaction
propagation. Physical-chemicalpropertiesand storage conditions foster the retention of
moisturein waste sludge. Sludge is formed when solutions containingtransitionmetals such
as iron and other metals are madealkaline. Hydratederodesand hydroxides are precipitated
as fine particles. After settlingand consolidation into a sludge layer, moisture is retainedby
the following mechanisms:

• Interstitial liquid held by physical-chemical forces in the sludge
• Moisture held as hydratesin waste salts,

Experiments (on real waste and simulants) and theoreticalcalculationshave been performed
to help quantify the moisturecontent and retentioncapabilityof waste sludges
(Simpson 1994, Jeppsonand Wong 1993, Epstein et al. 1994b). Results indicate that sludge
may be viewed as a concentratedaqueous suspensionof fme precipitateparticles. Sludge is
similar to silty soil, mud, clay or even toathpaste. In such suspensions, strongphysical-
chemical forces act between the fluid and particlesand between particles. Enormous forces
mustbe applied to remove even smaUq_mntitiesof liquid from the matrix of the micron-
sized sludge particles.

3.$.4.1 Moisture Retention in Waste Sludges. Experiments have been performed on
" simulants (Meachamet al. 1994a) and actual waste sludge (Simpson 1994) to develop a

model for moisture retention (i.e., a consolidation model). The consolidation model and data
from dry_g experiments were used in an analysis of potential drying mechanisms

. (Epstein et al. 1994b). The analysis concluded that the formation of a dry local or global
region of sludge as a result of tank leakage (draining of interstitial liquid) is kighly unlikely.
Drainage from a waste tank would not dry sludge below about 40 wt% moisture. Analyses
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have also shown that the formationof dry local regionl in sludgeby hot spots is highly
unlikely and that moistureremains uniformlydistributedbec_u_ of capillary forces and
moisturemigration(Crippen 1994, Epsteinet al, i994b).

,l

The hydrophilic natureof waste sludges is supportedby sampling results. A study that
examined all of the sludge samplingdataavailable (a total of 135 samples)concluded that the
moisturecontent of waste sludges rangedbetween 18 to 65 wt% (Toth et al. 1995).
Analyses of core samples from sludge _lcs 24i-C-108, -109, -112, T-107 and -111
(WHC 1995, Simpson et al. 1993a and 1993b, Valenzuela and Jensen 1994, Simpson 1994)
also supportthe conclusion of uniform moisturedistribution.

3.5.4.2 Evaporative Moisture Loss in Sludges. Evaporationof moisture from the waste
surface and naturalconvection between the tankheadspaceand the outsideair are the
primarymechanisms for moistureloss in w_te sludges. Moisture is lost from sludge as
convective processes remove heat from the sludge surface. The proportionof heat removed
by each process depends on the salt concentrationin the pore fluid (which lowers the water
vaporpressure), the radioactivedecay heat, and the natural (or forced)convectionexchange
with the environment. Waste thathas the greatestpotential for global dryout would be that
storedm high-heat-loadtanks, in tankswith forced _,entilation,or in tanksthat only containa

: small amountof waste (less than 20 cm deep).

A tank-by-tankevaluation has been performedfor passively andactively ventilated tanks
(Webb et ai. 1995) to estimate the moistureloss rate. The loss rates have been combined
with the estimates of currentmoistureto predictmoistureretentionfor an additional50 years
of storage. Tanks containing waste predictedto dry below safe levels have been identified
for furtherevaluation and possible controls.

Considerableknowledge is availableon moisturemigrationand moistureretention behavior
in sludge-like materials. With only a few exceptions, _ludgesretainsignificantmoisture, and
dryoutmechanisms are not significantfor tanks with low radioactive decay heat. Sampling

| of sludges to date has verified that sludges retainconsiderablemoisture. Therefore, furthersamplingfor chemical reactivity safety concernsis focused on surfacemoisture in the few
| exceptional?potentially dry sludge tanks. Samplingof sludgetanksexpected to retain

significantmoisture is given a low priority. Because moisturetends to be uniformly
distributedin sludges (see referencesand discussion Section 3.5.4.1), surface sampling is
deemed adequatefor characterizingwaste moisture. Full-depthcore samplingof sludges is
not necessary for determining sludgemoistureand is not emphasizedin the new approachto
safety characterization;however, analyses of full-depth core sludgesamples for moisture
content w_ continue in order to reinforcethe conclusionof uniformmoisturedistribution.

3.5.5 Moisture in Sattcake Waste

Moisture is retained in saltcak_ by physical-chemicalforces and as hydrates. However, the
forces holding moisture in _ltc_e waste are far weaker than those e_ddbitedin waste
sludges (Atherton 1974, Handy 1975, Metz 1975b, Kirk 1980, Epstein et al. 1994b). Less is

o
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known about the moisturecontent _d profiles in saltcake than for sludge, in large pan
becauseof limited sample data, It is importantto note that the concernis with the moisture
contentof saltcakeafterremoval of pumpabieliquids. Waste that still has a supernatant

• (aqueousliquid layer) contains too much moistureto supporta propagatingreaction.

3.5.$.1 Moisture Retention in Saltcake Waste. The moisture drainageand retention
'_ characteristicsof Hanford Site ufltc_e waste were studied in the 1970's as pan of the

interim stabilization campaign. Several studiesexamined saltc_e porosity, capillary height,
and residual moisture in saltcakeafter drainage(Atherton 1974, Handy 1975, Metz 1975a
and 1976, Kirk 1980).

Porosity estimates for Hanford Site saltcakes have ranged between 30 and 48%, but pumping
experience indicate_a porosity in excess of 30_ (DeWeese 1988). The best estimate for
capillary heights in saltcake waste is only 15 to 61 cm (sludges can hav_capillaryheights of

' over 610 cm). Duringinterim stabilization, most of the interstit_ Uquidwill simply drain
from the saltcake untilit reaches the saturatedzone dictated by the capillaryheight.
However, some moisturewill exist throt_ghoutthe saltc_e when the maximumamountof
interstitial liquidhas been removed by pumping(Handy 1975, Metz 1975a and 1975b).

The interstitial liquid remainingafterdrain'agewill occupy 10 to 20% of the sal_ void
volume (Handy 1975, Metz 1975a and 1975b, Klein 1990). Using a specific gravity of 1.4
for the interstitial liquid and 2.3 for the solids (Fleming 1958), and a porosity of 35 %, at
least 1.7 to 3.3 wt% moisture would be expectedto remainin saltcake afterdrainage. Data
from ._ltcake tanks thathave been interim stabilized have shown greatermoistureretention
(Neskas and Borsheim 1993, Boyles 1990). For example, analyses of the top 15 cm of
saltc_e in tank 241-BY-104 in 1992, eight years after interim stabilization,revealed a
moisturecontentof 15 to 17 wt% (Neskas and Borsheim 1993). Althoughresidual moisture

i in _tcake cannot be removed by any direct flow process, moisture could be removed by
evaporation (Handy 1975).

3.5.5.2 Evaporative Moisture Loss in Salteake. Once salteakewaste has been drainedto
_me Lrreducibleamount, additional moisture can be lost throughevaporation. Contrary to
what was discoveredfor waste sludges, saltcakewaste does not dry globally, and it is
possible to have moisture gradients. However, a lower bound moisturecontent for saltcake
is established by the equilibriummoisture content at the local temperatureand relative
humidity. Experimentation(Postma et al. 1994a, Fauske 1994) has shown that for an
average HanfordSite relative humidity of 55 %, the sodium hydroxideconcentrationcontrols
the minimummoisturecontent. Only limiteddata are availablefor salt_ composition, and
these show typical sodium hydroxideconcentrationsof only a few percent. Using these
values for sodium hydroxide cencentration, the minimummoisture level of saltcake waste at
equilibrium would only be about 5 wt%.

, Saltcake waste does not intrinsically retain sufficientmoisture (i.e., greater than 20 wt%) to
completely rule out propagatingchemicalreactions; therefore, furthercharacterizationis
required. Monitoringfor temperature and moisturewill continue, and additionalsafety

e
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characterization_ include_el andmoisturedel_rminafionfrom sampling.Effortswill
focuson thewastesurface,whichis at,greatestrisk for ignition(seeSection3.5.3). Dataon
fuelandmoisturecontentwill be collecW._lfromaugerandgrabsamplingasappropriate,
Moisture monitoring,may include liquid observationwell scans with neutronprobes
(Watson.1993)and electromagneticinduction (EMl) probes (Toffer 1995), and possibly
surface scans using F._vHor near-infraredprobes.

' 3,5.6 Fuel in W_te
0

Ferrocyanide fuels areonly found in sludge, and from historicrecords it is known thatonly
18 SSTs originally containedsignificant ferrocyanlde(Borsheimand Simpson 1991). The
ferr0cyanlde _ have low heat loads (McLaren1994a and 1994b, Crowe et al. 1993), are

._ passively ventilated, and containat least 60 cm of waste (Hanlon i994). From the moisture
discussion (see Section 3.5.4), sufficient moistureis present in ferrocyanide sludges to
prevent propagatingchemicalreactions.

Organic complexantsmay be found in sludge or saitcake. As with ferrocyanide,for those
cases in which organiccomplexants are embeddedin sludge, sufficient moistureis expected
to be present to preventpropagatingchemical reactions. However, there is evidence that
saitcake does not retaingreater than 20 wt% moisture (see Section 3.5.5). Therefore, the
potential for organic complexant-oxidizermixturesand low moisture cannotbe dismissed.

i A combination|of physical modeling and characterizationdata is requiredto determinethe

chemical reactivity of sal_ waste.

3.5.6.1 Distribution of l_el. Much is knownfTomthe process flowsheets (Sloat 1954 and
J 1955) about how ferrocyanidesludges were formed. Ferrocyanidesludges precipitatedas

fine particles and took a long time (more than 10 days) to settle, resulting in a fairly
homogeneous distributionof fuel in 12-cm-thicklayers (Meachamet al. 1994b, Postma et al.
1994a). Therefore, it is possible to make confidentconclusionson ferrocyanldefuel content
from a limited numberof fuU-depthcore samples (Meacham et al. 1994b). Data from
experiments (JeppsonaridWong 1993) and full-depthcore samples (Simpson et al. 1993a and
1993b, ValenzuelaendJensen 1994, WHC 1995) are consistentwith the fuel distribution
model. However, similar workon an organiccomplexantdistributionmodel has not been
completed.

Only limited information exists regarding the spatialvariability of organiccomplexants in
saltcake. However, the conditions underwhich saitc_kewaste was formed are known (waste
was partiallyevapor_.'_d,either in situ or _'qng vacuumevaporators, to reduce waste volume)
and the following inferencescan be drawn. A liquid-solidslurry formed in the evaporation
process, and upon cooling, additionalmaterialprecipitatedfrom solutionas solubilitylimits
were exceeded. The least soluble constituentsprecipitatedinitially, and the more soluble
constituentsremainedin solution. Consequently,it is expected that saltcake formed in layers
would exhibit little horizontalvariability, but could exhibit significantvertical variability. ,
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A preliminary model for fuel concentration in saltcake has been derived from recently
obtained data on the solubilities of significant organic complexants in tank supernatant
solutions (Barney 1994), To confirm this model, additional experimentation on organic

• complexant salt solubilities, sampling of saltcake interstitial liquid, and sampling of the upper
surface of saltcake solids will be conducted, Auger or grab sampling could be used to
examine whether organic complexants are present in the surface of saltcake waste, lt is

• expected that organic complexants will be in solution in interstitial liquid and that interim
stabilization will remove organic complexants from the tanks. The current safety screening
logic (see Section 4.1) does not depend on this work.

3.5.6.2 Waste Aging. As discussed earlier (see Section 3.5.4), ferrocyanide waste retains
considerable moisture, and full-depth core sampling is not required to verify interim safe
storage. However, core sampling does provide useful information on the remaining fuel
concentration. Ferrocyanide waste stored in Hanford Site tanks has been exposed to caustic
solutions and radiation for nearly 40 years (Babad et al. 1993). Long-term degradation
(aging) of ferrocyanide is known to have occurred through fundamental chemical processes in
the waste (Lilga et al. 1993 and 1994). Analyses of ali the core samples taken from
ferrocyanide tanks thus far (this includes tanks 241-C-108, -109, -112, and 241-T-107)
revealed fuel values about an order of magnitude less than the original flowsheet
concentrations (WI-IC 1995, Simpson et al. 1993a and 1993b, Valenzuela and Jensen 1994).
Additional full-depth cores will be taken from ferrocyanide waste having the least conducive

• conditions for aging. If the results confirm significant aging has occurred in these tanks,
then no more tanks will be sampled to determine ferrocyanide concentration.

Organic complexant and solvent wastes stored in Hanford Site tanks have also been exposed
to conditions of high temperatures, radiation, and strong caustic solutions. Experiments on
waste simulants have shown that organic complexants and solvents will degrade to less
reactive forms when exposed to Hanford Site tank conditions (Camaioni et al. 1994).

i Additional information on organic aging will be obtained from simulant experiments and
' sampling. Sampling includes auger and grab samples, and possibly full-depth cores.

3.6 CRITICALrFY

Safety attalyses (Braun 1994) performed for the criticality safety issue concluded that a large
margin of subcriticality exists in the current storage mode. This conclusion was based on:
(1) the waste was highly subcritical when it was transferred to the tanks and no credible
mechanism was found to concentrate the fissile material preferentially in the tanks;
(2) available sample analyses have shown concentrations of fissile material that are orders of
magnitude below the minimum critical concentration (the highest k= calculated was only
about 0.1); and (3) the fissile material was accompanied by an excess of neutron absorbers
when placed in the tanks, which would help maintain subcriticality.
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Sampling specificallyfor criticality is not requiredto maintaininterim safe storage.
However, analyses for fissile materialwill be conductedon sludge waste samples as they
become available, regardlessof whetherthe samplingwas performedfor safety
charac_rization, pretreatment,or retrieval. Ttlese analyseswill be used to help reinforce the
conclusion on subcriticality.

3.7 mGH HEAT

The high-beat safety issue is focused on the potential for release resultingfrom a heat-
induced structuralfailure of a tank. This includesonly SSTs, because the DSTs were
designed for safe storage of high-heatwaste. There are eight tanks(Bander1994) with heat
loads above 11,700 watts, the heat load criteriafor SSTs (Pauly and Torgerson 1987). Of
these tent's, only tank 241-C-106 requiresforced cooling to keep temperaturesbelow
149 °C, and this tankis the only lfigh-heattank on the WatchList (see AppendixA).

All of the high-heattanks can be identifiedthroughtemperaturemeasurementsand thermal
modeling, and additionalchemi'c_flspeciationto identify potential high-heat tanksis not
necessary.

3.8 AMOUNT OF CHARACTERIZATION REQUIRED

To determine how much characterizationis required, a cost/_nefit analysis is necessary.
A cost/benefitanalysis incorporatesanalysesthatdescribe: (1) a set of mitigation options
available for each tank (one option always includedis to do nothing);(2) the consequencesof
each mitigationoption given the true stateof the tank; (3) the "costs"of each consequence
and mitigationoption, expressed in a common unit (such as doll,s or man-remexposure);
and (4) the currentlyestimatedstate of a specific tank (i.e., m_isture and fuel content).
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4.0 APPROACH TO SAFETY SCREENING

q

• Several factors strongly influence the approzch to safety screening. Experiments and
analyses have shown that a minimum energy equivalent fuel content of 1200 J/g is required
to support a propagating reaction,. Studies also indicate that moisture content greater than
20 wt% will prevent condenseo-phase propagation, even if the conditions of fuel and oxidizer
are sufficient. :Ieadspace vapor sampling can identify tard_scontaining organic solvent.
Headspace sampling and/or monitoring can also iden_,_ tanks containing significant
quantities of flammable gas or noxious vapors. The focus of safety screening thus becomes:

• Detecting flammable gases, noxious vapors, and organic solvents through headspace
vapor sampling

_. • Determining waste surfac, moisture content through _ampling or in situ moisture
!1

monitoring
=

• Determining fuel content, if the moisture content is below 20 wt%.

Headspa_ vapor sampling or ongoing vapor monitoring wiU be used to identify gas phase
| safety issues. Moisture content can be determined by sampling, surveillance (surface liquid),

or monitoring. Fuel content may be predicted from historic information, but this will need
to Lmcorroborated by sampling the headslmce, supematant, interstitial liquid, and/or
condensed phase.

4.1 SAFETY SCREENING LOGIC

The logic chart for safety screening is shown in Figure 4-1 and the screening steps are
discussed below. The details and justification for the information required to make decisions
are discussed in Section 3.0.

Step 1: Tank-by-tank evaluations of process flowsheets, waste transfer records,
historic and present monitoring data, and available sampling results will be
performed. This information will help prioritize tanks for further evaluation.
If it can be concluded from these evaluations that waste conditions are within

the approved safety envelope for safe storage, and worker protection guidelines,
then sampling would be limited to that required to ensure that waste conditions
remain widdn the safety envelope (Step 8). Evaluations will continue in
parallel with screening to ensure that results of ongoing analyses, which may
reduce the need to sample, are factored into the screening process.
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Step 2: Headspacevapor sampleswLtlbe ob_ned for threepurposes:

2A. Check for flammability. If concentrationsexceed pre-determined
• requirements,additionalmonitoring, sampling, or mitigation maybe required.

These mit_.gationor controlactions will be performedin Step 3A. Resampling
• " of the headspacemay be requiredin some cases to ensure effectiveness of

' mitigation before proceedingto Step 4.

2B. Check for noxious vaporconcentration. Controls may be required if vapors
are detectedabove CES concentrations,or if any gas phaselimits are exceeded
(Step 3B).

2C. Determine if tankheadspacecontainsorganicsolvent vapors. Samples will be
analyzed to detect semivolatile organic solvents. Analyses will screen for both
anticipated and unexpectedanalytes. If solvents are detected, the location may
be determined or propermitigation/controlsapplied(Step 3C)°

i

Step 3: Tank waste that exceeds any limits identified in Steps 2A, 2B or 2C will
requireimplementationof appropriatecontrols or mitigationas describedin
Steps 3A, 3B, and 3C.

3A. If flammable gases are observed at concentrationsgreaterthan25 % of the
LFL, ,_cific controls (WHC 1994) must be implementedduringall operations

: in and above the tank (use of spark-freetools, groundingof conductive items,
securing of tools used in or above an open tank). Monitoring will be required
during operations. Mitigation (ventilation or inerting) may be required.

3B. If noxious vapors are observed at concentrations grater than the CES, worker

safety controls, which may include the use of self-containedbreathingapparatus, will be considered. Monitoring will be required during operations.
Mitigation (ventilationor inening) may be required.

3C. Tanks that exceed the limits in Step 2C are expected to contain organic
solvents. A liquid grab sample and/or a near-surfacesample wiU be obtained
to measure organic mlvent concentration. If oniy low fuel values are present
at the waste surface (see Section 3.5.3), then safe storage may proceed without
mitigation.

Step 4: Visual inspections of the waste surface will be used as an initial screening for
moisture. Ali DSTs and about five SSTs arc expected to fall in this category.

Step S: Waste without a supematantwill require near-surface moisture determination.
. If the moisture content is less than20 wt%, the fuel content will be evaluated

in step 6. If moisturecontent is above 20 wt%, but the waste shows a high
potential for drying (e.g., because of high temperature), fuel content will be

e
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evaluated. Otherwise,no furthersafety screening samplingwill be required,
and safety screening will proceed to St_ 8. The need for continuous
monitoringor periodic samplingwill be evaluated for each tank as partof
Step 8.

Step 6: If moisturecontentis not adequate, fuel concentrationwill be determinedfor
the waste surface. Determinationof fuel contentin the near-surface samples is
expected to be adequate, because credible initiation events occur at the waste
surface. If fuel content is below 1200 J/g, safe storage may proceed without
mitigation. Otherwise, corrective actions may be required.

Step 7: Mitigation and/orcontrols will be required if the waste is dry and reactive.
The moisturecontent of the waste will be incx'_l by an approved method,
or stringent controls will be implementedto prohibit initiators.

Step 8: Ensuring continued safe storage requirescognizance of possible changes
occurringover time. Drying of moist waste must be considered, as well as
changes (e.g., increasing waste viscosity) that may lead to retention of
flammablegaseso

4.2 DEFICIF_ICIF_ IN THE PREVIOUS APPROACH

The previous approachto characterization (DOE 1994) did not integrate existing knowledge
with the desire to identify potential safety issues. Characterizationwas based primarilyon
the assumption that full-depth core samplingwould provide the necessary and sufficient
information for programmaticdeeisions on interim safe storage, retrieval, and disposal.
Headspace vapor samplingwas limited to specific concerns of flammability on a few select

i tanks. As a result, the initial screenh_geffort focused on obtainingfull-depth core samples
_! of tank waste and analyzing the Chemicalcomposition tO determine whether fuel-

s concentrations exceeded safe concentrations. Shortcomingsto this approach include:

• Waste changes over time were not adequately considered.

• Properties of th,_condensed-phase waste samples taken by core sampling have limited
value in predicting problems with the vapor phase; i.e., generation of flammable or
noxious gases.

® The approach did not take full advantage of existing data, and underused headspace
vapor sampling.

• The limitation in waste sampling equipmentwas not recognized, and further
equipment development is time consuming and costly.

4-4
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, ® Access to the tank waste is limited to locationsdirectly below a few existing access
ports, allowhig very few samples to be taken. The samples taken at these locations
may not be representative of the total waste volume, because of waste heterogeneity.

. Physical constraintsmake it unlikely that an effort to show at"absence of fue_in the
'_vastewould be gmely and cost-effective,

• • Assessments of waste parametersw_re to be based only on a few sampl.esof waste.
The few samples would have low statisticalconfidence for some parameters,and
models for distributionof many parameterswere not available.
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= 5.0 RESOLUTION OF EACH SAFETY ISSUE

. Section 4.0 discussed screening of tanksto determineif a safety issue is present. The
informationobtainedwill be coupled withother informationto ensure that the safety issues
areresolved, or the tanksmitigated. This section briefly discusses resolutionof specific

' safety issues using al]Lavailable sourcesof information.
14

. , • Ferrocyanide

Recent laboratorywork with simulant_]and core samplingresults (see Section 3.5.6)

i indicate that ferrocyanidedegrades (ages)under alkalineconditions. Core sampling

will be conductedto confirmaging in those waste tankshaving the least conducive
conditionsfor aging (i.e., waste tankswith low pH, low radiationdoses, and low
temperatures). These results are expected to show that the ferrocyanidehas aged to
low concentrationsthat are safe. If this model is confirmed, additionalcore sampling

i of all ferrocyanidetanks to ensure interim safe storage will not be required.® OrganicComplexants
]

_1 Moisture concentrationwill be controlled and monitored to ensuresafe storage of
fuel-sufficient organic complexantwaste until the waste is retrieved or the organic
complexantsage to safe concentrations. Models regarding degradationof organic
complexants will be furtherdeveloped and tested, and may supportfuture resolution
of the organic complexant safety issue.

® Organic Solvent

Vaporsamples will be used to identify tanks containing organicsolvents. If the waste
contains a flammable mixtureof organicsolvent and waste solids that is easily
ignited, then mitigationor controls againstinitiation may be required.

• Flammable Gas Tanks

Generation,retention ,h'tdrelease of flammablegases can be steady-stateor periodic
phenomenathat are not well characterizedby single-time samplingevents. Standard
hydrogenmonitoring systems wiU continuouslymonitorthe headspaceof the
Fhunmable Gas WatchList tanks,and installationwill be completedin April 1995.

Anotherpart of this safety issue is concernedwith the amountof gas that is stored
within the waste. Currentestimates of the stored gas content come from analysis of
surface level and waste temperature data. Based on the experience and analyses for
tank 241-SY-101, several methods can be used to estimate the volume of gas stored in¢

the waste. Hczdspace monitoringwill detect steady-stategas release and the episodic
releases; however, the episodic re_easeswill not necessarilyrelease all of the stored

5-I
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gas. Direct measurementof the storedgas will be a critical item for resolutionof this
safety issue.

If the headspaceflammablegas concentrationexceeds 25 %of the LFL, or if the
estimatedstored volume exceeds a specifiedamount (this will be set from safety
assessments), mitigativeactions mustbe considered. Monitoringwill be conducted
until the tankcontents are retrieved. ,

• Noxious Vapors

A tank-by-tanksamplingapproachis being pursued to resolve the noxious vapor
issue. Vapor samplingwill be conductedm the headspacesof the _d_s at the
HanfordSite. If there is a potential for worker exposure to noxious vapors above
CES concentrations,worker safety controlswill be considered. Headspace
monitoringmay be requiredduringoperationsin tank_that have been identified as
containingnoxious gases. Mitigation (ventilationor inerting) may also be required.

® Criticality

[] Analyses for fissile materialwill be conductedon sludge waste samples (takenfor
| safety characterization,pretreatment,or retrieval) as they become available. These

| analyses will be used to help reinforcethe conclusion on subcriticality.

• High Heat

Tank 241-C-106 is the only tankidentifiedas having a high-heatsafety issue. The
temperaturein this tank will be monitoredand controlled until retrieval (tank
241-C-106 is the first candidatefor retrieval).

® Long-RangeMonitoring of HanfordSite Waste Tanks

lt is apparentthat long-range monitoringwill be required for some of the waste tanks
until retrievaland vitrification. This incJudesnear-surface moisture monitoring,
continueduse of standardhydrogenmonitors, headspacesampling, and liquidlevel,
waste level, and temperaturemonitoring. An outline identifying the scope of long-
range monitoringwill be completed in mid-April 1995; the outline will also specify a
completion date for a long-range monitoringplan.
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6.0 CONCLUDING REMARKS

, An approachto characterizationfor screeningtank waste for safety issues and resolutionof
those issues was presented. A_ examinationof the potentialsafety issues ha.qshown thatthe
informationrequirementscan be met using a combinationof data that includes heads_ce

' sampleanalysis, tank historicalrecords, monitoringand surveillance information,
experimentalresults on simulatedand real waste, modelingresults, samplingof interstitial
liquid or supernatant,and analysesof waste samples.

Judicious temperaturemonitoringand headspacemonitoringwill be effective ways to obtain
early warningof reactionsthathave not beezlpredicted. Waste moisturewill inhibit
reactions, and temperaturecan be an initiator for exothermicreactions. Ensuring high
moisturecontent or low temperature(i.e,, controllinginitiators)is an effective approachfor
preventingboth known and unknownreactions.

The information provided in this document was summarizedfrom several sources and gives
an overview of the directionof Waste Tank Safety Programcharacterization. Although the
approach to characterizationis summarizedhere, the full technicalbases are provided in the
individualsafety analyses cited in the report. The detailson quantity, quality, and frequency
of characterizationare covered in the data quaLityobjective documents for each specific
safety issue.

i

=i
.=

I

L • ii i _ i , i • i, ,i ,|... , _ i , ii iii ,

@1

' ,'i,""" ,_,,mlr_..... ,,,,.... Ippln_,',',"e_p_,li,,,'',',I,le,_,, ,_Pi'Ii" '""p',,,r,,,,, '" '"'_ * 'l'liqfl_"'l_i['r'_



WHC-EP-0843

........... .... : : ' , if i /
a-- j ii , j , I J '' J J, lJ J J J JJ J r • ' ........... ,, : . l,[J7

This page intentionally left blank,

J

..... T,...... ,, ,H,, m ,rr, , c .....,.... ........ ,mrr,,,li, .... Iqll' 'iii'"' _pI 'rl ...... IF til' I'11_1' qr ii',1,1' 'rqTl' _'=11 .... Pllrl..... rll ' ,,r'lr '11 'l_ .... fl II1"111' I_ 'ep,-,,r,, '1_ '_



WHC-EP-0843

lmt,,_m,, ,,, ,_, , ' _....... _:.............. ....... ' _' "'" ' , ..:i - ,,,,, , , l ...... i ,,,,,,, , , , ,, ,,,,,, ] .... ,,, ,, , ,, ............................... li [ I li I " I I Illlll [ .... [ _ " "...... iiiii i Illin!lln I Ininl __[.. . ;

_, ' 7.0 REFF_ENCES

. Atherton, }. A., 1974, Prediction of Liquor Retention in Saltcakes and Sludges,
ARH-CD-230, Atlantic Richfield Hanford Company,Richland, Washington.

' Babad, H., J. E. Meacham, B. C. Simpson, and R. J. Cash, 1993, The Role of Agtng in
Resolving the Ferrocyantde Safety issue, WHC-EP-0599, WestinghouseHanford
Company,Richland, Washington.

Bajwa,1J. K., 1994, Construction, Matmenance, and Operational Activities Analysis
Summaries, WHC-SD-WM-SARR-009,We:_'inghouseHanfordCompany, Richland,
Washington.

'Bander,T. J., 1994, Evaluation of Heat Sources in High-Heat Single Shell Tanks,
WHC-SD-WM-ER-333,Pev. 0, WestinghouseHanfordCompany,Richhmd,
Washington

Barney, G, S., 1994, The Solubilities of Stgn_cant Organtc Compounds in HLW Tank
Supernatant Solutions, WHC-SA-2565-FP,Westinghouse Hanford Company,
Richland, Washington,

Borsheim, G. L., and B. C. Simpson, 1991, An Assessment of the Inventories of the
Ferrocyanide Watch List Tanks, WHC..SD-WM-ER-133,Rev. 0, Westinghouse,
HanfordCompany, Richland, Washington.

Boyles, V. C., 1990, Single-Shell Tank Stabilization Record, WHC-SD-RE-TI-178,Pev. 0,
WestipghouseHanford Company,Richland, Washington.

= Brager, H. R., 1994, Swnmary of Information on Flammable Gas Watch List Tanks,
WHC-EP-0711, WestinghouseHanfordCompany,Richland, Washington.

Braun,D. J., 1994, High Level Waste Tank Subcriticality Sofety Assessment,
WHC-SD-WM-SARR-003,Rev. 0, WestinghouseHanfordCompany, Richland,
Washington.

t

Cady, H. H., 1993, Evaluation of Ferro_anide/Nltrate Explosive, l-J'i_ard,
LA-12589-MS, Los Alamos NationalLaboratory,Los Alamos, New Mexico.

Camaioni,D. M., W. D. Samuels, B. D. Lenihan, Sr A. Clauss, K. L. Wahl, and
J. A. Campbell, 1994, Organic Tanks Sofety Program Waste Aging Studies,_

PNL-10161, Pacific Northwest Laboratory,Richland, Washington.

.

_. i i[ ] i i iiq;i i . i ii iiiiii ii Illll IIII I .... I I I IIIII III 'ILL1 I .
. In I J I li I I Hl li II li I mm**nmmammm_

7-1

'I11' ,I ,Illi ,, ,_,,_I R....... ',_' ?,_ ' ilri,e'el_l........ Irir, i_"l[,i ',,' li_pI ..... IT[III ......... Iliill I......... llq ' ,e,,Ir "fi_lI' ',,",ipWl,[ll_,,,lll,,, H,,I_i ,_r,,,



' ' WHC-EP-0843 '

I I ] ] I .............. ' ........ " ..... " "" ':::::_': " .:: " .... I ............ i..... Iii II I li IJl ...... JIII I "llJl I I IILJ. ........... III' illl, Illllf I ii I i ....... IUI J II II Illl . I ,

Claybrook, S. W., and S. A. Wood, 1994, Organic Evaporation in Waste Tank C-103,
WHC.,SD-WM-ER-344, Rev. 0, Westinghouse Hanford Company, Richland,
Washington,

e

Cflppen, M. D., 1993, Barometric Pressure Variations, WHC-EP-0651, Westinghouse
Hanford Company, Richland, Washington

Crlppeh, M. D., 1994, Ferrocyanide Sqfety Program: Moisture Migration Test in
Ferrocyantde Stmulant, WHC-EP-0800, Westinghouse Hanford Company, Richland,
Washington.

Crowe, R. D., M. Kummerer, and A. K. Postma, 1993, Estimation of Heat Load in Waste
Tank_ Using Average Vapor Space Temperatures, WHC-EP-0709, Westinghouse
Hanford Company, Richland, Washington.

i

DeWeese, G. C., 1988, Observed POrosities of Single-Shell Tank Waste Saltcakes and
Sludges, WHC-SD-WM-TI-3,_8, Rev. 0, Westinghouse Hanford Company, Richland,
Washhlgton.

DOE, 1994, Recomnlendatton 93-5 Implementation Plan, DOE/RL 94-0001,
U.S. Department of Energy, Richland Operations Office, Richland, Washington.

i

Epstein, M., Iri. K. Fauske and R. L Cash, 1994a, Conditions for Reaction Propagation in
Dried Ferrocyantde/Nttrate-N!trite Powders, WHC-SD-WM-TI-619, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

Epstein, M., H. K. Fauskc, M. D. Crippen, D. R. Dickinson, J. D. McCormack,
R. J. Catch, J. E. Mcacham, and C. S. Simmons, 1994b, Ferrocyantde Sqfety
Prograrr_: Assessment of the Possibility of Ferrocyanide Sladge Dryout,
WHC-EP-0816, Westinghouse Hanford Company, Richland, Washington.

i H. 1992, Adiabatic Calorimetry and Reaction Propagation Rate Tests with
Fauske, K.,

. Synthetic Ferrocyantde Materials Including U Plant-I, U Plant-2, In-Farm-I,
In-Farm-2, and Vendor-Procured Sodium Nickel Ferrocyantde,
WHC-SD-WM-RPT-054, Pev. 0, Westinghouse Hanford Company, Richland,
Washington.

Fauske, H. K., 1994, Moisture Loss Estimates for Hanford Single-Shell Tanks, FAI/94-114,
Fauske and Associates, Inc., Burr Ridge, ILlinois.

Fauske, H. K., 1995, The Contact-Temperature Ignition (CTI) Criterion for Propagating
Chemical Reactions and Application to Hanford Waste, FAI/94-103, Fauske and
Associates, Inc., Burr Ridge, Illinois.

*

_, i . i i,, i i | i . i i | ,|,l ,,,,

7-2

........ i, 'lll .............. _"' .... _'"II, ,,, """lli"' i, ............. ,,, ' " _,' lr ..... ,,"' _ri'"P'li" '_" _"_ "'IIll'l' ' .... II..... ,,,II_M,,I:,,'lell_11_,lll"',?l, ll_,"",r'lll



q j

wHc.-0s43
_:_-_ i ,*................... " ......._.... " .... ...... '....... _ ................................

_ ' ...... ..... LI II II.. IJl _, .,F_'_l_,l_ _ I _ ' ..... I ........ ....... : ' ii iP

Fleming, R. F., 1958, A Compilation of Physical and Chemical Properties of Materials and
Streams Encountered tn the Chemical Process Depan'ment, HW-57386, General
Electric Hanford Atomic Products Operation, Richland, Washington.

s

Fowler, K. D., and R. D. Graves, 1994, Decision Analysis for Continuous Cover Gas
Monitoring of Ferrocyanide Watch List Tanks, WHC-EP-0743, Westinghouse Hanford

' Company, Richland, Washington.

Graves, R, D., 1994, Topical Report on Flammable Gases in Nonburptng Waste Tanks,
WHC-SD-WM-SARR-015, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

Handy, L. L, 1975, Flow Properties of Saltcake for Interstitial Liquid Removal/
Immobilization Development Program, ARH-C-6, Atlantic Richfield Hanford
Company, Richland, Washington. q

Hanlon, B. M., 1994, Waste Tank Szmenaryfor the Month Ending December 31, 1994,
WHC-EP-0182-81, WestinghouseHanford Company,Pdchland,Washington.

Hopkins, J. D., 1994, Criteria for Flammable Gas Watch List Tanks, WHC-EP-0702,
Rev. 0, WestinghouseHanford Company,Richland, Washington.

Huckaby, J. L., andM. S. Story, 1994, Vapor Characterization of Tank 241-C-103,
WHC-EP-0780, Rev. 0, WestinghouseHanford Company,Richland, Washington.

1

Jeppson,D. W., and J. J. Wong, 1993, Ferrocyantde WasteSimulant Characterization,
WHC-EP-0631, WestinghouseHanford Company,Richland, Washington.

=

Ydrk, J. J., 1980, Permeability, Porosity, and Capillarity of Ha_ord Waste Material and Its
Limits of P, mpability, RHO-CD-925, Pev. 2, Rockwell Hanford Operations,

i Richland, Washington.Klein, M. J., 1990, Single-Shell Tank Interim Stabilization Criteria Review,
WHC-SD-WM-DIC-005, Rev. 0, WestinghouseHanford Company, Richland,
Washington.

Kreith, F. andW. z. Black, 1980, Basic Heat Transfer, Harper & Row, Publishers,
New York, New York.

Kummerer, M., 1994, Topical Report on Heat Removal Characteristics of Waste Storage
Tanks, WHC-SD-WM.SARR-OIO, Rev. 0, Westinghouse Hanford Company,

. Richland, Washington.

" ,'_11,' ..... I l llI......n.... _, ,,,pi ,ir__- rq', ,ila ,, ii,_,,illiPllF .... lql, IIl,,iI ........... lr , i ii , IIIIHI' 'q, '"rlll 'I..... I,,= i,, ,'IIII, ' ' '.... pl=_'III lqI"ll HI 'll ...... qf'irl,r lq=_ll Vllq, iH ,IVa , N I_ Pl i,



WHC-EP-0843

i iii i i i i ..... ..a i ill i Jl ii ii I '1,o-- Jl ........... :ii i ii _ i i ii i i iii _L I U I I l I II I LI -- .

Lilga, M. A., M. R. Lumetta, and G. F. Schiefelbein, 1993, FerrocyantdeSqfery Project,
Task 3 Aging Studies, FY 1993 Annual Report, PNL-8888, Pacific Northwest
Laboratory, Richland, Washington.

Lilga, M. A., E. V. Alderson, M. R, Lumetta, and G. F. Schiefelbein, 1994, Ferrocyantde
Sqfery Project, Task 3: Ferrocyanide Aging Studies - FY 1994 Annual Report,
PNL-10126, Pacific Northwest Laboratory, Richland, Washington.

McLaren, J. M., 1994a, Ferrocyanide Sqfety Program: Thermal Analysis of Ferrocyantde
Tanks, Group I, WHC-EP-0729, Westinghouse Hanford Company, Richland,
Washington.

McLaren, J. M., 1994b, Ferro_anide Sqfety Program: Ther_l Analysis of Ferrocyantde
Watch List Tanks, Group II, WHC-EP-0794, Westinghous_ Hanford Company,
Richland, Washingtom

Meacham, J. E., R. J. Cash, and G. T. Dukelow, 1994ay Quarterly Report on the
Ferrocyanide $ofety Program for the Period Ending September 30, 1994,
WHC-EP-0474-14, Westinghouse Hanford Company, Richland, Washington.

Meacham, J. E., R. J. Cash, G. T. Dukelow, H. Babad, J. W. Buck, C. M. Anderson,
B. A. Pulsipher, J. J. Toth, and P. J. Turner, 1994b, Data Requirements for the
Ferrocyanide $_'ety Issue Developed Through the Data Quality Objectives Process,
WHC-SD-WM-DQO-007, Pev. 0, Westinghouse Hanford Company, Richland,
Washington.

Metz, W. P., 1975a, Capillarity Demonstration, (internal memorandum to R. C. Roal,
March 26), Atlantic Richfield Hanford Company, Richland, Washington.

Metz, W. P., 1975b, Preliminary Evaluation of the Affects of Capillary Forces on Stabilizing
Hanford Waste Saltcakes and Sludges, 0ntemal memorandum to R. J. Thompson,
September 9), Atlantic Richfield Hanford Company, Richland, Washington.

Metz, W. P., 1976, A Topical Report on Interstitial Liquid Removal From Hanford
Saltcakes, ARH-CD-545, Atlantic Richfield Hanford Company, Richland,
Washington.

Neskas, J. W., aral G. L. Borsheim, 1993, Data Interpretation Report on Tank 241-BY-104
Auger Samples, WHC-SD-WM-RVT-O68, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

Nichols, B. D., S. W. Eisenhawer, and J. W. Spore, 1994, Bounding Gas Release
Calculations of Flammable Gas Watch List Single-$heU Tanks, LA-UR-94-1323, Los
Alamos National Laboratory, Los Alamos, New Mexico.

i

- 7-4

' ' I_'I II_" Iq fl I III I t qll IllI_ePuIllnHIIIq r lrr _'ppli 1ni il_ il,nMmln_,rlp_Ir,_1,,qpp,nF,:rrl,pipll,riiqplq,,,_,nlllIlVlIp , el[ll'lllq_ q,r,pglqrneI'r'[l ;lqIlll;]IIl'Ill'"['_Ilil[iqi_ll'"Pl'rq'llVllllh' ,,,,,r_p,ItrM ,ill,ii lp _I_p=_,_r_p_r_nlr_fi[_p_¢_vq_qfIIln'fgl'Irlll_llKllll"_rlrV'IIlq'r"IrlllPll;IuI'IIInlIIIr""PIIITI'KNIPlF



WHC-EP-0843

I

Osborne,J.W., andHuckaby,J.L.,1994,ProgramPlanfortheResolutionofTankVapor
Issues,WHC-F,P-0562,Rev. I,Westinghous_HanfordCompany, Richland,
Washington.

Pauly,T. R.,and M° M. Torgerson,1987,TanksI05-Cand I06-CStabilizationStudy,
RI-IO-ItE-EV-97,XockwellHanfordOperations,Richland,Washington.

J

Pool,K. H.,andR. M. Bean,1994,AnalysisofLiquidSamplesfromHanfordWasteTank
241-C-I03,PNL-9403,PacificNorthwestLaboratory,Richland,Washington.

Postma,A. K.,J.E.Meacham, G. S.Barney,G. L.Borsheim,R. J.Cash,M. D. Crippen,
D. R. Dickinson,J.M. Grigsby,D. W, Jc'l_son,M. Kummerer,J.M. McLaren,
C, S.Simmons,and B. C. Simpson,1994a,FerrocyanideSafetyProgram:Safety
Criteriafor Ferrocyanide Watch List Tanks, WHC-EP-0691, WestinghouseHanford
Company, Richland, Washington.

Postma, A. K., D. B. Bechtold, G. L. Borsheim, J. M. Gdgsby, R. L. Guthrie,
M. Kummerer, M. G. Plys, and D. A. Turner, 1994b, Safety Analysis of Exothermic

= Reaction Hazards Associated with the Organic Liquid Layer in Tank 241-C-103,
WHC-SD-WM-SARR-001, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

Scaief, C. C., 1991, Hydrogen Ignition Capability of Tank Farm Instrumemation &
Electrical Equipment, WHC-SD-WM-F.S-i76, Rev. 0, Westinghouse Hanford
Company, Richland, Washington.

Sederburg, J. P., and J. A. Reddick, 1994, TBP and Diluent Mass Balances in the Purex
Plant m Hanford 1955 - 1991, WHC-MR-0483, Rev. 0, Westinghouse Hanford
Company, Richland, Washington.

Simpson, B. C., G. L. Borsheim, and L. Jensen, 1993a, Tank Characterization Report: Tank

241-C-109, WHC-EP-0668, Westinghouse Hanford Company, Richland, Washington.

Simpson, B. C., G. L. Borsheim, and L_ Jensen, 1993b, Tank Characterization Data Report:
Tank 241-C-112, WHC-EP-0640, Rev. 1, Westinghouse Hanford Company, Richland,
Washington.

Simpson, B. C., 1994, Tar_k 241-T-111 Characterization Report, WHC-EP-0806,
Westinghouse Hanford Company, Richland, Washington.

Sloat, R. J., 1954, TBP Plant Nickel Ferrocyanide Scavenging Flowsheet, HW-30399,
General_ectficCompany,Richland,Washington.

Sloat,R. J.,1955,In-FarmScavengingOperatingProcedureand ControlData,HW-38955,
Genexai_ivctricCon_1._u,y,"-"'"-" _7..,._,_,,,,,,,,,,IL%JL_laaa,ill,I, _v ra_aaataabq,_o-,,

7-5

,,,,l ,,, ....... i, ,i ,. TIl

'pl,'p,el ,i_ Pi ,,,r,, ' r, ,, ,I' r, ,iir PplIP"Ip' T,rl_,,, 111'" '_ ' '",UIi',_l'l'_'r"PlpilT'P1"l_"_IrP_q_qlI rl'II_'"'_irl.... II' II ,rl lllllri[_,_ ,lr



WHC-EP-0843

Spore, J. W., S. W. Eiscnhawer, M. Ross, and E. Rodriguez, 1994, Double-Shell Tank
Bounding Analysis, LA-UR-94-2088, Los Alamos National Laboratory, Los Alamos,
New Mexico.

Toffer, H., 1995, Vendor Survey for the Electromagnetic Induction (EMl) Logging Project,
(internal memorandum to G. T. Dukelow, January 10), Westinghouse Hanford
Company, Richland, Washington.

Toth, J. J., P. J. Heasler, C. C. Willingham, and P. D. Whitney, 1994, Organic Carbon in
Hanford Single-Shell Tank Waste, PNL-9434, Pacific Northwest Laboratory,
Richland, Washington.

Toth, J, J., P. G. Heasler, M. E. Lerchen, J. G. Hill, and P. D. Whitney, 1995, Analysis of
Organic Carbon and Moisture in Hanford Single-Shell Tank Waste, Pacific Northwest

: Laboratory, Richland, Washington.

Valenzuela, B. D., and L. Jensen, 1994, Tank Characterization Report for Single-Shell Tank
241-T-107, WHC-SD-WM-ER-382, l_ev. 0, Westinghouse Hanford Company,

: Richland, Washington.

Watson, W. T., 1993, Proof of Principle Report for In-Tank Moisture Monitoring Using an
Active Neutron Probe, WHC-EP-0695, Westinghouse Hanford Company, Richland,

o Washington.

Webb, A. B., D. M. Camaioni, J. M. Grigsby, P. G. Heasler, B. Malinovic, M. G. Plys,
J. L. Stewart, J. J. Toth, and D. A. Turner, 1995, Preliminary Safety Criteria for

: Organic Watch List Tanks at the Hanford Site, WHC-SD-WM-SARR-033, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

WHC, 1992, Standard Hydrogen Monitoring System Design Description,
WHC-SD-WM-SDD-001, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

WHC, 1994, Operating Specifications for Watch List Tanks, OSD-T-151-00030, Rev. B-2,
Westinghouse Hanford Company, Richland, Washington.

WHC, 1995, 45 Day Safety Screen Results for Tank 241-C-108, Augers 94-012, 94-014, and
94-015, WHC-SD-WM-DP-082, Rev. 0, Westinghouse Hartford Company, Richland,
Washington.

Wilkins, N. E., 1995, Results of Gas Monitoring of Double-Shell Flammable Gas Watch List
Tanks, WHC-SD-WM-TI-682, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

i •

=

|li
iHi i., i.....

lE

7-6

_:

,,,, IH_' . r.'l'IIr ,' ll'_,,.' , II ",' Irl..... _,.rqll ..... in. P,l'rl ' "1_1rl'rI?Irl_l,_:,l,I1,1,,,_, rln" ",l,n ',,i rl_l rq.lllp... I.iI_III .i¢.l]lll ....... IIFI]l " '11 qnlPll'llll_III'' _l'Ip!l ' ' IIII'" "1r'



WHC-EP-0843

Wood, S. A., 1993, Gas Space A,aiysis of Tank C-109, WHC-SD-WM-ER-183, Rcv. 0,
Westinghouse Hanford Company, Richland, Washington.



WHC-EP-0843

This page intenfionaUy left blank.

ii
.!J_
ql

°._n

78

'nl,,,_............... Irl',"'irlv....... ntr"'" "' ,,,_,,, ',1¢ ,,_,'_ u_l.... nr,,",rl _rll'"'..... ,H......... ,,,niqlaI'ln,'pqIl_,'lSl'lla""_T__,,pl.......i,_?,_lq_llil!llpprl_i,_l,I t,ll,lqil_r,_rrilqe_' 'fl_lll rqqlije'J'l'NPTllqI_lr_l'irlJe'll!lJ "lJ_IIJ !r!_jllJJllJqllIlllj Jl



WHC-EP-0843

AP]P_NTDD[A

TANKS CURRENTLY ON THE WATCH LIST

J

A-1

........ r,, II1' ....... I ,rq...... ,, r-,,_ ',TVlqMI........ ,,_, "1_ "l'IIq,...... qlpl='' ' IIIlSF_I I Ili"'l'lllfl_l_'



WHC-EP-0843

, , ,,1, ,,q

This page intentionallyleft blank.
t

_ i , ,, , ..... ,. _. ,,,,, . , , ,,, ,,, i , , , ,,, ,, ] ,,. ,

A-2
............. rir '' 'l_'r11111' _'"_"_IiP" 'lil_............ 'rllqllir I1 rllllil'_" ..... ' I .... r_ '_1'1' til _'IIP' '"_r'_'''_'""'r:"lTilawl'IIpllr*ir'"llll r_i_?,',,'!rf,',,,1_"',,_,' ,,,,,r,,, "l,r,rlll



WHC-EP-0843

•,-, , , ,, ,, , , , , , , ,, , , , J

API_NDIX A

• TANKS CURRENTLY ON THE WATCH LIST

v

Table A-1. Tanks Currently on the Watch List.

i m i ...... i i i i , r ..... , i

Tank Category Tank Category Tank Category
No. No. No,

A-101 Hydrogen S-102 Hydrogen U-103 Hydrogen
Organics Orgmdcs Organics

AX-101 Hydrogen S-111 Hydrogen U-105 Hydrogen
AX- 102 Organics Organics Orgar_ics
AX-103 Hydrogen S-112 Hydrogen U-lO6 Organics
B-.103 Organics SX- 101 Hydrogen U-107 Organics

BY-103 Ferrocyanide SX-102 Hydrogen Hydrogen
BY-104 Ferrocyanide ' SX-103 Hydrogen U-108 Hydtogen
BY+105 Ferrocyanide Organics U-109 Hydrogen
BYol06 Ferrocyanide SX-104 Hydrogen U, 111 Hydrogen
BY-107 Ferrocyanide SX-105 Hydrogen U-203 Organics

' BY-108 Ferrocyanide SX-106 Hydrogen + 0-204 Organics
+ BY-110 Ferrocyanide Organics AN-103 Hydrogen
+ BY-111 Ferrocyardde SX-109 Hydrogen AN-104 Hydrogen

BY-112 Ferrocyanide T-107 Ferrocyanide AN-lO5 Hydrogen
[] C-102 Organics T_110 Hydrogen AW-101 Hydrogen
; C-103 Organics T-111 Organics SY-101 Hydrogen
I C+106 High Heat TX-105 Organics SY-103 Hydrogen
- C-108 Ferrocyanide TX-118 Ferrocyanide

C-109 Ferrocyanide Organics
C-111 Ferrocyanide TY-101 Ferrocyanide
C-112 Ferrocyanide TY-103 Ferrocyanide

TY-104 Ferrocyanide
Organics

ft
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' APPENDIX B

, HOMOGE_TEITYIN THE HEAl}SPACE
L

' Concentrationsof constituentsin the vapor are not expected to fluctuategreatly over time,
and headspacesare well-mixed (even in passively ventilated tanks), Provided samplesare
collected at least several centimetersaway from the waste surface or tank walls, and a meter
away from the bottomof an obvious source of fresh air (e,g., an open riser), the sample
should be representativeof the headspace vapor mixture. Several sources of information
from the Ferrocyanide, FlammableGas, Organic,and VaporSafety Programssupportthis
conclusion.

B.1 HEADSPACE MODELING ,

ModelLingindicates that the headspacedynamicsof passively_ventilatedwaste tanksare
dominatedby thermally inducedconvectioncurrentsI (Wood 1993). In general, radioactive
decay in tank waste results in waste surface temperaturesthat are higher than the
temperaturesof the tank dome and groundabove the dome. Air warmedby contact with the
waste surface rises as cooler, denser air from near the dome displacesit. Tlds convection
mixes the gases and vapors both vertically and horizontallywithin .theheadspace, limiting
concentrationgradientswithin the convective zone. In the regions very near the waste,
dome, or walls of the tank (boundaryzones), concentrationgradientsare limited by
molecular diffusion. ,

The effect of thermally inducedconvectionon gas concentrationsin a tankwith a localized
gas source was also examined (Claybrookand Wood 1994). A three-dimensionalmodel was
developed to simulate the evaporationof an organic liquid from the waste surface while a
small streamof air flowed through the headspace. Three sensitivitycalculationswere made
in which the difference between the waste surface tempel'atureand top of the headspace was
assumed to be 5 °C and I °C higher, and 5 °C cooler. When the waste surface is warmer
than the dome, vertical mixing preventsany substantialvaporconcentrationgradients from
forming. When the waste surface temperaturewas 1 °C higher than the dome temperature
(and no thermally induced convection existed), vapor concentrationdifferencesbetween
selected locations were relatively small.

| Modeling of the 241-C-107,-108, and -109 _e, which included the effects of
interconnection,revealed that the maximumconcentrationdifferenceswithin tank 24 l-C-109
would be less than 0.001% (Wood 1993). Claybrookand Wood (1994) examinedpotential
verticalconcentration gradients as a result of density differences. Using a very conservative

. 1This'deesnot include tankssubject to periodic gas releases.
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assumptionofnoconvection,moleculardiffusionlimitedthehydrogenconcentration
variation,fromthewastesurfacetothetopofthedome(abouti0ro)toabout0,001%,
Under the same condition_, the concentration variation in the headspace of a very heavy '
vapor (tributylphosphate)was estimatedto be only about0,8_.

B.2 SAMPLING

Samplinghas also indicated that the headspace is well mixed. Gas and vapor samples
collected from three elevationsof the headspaceof tank24I-C-103 suggest no vertical
stratificationexists (Huckabyand Story 1994). Analyses of several gases and vapors,
including ammonia, water vapor, hydrogen,and semivolatflealkanes measured0.79, 2.92,
and 5.05 m above the waste surface, indicatedno significantconcentrationd_fferencesat the
three elevations.

To confirm the model of headspace homogeneity, additionalverticaland horizontalprofiling
will be conductedon selected tanksover time. Samples will be collected from five
elevations distributedequally between the bottom of the riser opening and the Surfaceof the
waste. "/he evaluation of headspacemixing will be based upon the distributionof a limited
numberof screeninganalytes (i.e., hydrogen,methane, ammonia, carbon monoxide, and
nitrous oxide. Some tankswill be simultaneouslysampled througha secondaryriser offering
the maximum ho_,.ontaldisplacementfrom the primaryriser. This will provide data for
resolution of horizontalspacial variability. Some tankheadspaceswi/l be re-sampledat
different _imeinte1_als to determineif the compositionvaries over time.

This body of work would entail some 30 special vaporsampling studyevaluationson about
nine tanksin FY 1996. Examples of study tankcandidates(rationalein parenthesis)are
tanks 241-C-I03 (complex organic matrix), 241-BY-107, 241-BY-108 (strong organic
signatureover interim-stabilizedsaltcake), 241.BY-I04 (vapor signatureover low volume of
residual waste), 24I..U-106, 24 I-U-111, 24I-U-112 (strongammoniavapor matrix),
241-C-I0 i, and 24I-C-102 (he, space sharedwith 24I-C-103 and cross-communication
i_sues between cascade tanks).
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APPENDIX C

, C.0 DETECTION OF A SEPARABLE ORGANIC PHASE

' Examination of the sampling and modeling performed to date supports the hypothesis that the
concentration of semivolatile substances in headspace air is predictable on the basis of pool
temperature, surface area and composition. A summary of the modeling and sampling
information is presented in this Appendix.

C.1 MODELING OF THE HEADSPACE

Computational models have been developed to examine the issue of headspace homogeneity.
These include the estimation of waste tank breathing rates (Crippen 1993), the calculation of
equilibrium vapor concentrations abovethe semivolatile organic liquid in tank 241-C-103, the
evaporation rate of organic liquid in tank 241-C-103, and the distribution of gases and vapors
within a tank headspace (Claybrook _d Wood 1994). Results of these studies are consistent
with the results of headspace sampling (Table C-l).

Claybrook and Wood (1994) modeled the evaporation of semivolatile organics in tank
24 l-C-103. The model indicates that even when the vapor concentrations are reduced to
10% of their equilibrium values, evaporation in a headspace mixed by thermally induced
convection re-establishes near-equilibrium vapor concentrations in aboat 4 to 5 days. During
the re-establishment of vapor-liquid equilibrium, the headspace still contains an essentially
homogeneous distribution of the organic vapors.

A similar calculation was performed in which an inverted thermal profile was used to
"- eliminate thermal convection (the dome was 10 °C higher than the liquid surface). Mixing
-_ was completely diffusion controlled, and vapor-liquid equilibrium was re-established within

i 10 to 15 days. In this latter calculation, it was also found that concentrations at differentpoints within the headspace were virtually the same after 4 to 5 days.

Postma et al. (1994b) also modeled evaporation rates in tank 241-C-103. The estimated time
for a typical s_mivolatile constituent to reach 90% of its equilibrium heads'pace concentration
was approximately 7.5 hours. When compared to the tank breathing rates of 0.5 to 5 % of
the headspsce volume pcr day, the evaporation rate of scmivolatile organic liquid is fast,
using either of the models presented in Claybrook and Wood (1994) or Postma et al.
(1994b).
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C.2 SAMPLING RESULTS

A comparison of the liquid samples collected in December 1993 and vapor samples collected
irt December 1993 and May 1994 from tank 241-C-103 is presented in Table C-1. The three .
dominant semivolatile normal paraffm hydrocarbons (NPHs) found in tank 241-C-103 are
n-undecane, n-dodecane, and n-tridecane (column 1). The concentrations measured in the
tank headspace (Huckaby and Story 1994) are shown in the second colurml of Table C-1.
The third column gives the concentration measured above an aliquot of the tank's organic
liquid when it was heated to 40 °C (Pool and Bean 1994), the estimated temperature of the
waste surface.

Table C-l, Comparison of Tank 241-C-103 Organic Solvent and Vapor Data.

Compound Tank Headspace Headspace of Calculated at
Vapor Sample Liquid Sample at 40 oC

(mg/m 3) 40 °C (mg/m 3) (mg/m 3)
i .. i

n-undecane 22.3 60 NA*
,. ,, ,,, , i .,,, J,,ll

n-dodecane 268 320 196

n-tridecane 350 460 271
..........

* NA = Not applicable. Calculations are based on liquid sample analyses, and
_. n-undeeane was not detected in the liquid sample.

J

| The concentrations found in the tank headspaee (column 2) and above the liquid sample
(column 3) are consistent with the assumption of near equilibrium in the headspace. This
agreement indicates that organic vapors in a passively ventilated waste tank should be in
equilibrium with the organie solvent IX>OI.

Also shown in Table C-1 (column 4) are NPH concentrations calculated using Raoult's Law
and Antoine equation vapor pressures (Claybrook and Wood 1994). At 40 *C (the estimated
temperature of the waste surface in tank 24 l-C-103), the calculated vapor concentrations are
only about 20 to 30% lower than the observed concentrations given in column 2.

C-4
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APPENDIX D

, PRELIMINARY NEAR-SURFACE CALCULATIONS

' Credible initiators deposit energy on the waste surface (Bajwa 1994, Seaief 1991), and it is
important to define what constitutes "near surface." There are two important questions that
need to be answered to determine the depth an initiator could penetrate: (1) how far would a
hot object penetrate if it fell on the waste; and (2) how far would the heat be conducted once
an initiator is in contact with the waste? The first question can be answered by examining
accident scenarios to determine the size and weight of potential initiators, and the likely
distance an initiator would fail. A safety analysis examining potential initiator scenarios will
be completed in June 1995. However, it is possible to make some qualitative judgements on
how far a failing initiator would penetrate.

Larger objects with the potential to fall into the waste during operations are tethered to
reduce the risk of dropping them (e.g., lights, video equipment, still camera). Other
potential initiators that have been postulated, such as hot slag from welding, sparks from
grinding, or burning gasoline, do not have a large mass and would probably not penetrate
very far. Drier waste is hard (most saltcake waste requires rotary-mode core sampling
because the waste cannot be penetrated by the push-mode sarnpler at the 1000-psipressure
limit) and objects would probably not penetrate very deeply if dropped on the waste. As the
moisture content of the waste increases, the waste softens and dropped objects will penetrate
farther; but wet waste does not pose a propagation hazard (see Section 2.0). Sludge waste
may have some shallow surface cracks as a result of drying and consolidation; however,

: sludges retain considerable water (see Section 3.5.4) and therefore do not pose a propagation
hazard.

+-

+ If a high temperature were instantaneously suppli_ to the surface of the waste, the
temperature at any point cart be calculated if some parameters are known. Transient

" one-dimensional heat conductionin a semi-infinite solid is given by

_._.T= I aT. (I)-i)
- c_2 a

Some simplifying assumptions wiUbe made to solve this equation. The effects of phase
changes as a result of waste,heating (the nitrate/nitrite salts would melt around 250 *C) will

• be ignored. The boundaries are assumed to be, T(x,0) = To, T(o.,t) = To, and T(0,t) = T,;
and the solution (Kreith and Black 1980) to Equation D-1 is

,I

_ i li. .+ i , i . , i _

D-3
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 x,O - r, er/( x _ (D-2)
+ To- T.,' - t2V_

t

where To = ambient temperature
T, = temperature of hot surface

, ol = thermal diffusivity
x = distance
t = time
err = +Gausserror function.

The temperatureofinterest,T(x,t),is200 °C, thetemperatureignitioncriteriafor
condensed-phasepropagatingreactions(Webb ctal.1995).The ambientwasm temperature,
To,isassumedtobe30 °C. A reasonablediffusivityforHanfordSitewasteis10_ m2/s,
whichisaboutthevaluecalculatedforwastesludgesimulants(JeppsonandWong 1993).
For comparison,thediffusivityofcarbonsteel,a moistclay(containing'49 wt% water),and
wood areabout10"5,10"_,and 10"7m2/s,respectively(KreithandBlack1980).A plotof
depthasa functionoftimefordifferenttemperaturesisshowninFigureD-1.

FigureD-I. DepthofWaste Reaching200 °C asa Functionoftime
forVariousInitiatorTemperatures

= 0.16 / I I I' 'I ' 1 i I " i
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Typical initiators last for only seconds or minutes, and from Figure D-1 it can be concluded
thatthe heat would be conducted,to a depth of only a few centimeters. However, to adjust
for the penetrationof a fallinginitiatorand to add conservatismto file calculation,,a high

. initiator temperature (1500 *C, about the temperature of molten iron) and a long duration
(one hour) will be used to determine "near surface. ,' For an initiator at 1500 *C, the waste
depth of inteaest is 2 to 14 cm. This estimate of "near surface" will be refined once the

' safety analysis is completed in June 1995.

a
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