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1.0 Scope

Recently PNNL was tasked by DOE to develop and demonstrate a risk-based strategic approach to
characterizing Hanford's Nuclear Waste Tanks. This strategic approach was documented in a report
entitled "A Risk-Based Focused Decision-Management Approach for Justifying Characterization of
Hanford Tank Waste (PNNL-11231, April 1997). In support of the general approach, a specific strategy
for addressing each of the several safety issues associated with the tanks was developed. This report
documents the approach for the Ferrocyanide Safety Issue.

The purpose of this report is to describe a structured logic diagram (SLD) for determining the risk
associated with the ferrocyanide tank safety issue and provide the supporting information for the SLD.
The SLD addresses the resolution of risks resulting from the presence of ferrocyanide layers within the
Hanford tanks. The informational requirements for determining risk from any reaction stemming from
ferrocyanide are outlined in the SLD. This report will describe the potential paths to a successful
resolution of the ferrocyanide safety issue. Complete development of the intervention pathway is outside
the scope of this current activity. General descriptions of the approach, key components of the SLD, and
conclusions are provided in the body of this report. The complete SLD, descriptions of each box shown
in the SLD, a discussion on how to fill data needs, and a list of contributors is provided in the
appendices.
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2.0 Introduction to the Ferrocyanide Issue

During the 1950's, Hanford scientists developed and the site operators implemented a ferrocyanide
precipitation process to remove radiocesium from and decontaminate some of Hanford's aqueous wastes.
This was done to free waste storage space to accommodate new high-level radioactive wastes resulting
from the production of needed nuclear defense materials. The decontaminated aqueous wastes were
pumped to disposal trenches and the solid wastes were stored in underground storage tanks. These solid
ferrocyanide wastes consisted of complex mixtures containing water, alkali nickel ferrocyanides,
nitrates, nitrites (resulting largely from radiolysis of the nitrate), and other constituents depending on the
particular Hanford aqueous waste treated.

Though the explosive nature of ferrocyanides in the presence of oxidizers has been recognized for
decades, the potential chemical reactivity hazards of impure mixtures of ferrocyanides and nitrates were
first recognized at Hanford when Hepworth and coworkers (1957) observed an explosion as they heated
a mixture of cesium zinc ferrocyanide and nitrate. Hepworth et al. were evaluating ferrocyanide
radiocesium scavenging for potential application to wastes resulting from the Plutonium Uranium
Recovery by Extraction (PUREX) process. Later L. L. Burger (1984) using Hanford plant records and
thermodynamics evaluated the potential for the ferrocyanide wastes to be a chemical reactivity hazard
and recommended studies to evaluate the potential hazard.

Since Burger's report, studies have been performed at the Pacific Northwest National Laboratory
(PNNL) (Burger and Scheele 1988, 1990; Scheele et al. 1991; Hallen et al. 1992; Scheele et al. 1992 a, b,
c), Los Alamos National Laboratory (LANL) (Cady and Scheele 1992; Cady 1993), Washington State
University (Dodds and Thompson 1994 a, b) and Fauske and Associates of Burr Ridge, Illinois (Jeppson
and Wong 1993; Jeppson and Simpson 1994), to determine the conditions needed for vigorous reactions
to occur between ferrocyanide, its cyanide-bearing aging products, and sodium nitrate and/or nitrite, the
two principal oxidants in Hanford high-level radioactive wastes. These studies have shown that though
vigorous reactions of ferrocyanide with nitrate or nitrite can be initiated by temperatures > I80°C in
simulated ferrocyanide wastes and mixtures of ferrocyanide and nitrate and/or nitrite, the vigor of this
potentially explosive reaction is dependent on the composition of the ferrocyanide mixture. In addition
other studies have been performed by Lilga and coworkers at PNNL (1992,1993, 1994, 1995; Hallen et
al. 1992) to determine the fate of ferrocyanide in the ferrocyanide wastes during the decades of storage
with exposure to high levels of radiation and solutions potentially having different alkalinities. Studies
by Lilga and coworkers have shown that sodium nickel ferrocyanide in simulated wastes dissolves in
highly alkaline solutions and decomposes to form ammonia depending on the alkalinity and the strength
of a radiation field to which it is exposed.

Given the presence of heat-producing radionuclides in ferrocyanide wastes and the potential vigor of a
thermally initiated cyanide reaction with nitrate, nitrite, and/or other oxidants in a Hanford ferrocyanide
waste, it is important to assess the risk associated with storage and future processing of a particular
ferrocyanide waste to ensure continued safe storage and conversion of these ferrocyanide wastes to a
stable waste form. This section provides a strategy for assessing these risks associated with the
potentially reactive ferrocyanide wastes stored in Hanford's underground high-level radioactive waste
storage tanks based on measurable characteristics of the waste, the tank, and the surrounding
environment. The strategy also recognizes that the risk associated with ferrocyanide wastes stored in a
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particular waste tank may be influenced by other waste types such as the organic-bearing and flammable-
gas-producing wastes and thus other waste types must be considered in any assessment.
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3.0 Approach

The general approach was to develop a strategy using measurable characteristics of the ferrocyanide
waste-storage tank-environment system to determine the risk associated with the continued storage of
Hanford's high-level radioactive ferrocyanide wastes. This approach used a hierarchial, prioritized
structured logic diagram (SLD) as the framework to identify the informational needs required to
demonstrate that the risk from Hanford ferrocyanide waste storage is and will be acceptable.

The SLD is analogous to a fault tree but instead shows all the paths that can lead to a successful
resolution of the ferrocyanide issue. The ferrocyanide SLD outlines all the important inputs required to
estimate the risk from a ferrocyanide event and identifies several different pathways for obtaining such
estimates. It also attempts to show all the relationships between parameters and models and
demonstrates how other safety issues may interact with the ferrocyanide issue. Risk can be deemed as
unacceptable if either the uncertainty associated with the risk estimate is too high or the risk estimate is
unacceptably high. If risk is unacceptable, one can either gather additional information to reduce the
uncertainty or take some intervention action. The potential intervention pathways are undeveloped for
this FeCN SLD.

In the development of the SLD, a team of scientists, whose membership is presented in Appendix D,
began at the required outcome and worked downward through the structure to identify the fundamental,
measurable information needs, such as cyanide and oxidant content. The team also worked to develop a
logic that would allow the use of various prioritized, alternative pathways requiring different levels of
scientific rigor and informational needs such that if the simpler path did not allow the conclusion of
acceptable, then a more rigorous approach would be required. Where information needs could not be
directly measured, the need for models relating the identified informational need with measurable
properties was integrated into the SLD structure. The approach also recognized that the fundamental
characteristics of the waste, the tank, and the environment are changing with time thus making any
assessment transitory.

More fundamentally, the approach recognized that the risk from a particular ferrocyanide waste is
dependent on the probability-frequency and the consequences of a disruptive cyanide reaction; if either
the probability-frequency or the consequences of the disruptive event are acceptable (below a defined
criterion), then risk will be acceptable. Therefore the factors or informational needs were identified that
would determine if the probability-frequency of an event is acceptable. Similarly the general factors that
determine the consequences of an event such as radiation dose and exposure to toxic chemicals were
identified, pathways were identified that would yield information on the factors that determine the
radiation dose, and so on until measurable characteristics were identified. A model using determined
probability-frequency and consequences as inputs would then predict the risk associated with a particular
waste; such models were identified throughout the SLD to take developed or measured information to
provide the needed information to eventually predict the risk.

The developed strategy has at its base fundamental information about the chemical, physical, and thermal
properties of the waste; the structural properties of the tank; and the effect of different chemical,
physical, and thermal parameters on the reaction characteristics of the cyano species and oxidants in the
waste to predict the probability-frequency and consequences to predict the risk associated with a
particular waste. The strategy relies on the development of a sound scientific foundation relating
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reaction properties and waste characteristics with the previously measured properties to provide a
method to assess the risk.

Parameter or data need boxes are the terminal points on the SLD. There are a variety of ways of filling
those data needs including sampling, ex-situ experiments, expert opinion, etc. Although the SLD does
not attempt to define how the informational needs can be satisfied, the SLD concept could be
incorporated using each data need box as the objective to be satisfied. A simplified version of such an
approach is shown in Appendix C.

3.1 Requirements for Demonstrating Acceptable Ferrocyanide Risk

To demonstrate an acceptable risk for the ferrocyanide issue, the current and future risk (risk as a
function of time) must be determined under a no-intervention scenario. A risk may be deemed
unacceptable if either the risk estimate is too high or there is significant uncertainty associated with the
risk estimate. If that risk is deemed to be unacceptable, either the uncertainty must be reduced by
obtaining a better estimate of risk or some intervention is necessary to reduce the risk. Figure 3.1 depicts
a summary-level SLD for the ferrocyanide issue. The focus of this report is on the pathways to
determining the ferrocyanide reaction life-cycle risk. Detailed development of the intervention pathway
is outside the scope of this report.

As shown in Figure 3.1, to determine the risk, one must determine the probability of an event and the
consequences of the event. The risk model may be as simple as multiplying the probability by the
consequence. The primary pathways leading to determination of an event probability and the
consequence are described below.
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3.2 Probability of an Event

At a high level within the SLD there are two primary inputs required for calculating risk: probability of
an event and consequence of that event. The SLD shows that the probability of an event should first be
determined before evaluating the consequences. This permits the option of determining that the
probability of an event is so small that any event would be incredible. Under an incredible event
scenario, there would be no need to evaluate the consequences of an event.

There are four possible pathways that could lead to concluding that any conceived ferrocyanide event
was incredible. This could be accomplished by either showing that no ferrocyanide was ever introduced
into the tank, demonstrating that aging has caused the initial ferrocyanide concentrations to decrease to
the point of non-concern, showing insufficient reaction enthalpy, or showing that either insufficient
cyanide fuel or oxidant is available given the other waste concentrations and properties.

If an incredible event cannot be demonstrated, the probability of an event must be determined. This is
dependent primarily on the probability of an initiation from some source and the type of combustible
mixture available within the waste.

3.3 Event Consequences and Radioactivity Released

The consequences of an event will be a combination of exposure to either radiation or toxic chemicals or
direct physical effects. The consequences of an event may be either short term or extended. Possible
additional effects are direct injury, such as from an explosion, or environmental damage. As shown in
the SLD, these are determined (estimated) at this point but a further breakdown is beyond the scope of
the present task; these effects will be similar to those described in other tasks. The exposure to toxic
chemicals will also be determined at this point. Rather than duplicate efforts, the toxics exposure SLD
was not developed for the ferrocyanide SLD because the Organics Issue SLD already contained a toxics
exposure pathway which can easily be adapted for the ferrocyanide issue.

The key parameters affecting radiation dose include reaction temperature and pressure, tank structural
information, event radiation inventory, radiation partitioning, and uptake/dispersion models. Each of
these branches are defined in detail in the SLD.

The radioactivity release is dependent on the nature of the containment failure, the radioactivity
inventory affected by the event, and the secondary radioactivity inventory. The assumption is made that
the release is the result of a containment (tank) failure either of the tank itself or of release controls such
as gas filters on the tank ventilation system. The primary radioactive inventory is the radioactive
material that is directly affected by the cyanide reaction. Other input to the release is from secondary
radiation inventory such as might be released from a flammable gas event, and information will come
from the Flammable Gas Characterization SLD. The inputs described here are the containment failure
mode and the event radioactivity inventory. These inputs are combined using a radioactivity partition
model to determine the actual nature and extent of the release.
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Two approaches for determining the radioactive event inventory could be used here. The first simply
considers that the total radioactive inventory of the tank is released. The second involves calculation of a
release volume and the concentrations in that volume. This is based on both tank records (filling and
transfer data) and analytical information from actual samples. In turn, the calculation of this volume of
material ejected from a tank uses an explosion model, the inputs for which are the location and geometry
of the reaction event and the characteristics of both the ferrocyanide reaction and the non-ferrocyanide
reactions, described above. The reaction characteristics are important inputs to this calculation.

3.4 Containment Failure Mode

Failure may be any loss of containment and could be the result of a violent reaction or a slower process
caused by fatigue or corrosion. Dome collapse would be an example of a serious failure. The
information needed here includes the temperature and pressure developed as a result of a ferrocyanide
reaction. These data are required as a function of time, in order to determine the rate of pressure buildup.
Contributions to the pressure from other reactions will also be added, e.g., organic-oxidant reactions.
Other data required are tank structural information including design data and historical data on the tank
operation. The physical and structural data are then combined using a structural failure model.

To determine the pressure and temperature buildup, the reaction characteristics of ferrocyanide with
nitrates and nitrites are determined. The temperature reached by the reactions and the gases produced are
determined through a detailed consideration of the chemical reaction pathways and the energy released
by those reactions, utilizing both experimental reaction data and theoretical treatment involving
thermodynamics and kinetics. The amounts (mols) of gas formed and the temperature data are then
combined with the system volume (headspace and void volumes) and similar reaction data for non-
ferrocyanide exothermic reactions. The basic gas law PV = nRT where P is pressure, V is volume, n is
the number of moles of gas, R is the gas law constant, and T is temperature is used here, although a
complex fluid dynamics model is employed for the final calculations. Data for the non-ferrocyanide
reactions will be input from the Flammable Gas Task and from the Organic Task.

3.5 Reaction Characteristics

This input is required for defining both the containment failure mode and the radioactivity inventory of
the event. It is divided into two parts, determination of the gases produced as a function of time, and
determination of the temperature produced by the reaction. These two reaction characteristics will
determine the force that the containment experiences during an event assuming ideal gas law behavior.
Determination of the temperature involves the heat of reaction (enthalpy), the rate at which the reaction
occurs, the heat loss rate, and the heat absorption characteristics such as heat capacity of the system.
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3.5.1 Temperature of System

The temperature of the system is dependent on the amount of heat produced (reaction enthalpy) by the
cyanide reaction, the rate at which the heat is produced, how much heat is absorbed by the reaction
products and the waste and tank structural components, and the rate of heat loss from the tank-waste
system. To determine the temperature of the system, the amount of heat produced by exothermic
reactions within the waste is adjusted for the amount of heat lost and this remaining heat is distributed
throughout the waste and the tank components based on the heat capacities and the phase change
reactions and the heat transfer characteristics of each component in the system. Simple to complex
strategies, depending on the assumptions made, can be used to determine the temperature that will be
reached if a ferrocyanide reaction event were to occur.

These factors that determine temperature are in turn dependent on the reaction mechanism or pathway,
the chemical composition of the waste, the structural components of the waste storage tank, and the
temperature of the soil surrounding the tank. Complicating the calculation of the temperature by the
computational model that will be used to determine temperature are complex relationships between the
reaction pathway and temperature which may vary as the event proceeds. Typical ferrocyanide reactions
and the heats of reaction (enthalpies) are

Na,NiFe(CN)6 + 6 NaNO3 = NiO + FeO + 4 Na,CO3 + 2 CO, + 6 N2, AH = -3014 kJ/mol

Na,NiFe(CN)6 + 10 NaNO, = NiO + FeO + 6 Na,CO3 + 8 N2, AH = -3710 kJ/mol

Na2NiFe(CN)6 + 7.5 NaNO3 + 2.5 NaOH = 6 Na2CO3 + 1.25 H,0 + 3.75 N2O + 3 N2, AH = -2718 kJ/mol

The latter reaction assumes that the nitrate is reduced only to the +1 oxidation state. Other reactions
might produce CO or NO both of which would result in lower energy release. Small amounts of other
oxidants such as MnO2 or Na2Cr04 may be present but will contribute very little to the overall energy
production. Potential reactions of cyanides and organic materials, the heat production, and the adiabatic
temperature rise are discussed by Burger (1995).

The initial tank waste temperature, which is dependent on the composition and age of the waste, will
determine the initial ferrocyanide reaction rate and the initial heat loss rate and thermal conductivity.
The waste temperature can be measured directly.

The reaction enthalpy or heat produced, which is dependent on the reaction mechanism, is one of the
factors that will determine the temperature of the system during the event. The heat produced could be
estimated using simple to complex models or by direct measurement. The heat determined by these
various methods would be an input into the temperature model to predict the temperature produced by a
ferrocyanide reaction event.
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The simplest approach to determine the heat produced would be to assume that the ferrocyanide reaction
would proceed via the most energetic mechanism, use published thermodynamic values, and the
measured cyanide and oxidant concentrations to calculate the maximum reaction heat. The only three
data inputs required for this calculation are the cyanide, nitrate, and nitrite concentrations.

The second approach would be to use heats measured for model mixtures representative of the waste of
concern. In its simplest application the reaction enthalpy would be measured for a model mixture having
the cyanide and oxidant concentrations measured in the waste of concern. A qualified calorimetric
method would be used. Depending on informational needs the reaction enthalpies of more complex
model mixtures that more closely represent the waste's composition could be determined. As a
minimum the cyanide and oxidant concentrations in the waste would be required to implement this
approach. Alternatively, the gaseous and solid products of a cyanide reaction could be determined and
used to identify the reaction pathway which would then allow calculation of the reaction enthalpy based
on thermodynamics reported in the literature such as Burger (1995).

The third approach would be to measure the reaction heat produced by the actual waste using a qualified
calorimetric method. This is a direct data measurement with no additional data inputs required.

The fourth approach would use a complex computational model to calculate the reaction heat based on
the composition of the waste. Critical input characteristics of the waste include cyanide concentration,
oxidant concentration, presence of catalysts, and the presence and concentration of initiators or other
fuels. Implementation of this approach requires defined relationships between the different critical input
waste characteristics and the reaction heat.

The heat production rate coupled with the heat loss rate will help determine the temperature of the waste-
tank system if an event were to occur. The reaction rate will determine the rate at which reaction heat is
produced; heat loss will be discussed later. This reaction rate is dependent on the stoichiometry of the
reaction, the concentrations of the reactants, temperature, and the fraction of collisions between the
reactants that result in a reaction (Arrhenius frequency factor A). The reaction order n is the measure of
the stoichiometry effect. Reaction concentrations are measured directly for the waste of concern. The
frequency factor is a constant for a particular reaction mechanism while the temperature effect is
dependent on the activation energy (EJ. The reaction rate parameters n, A, and Ea are required to define
the reaction rate. Studies to date of the ferrocyanide or cyanide reactions with nitrate or nitrite have
shown that the reaction pathway is dependent on temperature, therefore, it will be necessary to determine
the effect of the temperature on the reaction rate parameters. If other oxidants such as chromate were the
active oxidant, the thermal sensitivity of the oxidation of the cyano species in the waste should be
different from that observed for the oxidizing nitrogen species.

It is possible to make some simplifying assumptions with respect to reaction rate. To allow calculation
of the temperature during an event, the reaction can be assumed to be instantaneous with no heat loss
from the system. This would allow calculation of a maximum limiting case.
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The heat loss as a function of time coupled with the heat production rate will help determine the
temperature of the waste-tank system. Heat loss is dependent on the temperature differential between the
environment (soil around the tank), the composition of the waste, and the composition of the tank. A
heat loss model would use 1) the measured temperature differential between the waste and the
surrounding soil; 2) the thermal conductivities of the waste, tank, and the soil, and 3) the latent heat of
the resident and product gases to predict the rate of heat loss from the system.

The temperature differential between the waste and the soil is the driving force for heat transfer. The
thermal conductivities of the various parts of the system control the rate at which heat can be transferred.
The latent heat of the resident and product gases is the amount of heat that each of the gases contain; the
amount of heat lost via this pathway is dependent initially on the venting capability of the structurally
sound tank and possibly later other available vents. Because of the increased mobility of gases relative
to solids, heat transfer could be more rapid.

The data inputs for the heat loss model could be estimated or in some cases measured directly or could
be measured for similar materials. The thermal conductivities of the waste and tank structural
components could be estimated from available literature references or in the case of the waste,
determined directly, or in the case of the tank components, measured for analogous materials. The latent
heat of the gases can be obtained from available references; the composition and amounts of the gases
present is dependent on the reaction mechanism.

The temperature of the waste-tank system is dependent on the temperature rise that will occur as a result
of absorbed heat. Heat can be absorbed by the waste and by the tank via phase change reactions such as
melting or absorption of heat without a phase change as measured by heat capacity Cp. The heat
absorption is dependent on temperature. The phase change reactions and heat capacity of the waste-tank
system is dependent on the composition of the waste, composition of the tank, and the composition of the
surrounding soil.

Sources of the needed heat absorption data inputs include reference literature and direct measurement.
The heat absorbed by phase change reactions could be measured directly or calculated based on the
measured or known composition of the waste or the tank. The heat capacity of the waste can be
calculated based on the heat capacities of the individual components or can be measured directly. The
heat capacity of the tank could be estimated from construction records and available data for the
individual components or the heat capacity could be measured for analogous materials. The heat
capacity of the soil could either be estimated from available literature references or it could be measured
directly.

Some simplifying assumptions can be made to provide maximum limiting cases. It could be assumed
that the nonreactive portion of the waste will be a low heat capacity material such as sodium aluminate or
that no phase change reactions occur during an event. Assumptions could be refined to incorporate
compositional information regarding the waste such as water content or the content of materials that melt
or thermally decompose.
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Finally, a temperature model is applied. This temperature model would use the determined reaction
enthalpy, reaction rate parameters, heat loss and transfer rates, and heat absorption to calculate the
temperature of the waste-tank system during an event. This model would calculate the temperature of
the system by 1) adjusting the amount of heat produced as a function of event time by the amount of heat
lost as a function of time and 2) distributing this remaining heat throughout the waste and the tank
components based on the heat capacities, the phase change reactions, and the rate of heat transfer; the
model could be simplified by using limiting case assumptions. The model developed would likely use
iterative calculations to determine the temperature.

3.5.2 Amount of Gas Produced

The amount of gas is determined in several ways: direct measurement of type and amount from actual
tank samples, direct measurement of type and amount from model mixtures of probable tank
components, calculated theoretical maximum amounts based on knowledge of the oxidation reaction, and
calculated amounts by use of a complex reaction model. The latter utilizes all the parameters known to
influence the reaction path and reaction rates such as the initial temperature, catalysts, reaction initiators,
as well as the concentrations of cyanide moieties, oxidants, water, and other diluents. The latter
quantities are all data inputs. In addition, the flammable gas and organic reaction data may be required if
these wastes are mixed with the ferrocyanide wastes.

The theoretical maximum, on the other hand, requires only the total cyanide, water content, total organic
fuel and flammable gas content, and a simple gas production calculation (model).

This information is required as a function of reaction time, which means that reaction kinetic data are
required. These comprise the fundamental quantities, activation energy Ea, reaction order n, and the pre-
exponential factor A, all determined for a defined Arrhenius type reaction. Data inputs will be both
theoretical and experimental.

3.6 Comparison With Data Quality Objective Decision Logic

A comparision of the SLD with the decision logic that was derived from the ferrocyanide data quality
objective (DQO) (Meacham et al. 1995) was conducted to ensure completeness of the SLD. It was
found that the DQO decision logic corresponds relatively well with the branch of the SLD that deals with
demonstrating that an event is incredible. Figure B shows both the SLD branch and the DQO decision
logic. The dashed vertical lines show how the pathways within the SLD correspond to those in the DQO
logic. Thus, the DQO decision logic appears to be captured within the SLD. The decision logic is only
one output from the DQO process. A broader comparision between the risk-based characterization
strategy and the DQO process is outside the scope of this section.
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4.0 Conclusions and Recommendations

The Ferrocyanide SLD demonstrates the ability to show how all the pieces of the information puzzle fit
together to develop an accurate picture of risk. The two primary branches of the SLD are

waste comp. event char. tank structure event consq reaction char

waste comp. operations & environmental event prob considerations

Risk

The SLD for the ferrocyanide issue is shown in Appendix A. Each box in the SLD is labeled and the
detailed preliminary descriptions of each box is found in Appendix C. Figure 3.1 provides a summary of
the major branches that make up the FeCN SLD. The coloring scheme shown on the SLD suggests four
major components of the SLD. The red portion contains the pathways leading to determination of the
probability of an event. The yellow portion shows the consequence branch and the green and blue
portions under the consequence branch show the primary components of temperature and gas produced
for determining the event pressure.

The primary data/information needs that are common to many of the pathways include nickel, cyanide,
diluents, oxidants, chemical initiators, and catalysts concentrations. Most data needs are required as a
function of space and time. Spatial distribution of waste constituents is an important information
requirement throughout the SLD. Both the time over an extended period (years [t]) and the reaction time
(tc) were important factors and are explicitly identified in the SLD.

In summary, key conclusions derived from this exercise of developing the SLD for the ferrocyanide issue
include

• The SLD allows for a pathway to demonstrate that a ferrocyanide event is incredible without
requiring an evaluation of the consequence.

• The SLD moves from more simple pathways to more complex, information intensive pathways.

• The SLD is very flexible and can easily accommodate alternative pathways or more simple
modifications.

• It has been shown that the SLD approach is consistent with the decision logic developed under
the DQO process.
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• Significant modeling is required for many of the pathways. The complexity of the models varies
from simple calculations to complex simulations.

The SLD demonstrates the ability to link data and information needs with desired outcomes in an easily
communicated, understandable structure. This structure can now be used to determine ferrocyanide
reaction risk and to compare estimated risk across various pathways.
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Appendix B

Definition of Boxes in Ferrocyanide SLD

CN.l Probability of any event occurring determined regardless of the magnitude of the
event.

CN.ll Probability of any event is shown to be sufficiently close to zero over time such
that it is incredible that an event willoccur. One can pass through this box any
one of four ways: 1) showing that no FeCN was ever introduced into the tank, 2)
showing that aging of CN results in insufficient fuel presently available, 3)
showing that the (delta H) for each species of CN is sufficiently low, or 4)
demonstrating that the fuel concentration is sufficiently low given the oxidant,
diluent, and temperature.

CN.l l l Using process records and some Ni measurements, it is demonstrated that no
nickel ferrocyanide was ever introduced into the tank.

CN. l l l l Waste processing, transfer, and treatment records reviewed to determine if
ferrocyanide wastes are present in the tank of interest.

CN.1112 Nickel concentration in tank determined via direct measurement as a function of
space.

CN.1113 Comparison of the measured nickel concentration to an upper threshold limit
(Kl). Nickel is one of the unique characteristics for ferrocyanide wastes. Its
absence or a low (relative to a criteria) concentration will indicate that the waste
stored in the tank of interest does not include ferrocyanide waste.

CN.11131 Determination of the upper threshold limit (Kl) for comparison against the
measured nickel concentration. This threshold value will be selected such that
the amount of ferrocyanide waste that is indicated by the nickel concentration
will be below a potentially hazardous level.

CN.l 12 Demonstrated that because of aging of the FeCN, there is insufficient fuel
available to sustain an event.

CN.1121 Comparison showing that nickel is above some limit (Kl) that shows nickel
ferrocyanide was added to the tank while showing that the measured CN
concentration is less than some limit (K2) that would be necessary to sustain an
event. The presence of nickel and the absence of the comparable amount of
cyanide would indicate that the ferrocyanide has aged reducing the fuel content
of the waste.
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CN.11211

CN.l 122

CN.l 123

CN.1124

CN.113

CN.1131

CN.1132

CN.1133

CN.1134

CN.11341

CN.l 14

CN.1141

CN.1142

CN.l 1421

Determination of the nickel concentration threshold (see CN.l 1131) and the CN
concentration limit that would show that aging had occurred. The ratio of these
constituents may be the measure of concern.

An aging model is applied to demonstrate that the CN concentrations relative to
the Ni concentrations are consistent with aging expectations.

Ni concentration measured as a function of space.

CN concentration measured as a function of space.

Insufficient CN or other fuel demonstrated by showing that the reaction enthalpy
(AH) is less than some critical value (K3).

A viable calorimetric measurement method for reaction enthalpy for particular
species is developed.

Reaction enthalpy is obtained for each CN species or an aggregate AH is
measured.

Reaction enthalpy model for determining combined enthalpy (AHJ from all CN
species is applied.

Comparison between combined measured reaction enthalpy (AHJ with critical
value (K3).

Value of reaction enthalpy (heat of the reaction) that will demonstrate
insufficient fuel to sustain a reaction determined.

Given the availability of oxidants, diluents present, catalysts, chemical initiators,
and temperature of the waste, it has been demonstrated that the fuel
concentration is insufficient to sustain any event over time.

Estimate of CN concentration as a function of space and time obtained.

Comparison of estimated CN concentration against critical value of CN given
other waste characteristics.

Critical CN concentration value determined given other waste characteristics.
The critical cyanide concentration will depend on the composition of the waste.
The reactivity of the system is dependent on the ratio of the cyano fuel and the
oxidant, the concentration and nature of diluents such as water or sodium
aluminate, and the presence of catalysts. The most reactive and energetic
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CN.114211

CN.114212

CN.114213

CN.114214

CN.l 14215

CN.114216

CN.12

CN.121

CN.1211

CN.1212

mixture would be expected to be the stoichiometric mixture of the reactants
alone.

Concentration of oxidants determined as a function of space and time. Potential
oxidants include nitrate, nitrite, chromate, and manganese oxides; nitrate and
nitrite are the only oxidants studied to date that are known to react vigorously
with the potential waste cyano species.

Concentration of catalysts determined as a function of space and time. Catalysts
will accelerate the rate of reaction and as a result could reduce the initiation
temperature. Potential catalysts include transition metal oxides or complexants
capable of destablizing the ferrocyanide complex.

Concentration of diluents determined as a function of space and time. Potential
diluents include water, sodium aluminate, excess oxidant, sodium hydroxide,
and any other materials that do not react.

Concentration of chemical initiators determined as a function of space and time.
Other materials whose reactions are more sensitive to initiation than the cyanide
reaction could be present; e.g., an organic and nitrate reaction may begin to
occur at a significant rate at a lower temperature than the analogous cyanide
reaction.

Waste temperature determined as a function of space and time. Temperature is
one of the critical parameters that determines the reaction rate. For a reaction to
be thermally initiated, an event must occur or conditions must exist that will
raise or will allow the temperature to increase to a level where the reaction rate
will exceed the rate of heat loss thus resulting in a self-supporting reaction.

Model applied for determining the maximum CN concentration allowed, given
that the other waste constituents that will not result in a sustainable reaction.

The probability of an event occurring over time is sufficiently greater than zero
such that a credible event can be conceived. The probability of an event
occurring regardless of the magnitude of the event has been determined.

Temperature of the waste determined as a function of space and time.

Initial temperature of the waste determined.

Probability over time of an internal ignition source determined. All potential
sources distinguished from external sources.
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CN.12121

CN.12122

CN.1213

CN.12131

CN.12132

CN.1214

CN.122

CN.1221

CN.1222

CN.12221

CN.12222

CN.12223

CN.12224

CN.12225

CN.12226

CN.123

CN.2

To determine probability of ignition source, must first identify all potential
sources.

Determine the probability for each internal ignition source identified.

Probability over time of an external ignition source determined.

Each potential external ignition source is determined. Several potential sources
include lightning, electrical arcs, grinding, vehicle fire, drilling, etc.

Determine the probability for each external ignition source identified.

Temperature model is applied to determine the expected temperature that would
be achieved from all ignition sources.

Determine the mixture composition that would be available for ignition.

A model to combine each pertinent waste constituent concentration to determine
the combined mixture.

Components comprising combustible mixture determined.

CN concentration as a function of space and time determined.

Concentration of catalysts determined as a function of space and time.

Organics and flammable gas constuent concentrations determined as a function
of space and time.

Concentration of oxidants determined as a function of space and time.

Concentration of chemical initiators determined as a function of space and time.

Concentration of other pertinent waste constituents (diluents) determined as a
function of space and time.

Probability model applied to estimate the probability of an event independent of
event size.

Consequences Determined. The consequences of significant sources of risk
associated with various ferrocyanide reaction events involving the tank are
brought together at this step. Consequences include those attributable to a
specified radiation dose, a toxic chemical exposure, or other possible events with
potentially serious outcomes, such as human injury and environmental damage.
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CN.21

CN.211

CN.212

CN.213

CN.2131

CN.21311

The next step is to estimate the risk of each significant event scenario by
applying a suitable risk model to integrate the consequences of various outcomes
against their probabilities of occurrence. Estimates of risk determined for the
various scenarios are combined to obtain an estimate of total/overall risk.

Radiation Dose Determined. Determining the radiation dose involves three
ordered/prioritized steps. The first is to describe (model) the release of
radioactive material for a particular reaction event. The second is to estimate the
dispersion of released radioactive material by applying a suitable dispersion
model to the estimated release. The third step is to estimate the uptake of
dispersed radioactive material into the human organism.

Uptake Model Applied. The uptake of dispersed radioactive material into the
human tissue is modeled at this point. It is assumed that a suitable dose uptake
model is available for this purpose.

Dispersion Model Applied. The dispersion of released material into the
biosphere for uptake into the food chain is modeled at this point. It is assumed
that a suitable dose dispersion model is available for this purpose.

Radioactivity Release Described. The amount and timing of the release of
radioactive material resulting from a ferrocyanide reaction event are determined
at this step. An initial step in estimating the release is determining the mode of
containment failure. Once the mode of failure is determined, the primary and
secondary inventories of radioactive material associated with the reaction event
are determined. The primary inventory of material is that involved in the
reaction; the secondary inventory refers to that material which is dispersed to
other equipment and hardware (such as instrumentation) as a result of the event.
Finally, a (partition) model is used to estimate the portions of the primary and
secondary inventories of material released for a particular mode of failure and
describe their release with time.

Containment Failure Mode Defined. The containment failure mode is
determined by applying a structural failure model that employs both the physical
properties (e.g., pressure and temperature) associated with the ferrocyanide
event and a description of the structural integrity of the tank. Any potential
projectiles resulting from the ferrocyanide event are also identified at this step.

P, T (t, te, x) Determined. The pressure and temperature changes due to a
ferrocyanide reaction event, expressed as a function of time, are determined at
this point. Pressures and temperatures are used together with other information
(tank structural data, etc.) as inputs to a model to determine the mode of
containment failure for the reaction event.

B.7



CN.213111

CN.2131111

CN.21311111

CN.21311112

CN.213111121

CN.2131111211

CN.2131111212

CN.213111122

CN.213111123

FeCN-nitrate/nitrite reaction characteristics are determined, including predicted
temperature and moles of gas produced, both as a function of reaction time.

Temperature as a function of storage time and event time determined. The
temperature that can occur due to a ferrocyanide reaction will in combination
with the amount of gas produced by the reaction determine the pressure that the
waste's containment vessel will experience during an event. The temperature
that can be reached is 1) dependent on the composition of the waste which is
dependent on the time of storage and 2) how the reaction progresses through the
waste.

Initial temperature of the waste determined as function of location in tank. The
final temperature that will be achieved during an event is dependent on the initial
temperature as the reaction heat will heat the waste incrementally.

Reaction enthalpy as a function of storage and event time determined. The
reaction enthalpy will determine the maximum temperature rise that can result
from a ferrocyanide reaction. The reaction enthalpy is dependent on the
composition of the waste (amount of fuel and oxidant) and how the reaction
progresses through the waste.

Maximum reaction enthalpy determined by calculation. The maximum AH
possible will be the limiting case on what temperature can be reached as a result
of a ferrocyanide reaction. Calculation of the maximum AH will be the first step
in assessing the hazard from a ferrocyanide reaction in a particular waste.

Cyanide content in stored waste determined as function of storage time. If
cyanide is the limiting reagent, the amount of cyanide will determine the
maximum heat that can be produced from a ferrocyanide reaction assuming the
reaction mechanism that produces the maximum enthalpy.

Oxidant content in stored waste determined as function of storage time. If the
amount of oxidant is the limiting reagent, the amount of nitrate and/or nitrite will
determine the maximum heat that can be produced from a ferrocyanide reaction
assuming the reaction mechanism that produces the maximum enthalpy.

Reaction enthalpy for a sample is obtained by direct measurement. Direct
measurement of reaction enthalpy with a qualified calorimeter will be used if the
maximum predicted reaction enthalpy exceeds acceptable levels.

Reaction enthalpy for a particular waste determined based on studies of model
mixtures. Reaction enthalpy is measured for simulated model wastes or is
calculated based on the identity of the gaseous and solids produced determined
from model waste mixtures and reported thermodynamics.

B.8



CN.2131111231

CN.2131111232

CN.2131111233

CN.2131111234

CN.2131111235

CN.2131111236

CN.2131H124

CN.2131111241

CN.21311112411

CN.21311112412

CN.21311112413

Model mixture developed based on the measured chemical characteristics of the
waste of interest.

Reaction enthalpy is measured for the model mixture as a measure of the
reaction enthalpy for the waste of interest.

Model mixture developed based on the measured chemical characteristics of the
waste of interest.

Gases from ferrocyanide reaction in a model mixture measured. The identity
and amount of gases produced will define the reaction mechanism(s) and the
partition function for the different reaction mechanisms that occur. If the
reaction mechanism is known, the reaction enthalpy can be calculated using
either literature values or using experimentally determined values.

Solids resulting from ferrocyanide reaction in a model mixture measured. The
identity and amount of solids produced will define the reaction mechanism(s)
and the partition function for the different reaction mechanisms that occur. If
the reaction mechanism is known, the reaction enthalpy can be calculated.

Reaction enthalpy model applied to calculate the reaction enthalpy that will
result from the gaseous and solid products measured for the model mixtures.

Reaction enthalpy from complex model determined. Based on detailed waste
composition, the initial temperature and knowledge of how different waste
factors and conditions affect the ferrocyanide reaction, the reaction enthalpy will
be calculated.

Waste composition determined. The waste's composition could affect the
maximum reaction enthalpy.

Cyanide concentration at a particular storage time determined. If cyanide is the
limiting reagent, the amount of cyanide will determine the maximum heat that
can be produced from a ferrocyanide reaction assuming the reaction mechanism
that produces the maximum enthalpy.

Oxidant content in stored waste determined as function of storage time. If the
amount of oxidant is the limiting reagent, the amount of nitrate and/or nitrite will
determine the maximum heat that can be produced from a ferrocyanide reaction
assuming the reaction mechanism that produces the maximum enthalpy.

Chemical initiators determined as function of storage time. Certain waste
constituents such as organic complexants can begin to react at an appreciable
rate at temperatures lower than the ferrocyanide begins to occur at an
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CN.21311112414

CN.21311112415

CN.2131111242

CN.2131111243

CN.21311113

CN.213111131

CN.213111132

appreciable rate and the heat thus produced could raise the temperature of the
waste system to the temperature where the ferrocyanide reaction begins at an
appreciable rate.

Catalysts as function of storage time determined. Certain waste constituents
such as transition metal oxides could catalyze the ferrocyanide reaction. The
catalyst could reduce the temperature at which the ferrocyanide reaction occurs
at an appreciable rate or could accelerate the ferrocyanide reaction. In the first
case the temperature of concern could be lowered and in the second, the heat
would be produced faster.

Other waste constituents as function of storage time determined. Waste
constituents that do not participate in the reaction will absorb the reaction heat
and thus will affect the final temperature of the system in the event of a
ferrocyanide reaction. Flammable Gas and Organic Tank waste constituents
determined. The other heat-producing waste constituents (fuels) such as from
the organic and flammable gas wastes are identified. If these other fuels are
present they will contribute to the overall heat produced by the waste.

Initial temperature of waste as function of storage time determined. The starting
temperature could affect the ferrocyanide reaction pathway and thus affect the
heat produced.

Reaction enthalpy model applied. The reaction heat will be calculated based on
the waste composition and the initial waste temperature.

Reaction rate parameters determined. In this step, the parameters of the rate
equation and Arrhenius equation are determined where n (e.g. n, + n2) is the
reaction order, k is the rate constant, A is the frequency factor, Ea is the
activation energy, R is the ideal gas constant, T is temperature, and [CJ is the
concentration of reactant /. The rate of reaction will determine how rapidly the
heat and gaseous products are produced. The reaction rate parameters could be a
function of temperature and the reaction progress. This information must be
incorporated into the temperature and gas production models.

Arrhenius equation pre-exponential factor A determined. The Arrhenius
equation frequency factor is determined. If the ferrocyanide reaction is complex
proceeding via multiple reaction steps that are dependent on temperature, A will
depend on the system temperature. The temperature dependence of the reaction
parameters is required.

Reaction order determined. The reaction order of the ferrocyanide reaction is
determined. As with other rate parameters, the reaction order depends on the
reaction path which can change as the reaction progresses or as the temperature
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increases. The temperature dependence of the reaction parameters is required.
The reactions can be serial or could occur in parallel.

-dC
dt
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RT

CN.213111133

CN.21311114

CN.213111141

CN.2131111411

CN.2131111412

CN.213111142

Arrhenius equation activation energy Ea determined. The Arrhenius equation
activation energy is determined. As with other rate parameters, E, depends on
the reaction mechanism which can vary as the reaction progresses and as the
temperature changes. The temperature dependence of the reaction parameters is
required.

Heat loss determined. The heat loss from the system is determined. The final
temperature that the waste system will reach during a ferrocyanide reaction event
depends on transfer of the heat generated during the reaction from the system.
Heat loss will be a function of temperature.

Thermal gradient determined. The temperature differential between the waste
and its surroundings is determined. The temperature differential between the
waste and its surroundings will determine how rapidly heat will be transferred
from the reacting waste and its environment.

Waste temperature determined. The waste temperature as a function of its age is
determined; the waste temperature will depend on the age of the waste and the
amount and type of radionuclides present in the waste.

External temperature determined. The temperature of the waste storage tanks
surrounding environment is determined as a function of the season and the
waste's age.

Latent heat of gases determined. The amount of heat absorbed by the
ferrocyanide reaction gas products determined. As the reaction occurs, the heat
produced by the ferrocyanide reaction will partition between the gaseous and
solid products. Because of the increased mobility of the gases, some of the heat
of reaction will be removed from the immediate reaction zone and transferred to
the walls of the storage tank or will escape through the exhaust system of the
tank.
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CN.213111143

CN.213111144

CN.21311115

CN.213111151

CN.213111152

CN.21311116

CN.2131112

Thermal conductivity of solids determined. The thermal conductivity of the
waste is determined. The thermal conductivity of the solid waste will determine
the temperature by controlling the rate at which the ferrocyanide reaction heat is
transferred through the waste to the tank walls where it can then be transferred to
the surrounding environment. Thermal conductivity varies as a function of
temperature and is dependent on the composition of the waste.

Heat loss model applied. The heat loss model will take the heat loss
characteristics of the system and will calculate the amount of heat lost during an
event. The inputs for the heat loss model are the thermal gradient, the
thermoconductivity of the waste solids as a function of temperature, and the
latent heat of the gaseous reaction products.

Heat absorption determined. The heat absorption characteristics of the waste
and tank components such as heat capacity and phase change reactions are
determined.

Phase changes determined. Phase changes and decomposition reactions are
additional mechanisms for heat to be absorbed during a ferrocyanide event.
Phase changes and decompositions are temperature dependent.

Heat capacity determined. The heat capacity in units of J/g-°C of the waste is
determined. For purposes of discussion, heat capacity is defined here as the
amount of heat that will be absorbed by the material, the heat absorbed to cause
phase changes, and endothermic decompositions. As the ferrocyanide reaction
occurs, the waste constituents and tank components will absorb the heat
produced and the heat absorbed will increase the temperature based on the
waste's heat capacity. The maximum temperature rise should be achieved for a
stoichiometric mix of the cyanide species and the oxidant with no other materials
present, however, additional waste components will absorb heat and reduce the
maximum temperature rise depending on their heat capacity and concentration.
Heat capacity varies with temperature, therefore, the dependence of heat
capacity on temperature will be required for the temperature model.

Temp Model (T(t, q)) Applied. The temperature model is applied to calculate
the final temperature that will result from a ferrocyanide reaction. Using the
heat produced, the heat lost, the heat absorbed, and the rate that the heat is
produced, the temperature model will calculate the final temperature that will be
reached by the system as the result of a cyanide reaction.

This quantity is the moles of gas produced per mole of FeCN (or equivalent CN
compound) determined as a function of reaction time. Input is from theory
(maximum energy reaction), direct measurement on real samples, laboratory
measurement of model mixtures, or calculated from a complex reaction model.

B.12



CN.21311121

CN.21311122

CN.21311123

CN.213111211

CN. 2131112111

CN. 2131112112

CN. 2131112113

CN. 2131112114

CN. 2131112115

CN.213111212

CN.213111213

CN.2131112131

CN.2131112132

CN.213111214

CN.2131112141

CN.21311121411

CN.21311121412

CN.21311121413

Total gas production assuming all CN oxidized but no time period is used for the
calculation.

(SeeCN.21311113).

Reaction gas model includes reaction rate parameters to determine how the total
gas production varies with reaction time.

Theoretical maximum gas production based on examination of all possible
reaction paths.

(See CN.21311121411).

(See CN.21311121412).

(See CN. 21311121416).

(See CN. 21311121417).

The model sums the total gas production from each theoretical reaction.

Direct measurement from actual tank samples.

Experimental measurement using model mixtures simulating tank compositions.

Representative model mixtures based on process flowsheet data, tank history,
and/or tank sample analysis.

Experimental measurement of the gas produced from a given model mixture.

Complex model uses complex reactions as influenced by waste composition
(concentrations, possible catalysts, initiators, etc).

More detailed waste composition as required to predict reactions and products.
Compound and concentration data needed for the complex reaction gas model.

All species of CN determined.

Oxidants are primarily nitrates and nitrites. Other potential oxidants include
MnO2, and CrO4.

Initiators may be reactive organic materials reacting with nitrate or nitrite salts,
unstable high energy compounds such as metal nitrites, or physical events which
might cause a rise in temperature.
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CN.21311121414

CN.21311121415

CN.21311121416

CN.21311121417

CN.2131112142

CN.2131112143

CN.213112

CN.213113

CN.213114

CN.21312

CN.21313

CN.21314

Catalysts may include metals, metal oxides, or other compounds including metal
complexes.

Inert materials include nonreactive inorganic compounds.

Total water that may become vaporized. Includes water of hydration which
becomes gas at reaction temperature. Water produced from the oxidation of
organic compounds and from flammable gases is treated separately.

Organic fuel components and flammable gas composition determined (input
from separate task).

The actual existing temperature in the potential reaction zone.

The model considers different reaction paths, giving different gaseous products
and energies, as well as initiating events, catalysts, energy producing organic-
compound reactions, and the effect of inert compounds which may absorb heat.

Head space is defined as the open volume in the tank above the solid-liquid
level. Void volume is the free volume in the waste itself, e.g., gas space in dried
waste material.

This input includes all other reactions which may influence FeCN behavior by
raising the temperature or providing new reactive species. These include organic
compound-nitrate/nitrite reactions, liquid burning, and gas combustion in the
head space. These are described elsewhere.

The model applies fluid dynamics as well as standard P-V-T relations and the
necessary thermodynamics and kinetics to calculate both temperature and
pressure based on reactions at different locations in the tank.

Tank Structural Data Determined. Information about the structural integrity of
the tank is obtained at this point. Structural integrity information is required to
determine the mode of containment failure due to a ferrocyanide reaction event.

Identify Potential Projectiles. Any projectiles that could possibly result from a
ferrocyanide reaction event are identified. This information, taken together with
information about structural properties of the tank and physical properties of its
contents, are used in structural failure model to determine the mode of
containment failure.

Structural Failure Model Applied. A structural failure model is applied to
information about structural properties of the tank and physical properties of its
contents to determine the mode of containment failure. To implement this step,
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CN.2132

CN.2133

CN.21331

CN.21332

CN.213321

CN.2133211

it will be necessary to develop a suitable structural failure model unless one is
already available.

Secondary Radiation Inventory Determined. The secondary radiation inventory,
which is that radioactive material dispersed as a result of the ferrocyanide event
to other equipment and hardware associated with the tank, is determined at this
step. The secondary inventory depends on the mode of containment failure. The
steps for determining the secondary radiation inventory from a ferrocyanide
event are identical to those employed to determine this inventory for resolving
the flammable gas issue. These replicate steps are not reproduced here; instead,
the reader is referred to the appropriate point in the text that accompanies the
flammable gas structured logic diagram. (See Flammable Gas Description.)

Event Radiation Inventory Determined. The primary radiation inventory, which
is the inventory of material directly released as a result of the ferrocyanide
reaction, is determined at this step. The primary inventory depends on the mode
of containment failure. The determination of primary radiation inventory
involves two tiers of modeling. First, a bounding calculation is done under the
assumption that the total inventory of radioactive material in the tank is released.
For tanks where this bounding calculation in insufficient (i.e., fails to produce an
acceptably low estimate of risk), the inventory of radioactive material released is
calculated more precisely using characteristics/properties of the reaction.

Assume Total Tank Inventory Released. Initially, the bounding assumption is
made that all of the radioactive material in the tank is released as a result of a
ferrocyanide reaction. If this estimate leads to unacceptably large estimates of
risk, then a more conservative estimate of the amount of material released is
calculated.

Event Radiation Inventory Calculated. The amount of radioactive material
released as a result of a ferrocyanide reaction is calculated at this point. For
each radionuclide, the amount of release is calculated as a function of its
concentration and the volume of the material involved in the ferrocyanide
reaction.

Event Volume Determined. The volume of material involved in the ferrocyanide
reaction is calculated by means of a suitable explosion model. The explosion
model depends on the location/geometry of the ferrocyanide reaction event and
the characteristics of both the ferrocyanide and non-ferrocyanide constituents
involved.

Location/Geometry of Event Determined. The location and geometry of the
ferrocyanide reaction are key inputs to the explosion model used to calculate the
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CN.2133212

CN.2133213

CN.2133214

CN.213322

CN.2134

CN.22

CN.23

volume of material involved in a ferrocyanide event. These inputs are
determined at this point.

Rx Characteristics of FeCN Reaction Determined. The characteristics of the
ferrocyanide reaction are determined at this point. The characteristics include
the temperature of the system (tank) and the amount (moles) of gas produced by
chemical activity in the tank. Both temperature and the amount of gas produced
are required as functions of time. (See d for parallel discussion; see c for logic
for determining temperature; see f for logic for determining the amount of gas
produced.)

Rx Characteristics of Non-FeCN Reaction Determined. (See Organics &
Flammable Gas strategies for parallel discussion.)

Explosion Model Applied. With information about the location and geometry of
a ferrocyanide reaction, together with information about reaction characteristics
of both ferrocyanide and relevant non-ferrocyanide tank constituents as inputs,
an explosion model is used to determine the volume of material involved in the
reaction event. It will be necessary to develop a suitable explosion model if one •
is not already available.

Radioactive Concentration of Event Volume Determined. The concentrations of
radioactive constituents in the volume of material actually involved in the
ferrocyanide reaction are calculated at this point. These concentrations, together
with the estimated reaction volume itself, are used to calculate the radioactive
inventory for the event.

Radiation Partition Model Applied. At this point, the radioactive release, over
time, is modeled as a function of the containment failure mode and the estimated
primary and secondary inventories of radioactive material released. A key
component of the model is the algorithm for partitioning primary and secondary
inventories as appropriate to the mode of containment failure.

Exposure to Toxic Chemicals Determined. The exposure to toxic chemicals
resulting from a ferrocyanide reaction event in the tank is determined/estimated/
modeled at this point.

Other Consequences Determined. Any consequences of a ferrocyanide reaction
event on the tank, other than those attributable to radiation or chemical exposure,
are determined at this point. Major consequences include those involving human
injury and environmental damage.
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CN.231 Human Injury Potential Defined. The potential for human injury resulting from
a ferrocyanide reaction event in the tank is modeled/determined/established/
estimated at this point.

CN.232 Environmental Damage Described. The potential for environmental damage
resulting from a ferrocyanide reaction event in the tank is modeled/determined/
established/estimated at this point.

CN.3 A risk model is applied that combines the probability of an event with the
consequences to calculate risk.

B.17



Appendix C

How to Fill Data Needs

c.i



This page(s) is (are) intentionally left blank.



Appendix C

How to Fill Data Needs

Each of the SLDs identifies the data or information required for a particular pathway. Both an estimate
of the parameter of interest and the uncertainty associated with that estimate is needed to carry out the
eventual risk calculations. There are a number of ways to fill the data/information needs identified in the
SLDs. Figure C.I illustrates how one could fill these data/information needs and estimate the
corresponding uncertainties.

The first step is to identify the population of interest. For example, are we interested in the average
cyanide concentration in the tank, the cyanide concentration in a particular layer, or the concentration
within a segment of a particular core. The population of concern relates to the decision inference space.
Next, one must determine whether a rough bounding estimate is desired or an estimate with an associated
uncertainty is needed.

If some nominal estimate is desired, those estimates can be obtained from measurements on sampled
material or insitu measurements, models or indirect measures, or a combination of direct and indirect
estimates. Estimates from sampled material or insitu measurements could be obtained from the tank of
interest or from tanks that are similar. Indirect estimates could be obtained via models/simulations,
laboratory experiments on waste material or simulated mixtures, predictions based on related/correlated
parameters, or using expert opinion.

To estimate uncertainties associated with some nominal estimate, one must first identify the pertinent
sources of uncertainty that affect the estimate. Generally, these can be classified into uncertainties due to
sample representativeness, measurement variability, spatial variations, and mode] uncertainties. The
uncertainty parameter of interest must then be identified. For example, are we interested in the relative
standard deviation, some bias, a particular percentile, or defining an empirical distribution. The
uncertainty estimates can be obtained in a similar fashion to obtaining nominal value estimates.

Figure C. 1 is intended to be very general and is probably incomplete at this time. However, this
demonstrates how using sensitivity analyses and value of information (VOI) approaches, tradeoffs
between the methods chosen to fill data needs can be examined.
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