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SUMMARY

This document records the data quality objectives (DQO) process applied to the
Ferrocyanide Safety Issue at the Hanford Site. Three important outputs of
this particular DQO application were the following: (1) decision rules
addressing historical data, fuel degradation (aging), and categorization of
Ferrocyanide Watch List tanks; (2) recommendations for which tanks should be
sampled and the number of tank cores or samples to be taken: and (3)
a?a1yt1ca1 requirements that feed into the tank-specific characterization
plans. .

The decision rules developed in this DQO allow the ferrocyanide tanks to be
categorized as safe, conditionally safe, or unsafe based on fuel and moisture
concentrations. The decision rules also allow historical data and aging
models to be corroborated by measuring fuel, moisture, total organic carbon,
and nickel concentrations.

The number of core samples required to characterize a ferrocyanide tank is a
function of variability and the desired confidence to make a correct decision.
Assuming variability estimated from the tanks sampled thus far are
representative, two cores are sufficient to characterize a ferrocyanide tank.

The analytical reguirements from this DQO process fall into two groups,
primary and secondary. The primary data requirements are always applied,
while the secondary requirements are only necessary on those quarter/ha
segments with measured fuel concentrations greater than 480 Joules per gram
(J/g) on a dry-weight basis or that violate the moisture decision threshold.

In addition to the current data requirements, future data requirements for the
Ferrocyanide Safety Issue are examined in Appendix C. These data requirements
are based on the revised approach to safety characterization (Meacham et al.
1995). The changes reviewed in Appendix C will be incorporated after
implementation of the revised approach to safety characterization.
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1.0 SCOPE OF THE FERROCYANIDE DQO PROCESS

The primary scope of the Ferrocyanide DQO process is to assist in determining
the interim safe storage status of the Ferrocyanide Watch List tanks and to
help corroborate the historical and aging data that will be used to resolve
the Ferrocyanide Safety Issue. Specifically, the Ferrocyanide DQ0 process
defines the type, quantity, and quality of data required to categorize the
ferrocyanide tanks (as safe, conditionally safe, or unsafe) and to resolve the
-~ safety issue.

A1l available sources of characterization information are used including the
original process flowsheets, waste transfer histories, waste laydown models,
simulant experiments, ferrocyanide degradation (aging) data, and sampling
results. In addition, this DQO process provides 1inkage with other safety
issues (i.e., transfer of key issues that are outside the scope of this DQO
pqocess to other DQO processes) and Tank Waste Remediation System functional
elements.
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2.0 STATEMENT OF THE PROBLEM

Various high-level radioactive waste from defense operations has accumulated
at the anford Site in underground storage tanks since tt mi " "940s. During
the 195us, additional tank storage space was required to support the defense
mission. To obtain this additional storage volume within a shor* **=e period,

Hanford Site scientists developed a process to scavenge cesium-] om tank
wast - liquids (Sloat 1954, 1955). In implementing this process, ox lately
140 wet-*- tons (154 tons) of ferrocyanide were added [as Fe(CN._ _ _) waste

that was fater routed to some Hanford Site single-shell tanks (S5Ts).

The scavenging process precipitated ferrocyanide from lutions containing
nitrat nitrite, and an intimate mixture of ferroc-7iucs ~~d nitrates/
nitrites may exist in some SSTs. Ferrocyanide, in ufficiently high

concen ‘ations and mixed with oxidizing material such as sodium
nitrate/nitrite, can be made to react exothermically by heating it to high
temperatur-~ (Epstein et al. 1994a). Therefore, it is desired to know if
there exis  a potential for an exothermic ferrocyanide reaction that could
produce i ‘adioactive release. :

Revie of process flowsheets and waste transfer records (Borsheim and Simpson
1991) ndicated that eighteen tanks received ferrocyanide waste, and thus fall
under che scope of this DQ0. The Ferrocyanide Watch List (WHC 1994) is
comprised of the following tanks:

e 241-BY-103 e 241-C-108
e 241-BY-104 e 241-C-109
e 241-BY-105 e 241-C-111
e 241-BY-106 e 241-C-112
e 241-BY-107 e 241-T-107
o 241-BY-108 e 241-TX-118
e 241-BY-110 e 241-TY-101
e 241-BY-111 e 241-TY-103
e 241-BY-112 e 241-TY-104
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5. Is enough moisture present in the waste to prevent a propagating
reaction? If not. the waste is categorized as unsafe and the decision

process ends here.

6. Does the waste have the potential to dry during interim storage? If not,
then the tank is categorized as. conditionally safe and the decision
process ends here. If the moisture concentration could decrease to below
safe levels during interim storage, then the tank is categorized as

unsafre.

3.3 DECISION INPUTS

Decision inputs may consist of any piece of information or data that can help
answer the decision. The decision inputs required to make the decisions are
summarized in Table 3-1. The decision input is Tisted along with the reason
it is needed. Each of the decision inputs are connected to one of the six
decisions Tisted in Section 3.2.

3.4 BASES FOR DECISION INPUTS

Data on fuel and moisture concentration are necessary to categorize a
ferrocyanide tank as safe, conditionally safe, or unsafe. The waste must
exceed a minimum fuel concentration to support a propagating reaction. This
mini— 1 fuel concentration, based on empirical data and theoretical
calcuiations (Fauske 1995), is 1200 J/g on a dry-weight basis. To judge
whether waste exceeds this minimum, the fuel concentration (i.e.. the
exothermic energy in J/g) must be determined experimentally.

Differential Scanning Calorimetry (DSC) will be used to screen the exothermic
energy concentration of ferrocyanide waste samples. For each tank, the sample
that exhibits the greatest exothermic energy during DSC analysis will also
analyzed by adiabatic calorimetry (AC) analysis. However, if no exotherms
above 480 J/g (dry- we1ght basis) are found in any of the samples. AC analysis
is not required.

The re~cn=- Fam odrotos k imetry testing are twofold. First, relatively
la 2 p ) .1, ..., prov..2s greater assuran
that : S......ive of the bulk of the sampled material.

Second, the observed self- heat1ng behavior is evidence of the kinetics and
energetics of the reactions in dried waste, and is a more direct test of
whether a waste could support an exothermic propagating reaction.

In sufficient quantity, moisture can prevent a propagating reaction.
Adiabatic calorimetry and reaction rate tests on ferrocyanide waste simulants
have shown that propagating ferrocyanide reactions cannot occur if the wt%
moisture exceeds 0.022 [fuel (in J/g) - 1200] (Fauske 1995). Moisture
concentration should be measured by thermogravimetric analysis (TGA).
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Data on fuel and nickel concentrations can also be used as evidence of
ferrocyanide waste aging (Babad et al. 1993, Lilga et al. 1993, 1994).
Experiments replicating the original process flowsheets (Jeppson and Wong
1993, Jeppson and Simpson 1994) showed fuel concentrations in sludges ranging
from 5 to 26 wt% Na,NiFe(CN), (on a dry basis). Using the Towest of these
values and a heat of reaction (AH) of 9,600 J/g of Na,NiFe(CN), (Fauske 1995),
the fuel concentration should exceed 480 J/g in the ferrocyanide waste if no
aging has occurred.

Cyanide and total organic carbon (TOC) analyses provide information on fuel
characterization. These measurements are necessary to determine whether a
waste tank should be covered by this DQO or the Organ” DQO and whether it
belongs on the Ferrocyanide or Organic Watch List (possibly both). Total
cyanide should be measured by dissolving the waste sample in an
ethylenediaminetetraacetic acid/ethylenediamine solution, followed by
argentometric titration or other suitable detection technique. Direct
persulfate oxidation is recommended to determine TOC; however, other
techniques that meet the desired analytical uncertainty are also acceptable.

Analyses for total carbon, particle size, and aluminum, bismuth, calcium,
iron, phosphorus, sodium, and other cations help corroborate waste laydown and
waste dry out (moisture retention and hot spot) models. These analysés are
important to confirm that actual waste is bounded by waste simulant
experiments (Jeppson and Wong 1993, Epstein et al. 1994b), and that the
conclusions from these experiments apply to actual waste.






4.0 DECISION RULES

To formulate the decision rules, it is necessary to assume that the tank
characteristics are known. Under this assumption of no uncertainty, the
outputs from the previous DQO s*~ns are integrated into an unambiguous
"If...then..." statement that ou.lines the conditions under which alternative
actions will be chosen. Action Timits or decision thresholds he.. been
defined to produce the decision rules shown in Table 4-1.

Table 4-1. Decision Rules

C IF
._PEC1Sj°n 1 (Mecision Threshold) THEN
1 No ferrocyanide waste Tank does not belong on Ferrocyanide
) was transferred to tank Watch List. Stop. _

Fuel concentration Measure nickel concentration to
< 480 J/g confirm aging and historical models

2 (3A).
Fuel concentration Measure nickel, total cyanide, and
2 480 J/g TOC to determine fuel source (3B).

Ferrocyanide has degraded. Waste

3A. Nickel = 8,000 ppm categorized as safe, stop.

Nickel < 8,000 ppm Fuel is non-ferrocyanide. Go to

* or %C N 2550 v:vtt%% other DQO. stop.

Waste cannot support a propagating

4. Euigogogigntrat1on Efggtion. Waste categorized as safe,
Moisture concentration > | Measure temperature, _. ._mine dry out
0.022 [fuel (J/g) - 1200] { models, and collect cation, particle
5 si: and f al 1+ mn.: :a.

Moisture concentration = | Waste categorized as unsafe. stop.
0.022 [fuel (J/g) - 1200]

Waste will not dry out Waste categorized as conditionally
during interim storage safe, stop.

Waste can dry out during | Waste categorized as unsafe, stop.
interim storage

The first decision threshold, whether a tank contains ferrocyanide, is a
qualitative input from detailed examinations of waste transfer records
(Borsheim and Simpson 1991). That is, based on historical records, a tank
either received ferrocyanide waste or not. This is significant because tanks

11
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have been added and removed from the Ferrocyanide Watch List (Meacham et i
1993) based on these examinations.

The second decision threshold, whether the waste has aged, is based on the
fuel values predicted in the lowest concentration flowsheet material ( :ppson
and Wong 1993, Jeppson and Simpson 1994, Sloat 1954, 1955). The nickel
threshold of 8,000 ppm is based on the minimum nickel concentrations expected
in ferrocyanide sludges (Jeppson and Wong 1993, Jeppson and Simpson 1994).

The total cyanide threshold of 2.5 wt% is based on the cyanide concentration
that would produce an exotherm of 480 J/g, and the TOC threshold is based on
the TOC fuel concentration criterion for identifying organic tanks (Webb

et al. 1995). Fuel and moisture decision thresholds (thresholds four and
five, respectively) are based on the conditions necessary to support a
propagating reaction (Fauske 1995).

The final decision threshold, whether the ferrocyanide waste can dry out, is a
function of the waste temperature, heat-load, tank breathing rate, and the
chemical, physical, and rheological properties of the waste. A study that
examined the available data (Epstein et al. 1994b) concluded that ferrocya de
waste will not dry to unsafe levels under current storage conditions (i.e., no
active ventilation and no external heating). Cation, particle size, and total
carbon analyses may be required to confirm that the actual waste parameters
are bounded by the waste simulants tested.

12
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5.0 BOUNDARIES AND CONFIDENCE LIMITS FOR DECISION INPUTS

In Section 4.0, the decision thresholds were summarized. Because the decision
threshold values deter....1e the Togic path in the DQ0, acceptable boundary and
confidence levels must be defined to determine whether the decision input
meets the threshold value. A summary of the boundaries and confidence Tevels
for the Ferrocyanide DQO effort is presented in Table 5-1. In some cases, the
determination of the decision input and its comparison to the decision
threshold 1imit may be based on a qualitative interpretation of the data or
1nf$rgat10n source as compared to a statistical determination of the
confidence.

Table 5-1. Decision Boundaries and Confidence Limits

Decision s Confidence
Boundary Decision Threshold Limit*
. High (Best
1. No ferrocyanide waste . .
Tank - was transferred to tank Eﬂﬁi;;i;ﬁg?
12 cm ferrocyanide sludge 2. Fuel concentration 80%
layers (all Y% segments) < 480 J/g
12 cm ferrocyanide sludge 3A. Nickel = 8,000 ppm 80%

layers (all % segment<)

12 cm ferrocyanide sludge 3. Nickel < 8,000 ppm

layers (~asured on all )
% segmerius with fuel ggg %C N 25 %vt‘/;t% 80%
concentration > 480 J/g)

12 cm ferrocyanide sludge

layers (all % segments) and 4. Fuel concentration 954
24 cm saltcake layers (all < 1200 J/g

Y segments)

12 cm ferrocyanide sludge .

lay s (all ¥ segments) and | ° g?g)ggu['fuglo%/ét)r?ti%oﬁ 99 7%

24 cm __ltcake layers (all
% segments)

. High (Best
6. Waste will not dry out . .
Tank during interim storage Eﬂﬂkﬂ;ﬁ;%ﬂ?

* Confidence 1imit that the decision threshold is satisfied for the sample
~defined by the decision boundary.

13
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The fuel and moisture decision thresholds are applied to each quarter segment
(12 cm) of sludge waste and half segment (24 cm) of saltcake waste (Postma

et al. 1994). The nickel decision threshold (3A) is applied to quarter
segments of sludge and is measured on all quarter segments. Nickel is not
measured on saltcake waste. Nickel, total cyanide, and TOC decision
thresholds (3B) are applied to any quarter segment of sludge (half segment of
saltcake) whose measured fuel concentration is greater than 480 J/g.

When determining the acceptable confidence 1imit on a tank measurement to be
used for making a decision, the consequences of an incorrect decision must be
assessed. It is tempting to ignore statistical uncertainties and state that
whenever a decision threshold is exceeded, that the correct decision will e
made with 100% confidence. However, statistical uncertainties cannot be
ignored. Thus, acceptable confidence 1imits must be specified considering the
consequences of incorrect decisions.

The consequences of concluding that a waste has aged when the true fuel
concentration is actually slightly greater than 480 J/g are very small because
this waste could still not support a propagating reaction (a fuel
concentration greater than 1200 J/g would be required). If a high confidence
limit (e.g., 95% or 99%) were specified for the aging decision rule, the
result would be more stringent and costly sampling requirements that do not
reflect the actual ferrocyanide risk. Therefore, it was deemed acceptable to
have a 20% probability of concluding that a tank has aged when the true fuel
concentration is 480 J/g. This same argument holds true for the nicke , total
cyanide, and TOC decision rules (3A and 3B).

However, the consequence of making an incorrect decision increases as -~ e fuel
value increases and the moisture value decreases. To reflect this, the
acceptable probability of miscategorizing a tank decreases as the fuel value
increases. Only a 5% chance is acceptable for conclu ng that a tank with a
fuel concentration greater than 1200 J/g is less than this value (decision
rule 4). The worst error is to conclude that a waste as sufficient moisture
when in fact it actually contains high fuel and.low moisture (decision

rule 5). Therefore, the acceptable probability of this error is only 0.3%.

14
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6.0 DECISION INPUT SOURCES

The sources used for
The input sources for each

of the decision inputs are presented.

Table 6-1. Information Sources for Decision Inputs
Decision Input Input Source
1. Identification of Process flowsheets and waste transfer
ferrocyanide tanks histories. _
2 Fuel Waste Taydown model, aging model, and core
' sample data from tanks that bound aging.
3A. Nickel Pr~~~ss flowsheets and wa..2 sampling data.
3B. $8Eke]' cyanide. and | yaste sampling data.
Process flowsheets, waste laydown model,
4. Fuel simulant experiments, chemical reaction theory,
‘ and sampling data.
Observation of waste surface, moisture
5. Moisture monitoring data, waste dry out model, and
sampling data.
6. Total carbon. cation,
particle size, and Surveillance data, heat-load models, tank .
was%e dry out . breathing rates, and sampling data.
analveesg '

15
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A.2 DETERMINING THE NUMBER OF CORES REQUIRED

Let n denote the sample size (number of cores) required to carry out a
statistical test for the population mean. This n should be chosen to satisfy
constraints on the Type I and Type Il error rates of the test. These error
rates are functions of u, the unknown true value of the parameter of interest.
To calculate n, at least two constraints must be specified. A Type I error
rate is specified for y = y, (where y, is the decision threshold), and a

Type II error rate is specified at some y value, p,. which is within the range
of H,. Such constraints can be written as

Type I error rate (when u = ) = «

and
Type II error rate (when py =y, < ) < B

The latter error rate can be written as

Pry., (T> t, ., <B

or equivalently,

Pr,., (T < t, ) >1-P (A-2)

Notice that for a fixed Type I error rate a, the critical value t,,, is a
function of n. Therefore, the sample size n can be determined based on this
inequality. :

When the true population mean is p,, y, = u,, the distribution of T is no
longer a central t-distribution. According to statistical theory (Johnson and
Kotz 1970), T has a non-central t-distribution with n-1 degrees of freedom and
non-centrality parameter &, where

5 = Filo (A-3)
o/vyn

and o is the population standard deviation. To satisfy the Equation A-2, the
(1-B)-th percentile of this non-central t-distribution, denoted by t,; .,
must be greater than the critical value of the test, t, ,. That is

(A-4)

tl -8,n-1,8 > ta , n-1

These percentile values can be found in tables of the non-central
t-distribution or by using functions available in many mathematical and
statistical packages. The minimum value of n for which Equation A-4 hc 1s is
the number of samples required to satisfy the constraints on the Type I and
Type II error rates.

A-4
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The analysis for ferrocyanide concentration indicated that the tank-to-tai
variation for fuel concentration was not statistically different from zero.
Therefore, the sources of the overall variation of ferrocyanide concentration
at a quarter segment layer of a tank include only core-to-core (spatial)
variation and analytical variation. The overall RSD for ferrocyanide
concentration was calculated by the following formula

RSD

overall

= Jllasu

spatial

)2 + (RSDanalytical) 2

The variance component estimation yielded the spatial RSD estimate of 21% and
the analytical RSD estimate of 5%. The combined uncertainties resulted in a

22% overall RSD. This RSD estimate was used to calcL ite the number of cores
required for the safe versus conditionally safe or unsafe decision rule.

For moisture concentration, the tank-to-tank variation was statistically
different from zero, implying that the concentration of moisture varied
significantly from tank to tank. To obtain a conservative RSD estimate for
moisture concentration for all tanks, the tank-to-tank variation was also
included in the overall RSD. The formula used to calculate the overall RSD

estimate was

RSDoverall = \/_(K“"Dtank)z + (R‘S"Dspatial)2 + (R‘S"Danalytical)2

The estimates of the tank RSD, spatial RSD, and analytical RSD are 6.6%, 10%.
and 2.5%, respectively. The combined uncertainties resulted in a 12% overall
RSD. For the conditionally safe versus unsafe decision rule, the RSD of K
[where K = Fuel (in J/g) - 45 moisture (in wt%)] is needed. The variance of
ferrocyanide and moisture can be calculated by using he corresponding
RSD,,eran @nd estimated overall mean. The RSD,,...;; for K is equal to the ratio
of the variar : of K to the estimated mean value of K. Tt time  : of
overall RSD tor K is 22%.
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Table 3-1.

Decision Input
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Summary of Decision Inputs

Decision

Reason for Required
Decision Input

1. Identification | Did tank receive | Identification of tanks that

of ferrocyanide ferrocyanide? contained ferrocyanide focuses
tanks anjlyses and sampling efforts

2. Fuel Does Determines whether the reaction
ferrocyanide hazard has been mitigated via
still exist? degradation of the ferrocyanide

fuel.

3A. Nickel Did the Nickel is an indicator analyte
ferrocyanide that confirms that the tank once
age? contained ferrocyanide waste and

that the waste has aged.

3B. Nickel, cyanide, | Is the fuel Determines whether the fuel

and total ferrocyanide? source is something other than
organic carbon ferrocyanide.

4. Moisture Surface moisture | Even if sufficient fuel is
concentration present, a propagating reaction
greater than cannot occur if enough moisture
20 wtk? is present.

5. Fuel and Surface Determines if the waste can

moisture chemically support an exothermic propagating
reactive? reaction.

6. MWaste dry out Will the waste Determines whether the waste will

analysis dry out? dry out, possibly moving the

waste to the unsafe category.
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The first decision threshold, whether a tank contains ferrocyanide, is a
qualitative input from detailed examinations of waste transfer records
(Borsheim and Simpson 1991). That is, based on historical records, a tank
either received ferrocyanide waste or not. This is significant because tanks
have been added and removed from the Ferrocyanide Watch List (Meacham et ¢ .
1993) based on these examinations.

The second decision threshold, whether the waste has aged, is based on the
fuel values predicted in the lowest concentration flowsheet material (Jeppson
and Wong 1993, Sloat 1954, 1955, Postma et al. 1994). The nickel thresho?d of
8,000 ppm is based on the minimum nickel concentrations expected in
ferr?cygggge sludges (Jeppson and Wong 1993, Jeppson and Simpson 1994, Postma
et al. ).

The total cyanide threshold is based on the cyanide concentration that would
produce an exotherm of 480 J/g, and the TOC threshold is based on the TOC fuel
concentration criterion for identifying organic tanks (Webb et al. 1995).

Fuel and moisture decision thresholds (thresholds four and five, respectively)
are based on the conditions necessary to support a propagating reaction
(Fauske 1995).

The final decision threshold, whether the waste surface can dry out, is a
function of the waste temperature, heat-load, tank breathing rate, and the
physical and rheological properties of the waste. A study that examined the
available data (Epstein et al. 1994) concluded that ferrocyanide waste will
not dry to unsafe levels under the current storage conditions (i.e., no active
ventilation and no external heating). Therefore, no additional chemical or
rheological analyses are required to determine if the ferrocyanide sludge will
re;ain sufficient moisture during interim storage to remain conditionally
safe.
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