We put science to work.™

Savannah River
National Laboratory ™

OPERATED BY SAVANNAH RIVER NUCLEAR SOLUTIONS

DEVELOPMENT OF AN ANTIFOAM TRACKING
SYSTEM AS AN OPTION TO SUPPORT THE MELTER
OFF-GAS FLAMMABILITY CONTROL STRATEGY AT
THE DWPF

T. B. Edwards
D. P. Lambert

August 2014

SRNL-STI-2014-00323

SRNL.DOE.GOV




SRNL-STI-2014-00323
Revision 0

DISCLAIMER

This work was prepared under an agreement with and funded by the U.S. Government. Neither the

U.S. Government or its employees, nor any of its contractors, subcontractors or their employees,
makes any express or implied:

1. warranty or assumes any legal liability for the accuracy, completeness, or for the use or
results of such use of any information, product, or process disclosed; or
2. representation that such use or results of such use would not infringe privately owned
rights; or
3. endorsement or recommendation of any specifically identified commercial product,
process, or service.
Any views and opinions of authors expressed in this work do not necessarily state or reflect those of
the United States Government, or its contractors, or subcontractors.

Printed in the United States of America

Prepared for
U.S. Department of Energy

il



SRNL-STI-2014-00323
Revision 0

Keywords: carbon, oxalate, formate,
nitrate, TOC, uncertainty, random, bias

Retention: permanent

DEVELOPMENT OF AN ANTIFOAM TRACKING
SYSTEM AS AN OPTION TO SUPPORT THE MELTER
OFF-GAS FLAMMABILITY CONTROL STRATEGY AT

THE DWPF

August 2014

@ Savannah River
National Laboratory ~
Prepared for the U.S. Department of Energy under OPERATED BY SAVANNAH RIVER NUCLEAR SOLUTIONS
contract number DE-AC09-08SR22470.

iii



SRNL-STI-2014-00323

Revision 0
REVIEWS AND APPROVALS
AUTHORS:
T. B. Edwards, Applied Computational Engineering and Statistics, SRNL Date
D. P. Lambert, Process Technology Programs, SRNL Date
TECHNICAL REVIEW:
Document Review per E7, 2.60
E. P. Shine, Applied Computational Engineering and Statistics, SRNL Date
APPROVALS:
D. H. McGuire, Manager Date
Process Technology Programs, SRNL
S. L. Marra, Manager Date
Environmental & Chemical Process Technology Research Programs, SRNL
E. J. Freed, Manager Date

DWPF/Saltstone Facility Engineering, SRR

v



SRNL-STI-2014-00323
Revision 0

Executive Summary

The Savannah River National Laboratory (SRNL) has been working with the Savannah River
Remediation (SRR) Defense Waste Processing Facility (DWPF) in the development and implementation
of an additional strategy for confidently satisfying the flammability controls for DWPF’s melter
operation. An initial strategy for implementing the operational constraints associated with flammability
control in DWPF was based upon an analytically determined carbon concentration from antifoam. Due to
the conservative error structure associated with the analytical approach, its implementation has
significantly reduced the operating window for processing and has led to recurrent Slurry Mix Evaporator
(SME) and Melter Feed Tank (MFT) remediation.

To address the adverse operating impact of the current implementation strategy, SRR issued a Technical
Task Request (TTR) to SRNL requesting the development and documentation of an alternate strategy for
evaluating the carbon contribution from antifoam. The proposed strategy presented in this report was
developed under the guidance of a Task Technical and Quality Assurance Plan (TTQAP) and involves
calculating the carbon concentration from antifoam based upon the actual mass of antifoam added to the
process assuming 100% retention.

The mass of antifoam in the Additive Mix Feed Tank (AMFT), in the Sludge Receipt and Adjustment
Tank (SRAT), and in the SME is tracked by mass balance as part of this strategy. As these quantities are
monitored, the random and bias uncertainties affecting their values are also maintained and accounted for.
This report documents:

1) the development of an alternate implementation strategy and associated equations describing the
carbon concentration from antifoam in each SME batch derived from the actual amount of antifoam
introduced into the AMFT, SRAT, and SME during the processing of the batch.

2) the equations and error structure for incorporating the proposed strategy into melter off-gas
flammability assessments.

Sample calculations of the system are also included in this report. Please note that the system developed
and documented in this report is intended as an alternative to the current, analytically-driven system being
utilized by DWPF; the proposed system is not intended to eliminate the current system.

Also note that the system developed in this report to track antifoam mass in the AMFT, SRAT, and SME
will be applicable beyond just Sludge Batch 8. While the model used to determine acceptability of the
SME product with respect to melter off-gas flammability controls must be reassessed for each change in
sludge batch, the antifoam mass tracking methodology is independent of sludge batch composition and as
such will be transferable to future sludge batches.
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1. Introduction

The Savannah River National Laboratory (SRNL) has been working with the Savannah River
Remediation (SRR) Defense Waste Processing Facility (DWPF) in the development and implementation
of an additional strategy for confidently satisfying the flammability controls for DWPF’s melter operation
during the processing of Sludge Batch 8 (SB8). The flammability controls for SBS were developed by
Choi [1], who established a framework of operational constraints that include limitations on the carbon
concentration from antifoam. The constraints developed by Choi maintain the contributors to melter
flammability to less than 60% of the lower flammability limit (LFL) [1]. An initial strategy for
implementing these operational constraints in DWPF was documented by Edwards [2] in the form of a
decision support system based upon an analytically determined carbon concentration from antifoam.
Since the implementation of the decision support system into its operation, the DWPF has identified
issues related to the impact of the system on melter feed composition. Due to the conservative error
structure associated with the analytical approach underlying the decision support system, implementation
of this control has significantly reduced the operating window for processing and has led to recurrent
Slurry Mix Evaporator (SME) and Melter Feed Tank (MFT) remediation.

To address the adverse operating impact of the current implementation strategy, SRR issued a Technical
Task Request (TTR) to SRNL requesting the development and documentation of an alternate strategy for
evaluating the carbon contribution from antifoam [3]. The proposed strategy involves calculating the
carbon concentration from antifoam based upon the actual amount of antifoam added to the process
assuming 100% retention. The purpose of this report is to document the following:

1) The development of an alternate implementation strategy and associated equations describing the
carbon concentration from antifoam in each SME batch derived from the actual amount of antifoam
introduced during the processing of the batch.

2) The error structure for incorporation of the proposed strategy into melter off-gas flammability
assessments.

This work was conducted under the guidance of the Task Technical and Quality Assurance Plan
(TTQAP) provided in reference [4]. Section 2 provides a background discussion of the melter
flammability controls and the implementation strategy currently being utilized by DWPF. Section 3
provides the proposed strategy for tracking the antifoam additions to a SME process batch: Tracking these
additions is done on a mass basis with the mass of antifoam being monitored in the Additive Mix Feed
Tank (AMFT), in the Sludge Receipt and Adjustment Tank (SRAT) and in the SME. Also in Section 3
are the equations utilized to facilitate this tracking of antifoam along with the associated uncertainties. A
summary of this work is provided in Section 4.
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2. Background

As stated in the Introduction, SRNL supported SRR in the development of a melter off-gas flammability
control strategy for SB8 [1]. The strategy relies on a SME batch satisfying three categories of constraints.
The contents of the SME batch must have

(1) anitrate concentration within the interval from 10,000 to 70,000 mg/kg,

(2) a total organic carbon (TOC) concentration below a value tied (via a functional relationship) to the
nitrate content of the SME and one of three different amounts of antifoam (728, 894, and 1,017
gallons (gal)) that were used by Choi [1] to frame possible preparations of the SME batch, and

(3) a carbon concentration contributed from antifoam that is below the amount that is allowed by the
same amount of antifoam (728, 894, and 1,017 gal) utilized to meet the TOC constraint in (2).

Regardless of the strategy for implementing these constraints into the DWPF operation, uncertainties
affecting the strategy must be addressed to ensure a reliable decision for SME acceptability. The current
decision support system is driven by analytical measurements of the SME contents: TOC measurements
and measurements by Ion Chromatography (IC) of select anions: nitrate, oxalate, and formate. The
uncertainties of these measurements were integrated into the decision support system developed by
Edwards [2]. In the following sub-sections, the strategy from [2] for utilizing analytical measurements
from the SME samples to meet each of these constraints is summarized.

It is probably worth mentioning again: the decision support system developed and documented in this
report is intended as an alternative to the current system being utilized by DWPF; the proposed system is
not intended to eliminate the current system. Also note that the system developed in this report to track
antifoam mass in the AMFT, SRAT, and SME will be applicable beyond just SBS.

2.1 Assessing the Nitrate Content of the SME

Equation 1 and Equation 2 provide the constraints associated with ensuring that the nitrate (NOs) content
is within the interval of 10,000 to 70,000 mg/kg. (See Edwards [2] for the development of these
equations.)

Equation 1

(NO3 -0.9924)—10000—3.182-\/(861\@3) +(38No3j >0
and

Equation 2

- 2 2
70000—NO3—3.182-\/(seNO3j +(55N03) >0
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where NOj; represents the average of the NO; concentration measurements for the 4 samples of

the given SME batch. This average has a 1-sigma random uncertainty of SeN0; °

0.9924 is the adjustment for a potentially high bias in the nitrate measurements, and

dNo, Tepresents the batch-to-batch source of variation affecting the nitrate measurements for a
SME batch. For the evaluations of Equation 1 and Equation 2, the value of ON0; is taken

as zero. Its 1-sigma relative random uncertainty is the batch-to-batch variation and is
represented by s 8NOs * and based upon the discussion provided by Edwards [2], its value

is given by 2.73% of the NO5 value.

It should be noted that during the processing of SBS, the constraints imposed by these equations must be
met for the current strategy and for the proposed strategy discussed in this report.

2.2 Assessing the TOC Content of the SME

During the processing of SB8, the restrictions on the TOC content of the SME will have to be met
regardless of whether the current or the proposed antifoam strategy is utilized. The linearized relationship
between TOC and NO; developed by Edwards [2] is provided in Equation 3.

Equation 3

TOC; =f; + g; - (NO;3)

where the TOC; term on the left-hand side of the equation represents the maximum TOC allowed to
maintain the system below the 60% LFL based upon a linearized relationship between TOC and NOs,
while the NO; term on the right-hand side represents the nitrate content of the melter feed in mg/kg. The
values of the f; and g; coefficients are given in Table 1 for i=1, 2, and 3, and each value of the i index
corresponds to one of the three additions of antifoam (in gallons) for which Choi developed an associated
TOC versus NOs relationship.

Table 1 Coefficients for the Linear Equations
Relating TOC Content to NO; Content

. Antifoam £ '
' | Addition (gal) P8
1 728 8140 | 0.37
2 894 6550 | 0.37
3 1,017 5300 | 0.37

In the discussion provided in [2], no statistically significant bias was indicated for the TOC
measurements; while for the nitrate measurements, there was a statistically significant high bias. Thus, to
be conservative, an adjustment is made to the nitrate value in Equation 3 for this bias. The direct
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utilization of the family of equations given by Equation 3 for melter flammability control yields this
acceptability equation for a given SME batch during the processing of SB8:
Equation 4

Di = fi + g 0.9924 - NO3 - TOC - otherc >0

where D; is the measurand, it represents the difference in mg/kg between the carbon allowed by
Equation 3 and the carbon content of the SME, and its value must be positive,

fi & g; are the coefficients from Table 1 corresponding to the appropriate bound on the gallons
of antifoam utilized in the preparation of the SME batch (indexed by i) as determined
following the approach discussed in Section 2.3 below,

0.9924 is the adjustment for a potential high bias in the nitrate measurements, and

NO3; represents the average of the NO; concentration measurements in mg/kg for the samples
of the given SME batch,

TOC represents the average of the TOC concentration measurements in mg/kg for the samples
of the given SME batch, and

otherc represents carbon that is present in the SME in a form that is not measured by the TOC

analytical protocol. Note, however, that such carbon was included in the determination of
the TOC relationship to nitrate given by Equation 3. Its value is associated with the
amount of coal in the SME and is bounded by 240 mg/kg [2].

The form of Equation 4 is such that the value of D; must be positive for acceptability. That is, the amount
of TOC allowed by Equation 3 must be greater than the TOC content of the given SME for the given level
of antifoam addition (indexed by 1), and this must be true with high confidence after accounting for the
uncertainties in the measurements used to make this determination.

The values of §yp, and 3toc are zero in the determination of the value of D;, but including these terms
in the equation for D; allows for their contributions to the variance of D; to be included in the variance

propagation for Equation 4.

Using the estimates of the batch-to-batch variations discussed above, the variance of Equation 4 may be
expressed as:

Equation 5

var(D,) = var(D, ) = var(D;) = 0.1369- (se5-)* +0.1369- (s, )* +(se5)" + (55, )’
=0.1369- (se5-)* +0.1369-(0.0273- NO;)* + (se-5<)* +(0.0272- TOC)?

TOC

=0.1369- (se5-)* +0.00010203- (NO;)* + (ses<)* +0.00073984- (TOC)®
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Integrating these estimates of the variance for D; into the expression of the constraint leads to

Equation 6

D; - t0.05,3) (ESt. Var(Di))O'S =D;—-2.353 " (ESt. Var(Di))O'S >0
where D; is determined using Equation 4 (for the associated level of antifoam additions),

t0.0s3) 1 the upper 5%-tail of the Student’s t distribution with 3 degrees of freedom (i.e., 2.353),
and

Est. var(D;) represents the estimate of the variance of D;, which may be computed using Equation
5 regardless of the antifoam addition being considered.

2.3 Assessing the Carbon Content of the SME Attributable to Antifoam

As described above, the relationship between the maximum allowable TOC content and the NO; content
of a SME batch was associated with the total amount of antifoam used to prepare the SME batch. Three
levels for this total antifoam amount in gallons were established by Choi [1]: 728, 894, and 1,017 gal. As
part of his study, Choi developed a relationship between the maximum amount of carbon that would be
generated from each of these bounding amounts of antifoam and the NO; content of the SME. These
relationships are given by:

Equation 7
(Antifoam ¢; )* = h; + j; - (NO 3 )= Antifoam ¢ =/h; + j; -(NO3)

where Antifoamc; represents the maximum amount of carbon in mg/kg that would be generated from
antifoam additions for three cases indexed by i: 1 corresponds to 728 gal, 2 to 894 gal, and finally, 3 to
1,017 gal of antifoam, and NOj; represents the nitrate content of the SME in mg/kg. The h; and j; values,
which are provided in Table 2, are from the models developed by Choi [1].

Table 2 Coefficients for the Equations Relating Maximum
Carbon Content from Antifoam Additions to NO; Content

. Antifoam h .

' | Addition (gal) i Ji

1 728 5117745.1 | -35.869438
894 7884790.5 | -55.545316

3 1,017 10373798 | -73.602487

Thus, DWPF’s melter flammability control strategy requires that SRR confidently estimate an upper
bound on the amount of carbon attributable to the antifoam added during the processing of each SME
batch, and then use this result to confidently establish one of the three antifoam levels developed by Choi
(i.e., for additions of no more than 728, 894, or 1,017 gal) as the upper bound on the gallons of antifoam
added during the processing of the SME batch. The importance of this outcome is that it establishes the
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appropriate TOC to NOj; relationship that must be used in satisfying Equation 6 as discussed in Section
2.2.

Thus, there is a need to estimate the amount of antifoam that was added during DWPF’s preparation of a
given SME batch. From the previous section, there is a relationship between the nitrate content of the
SME and the limit on the carbon generated by antifoam additions to that SME for three different levels of
antifoam addition: 728, 894, and 1,017 gal. Thus, one may estimate the amount of antifoam added during
the preparation of a SME batch by estimating an upper bound on the carbon content due to antifoam
additions for the prepared SME. During the processing of SBS8, this constraint must be met by the
proposed as well as by the current implementation strategy at the DWPF.

For the current strategy as documented by Edwards [2], the estimation is conducted by backing out
contributions to the measured TOC concentration in the SME from the oxalate and the formate
concentrations that are measured in the SME. The resulting adjusted TOC value provides a basis for
estimating the amount of carbon in the SME attributable to antifoam. When this estimate is bounded at
95% confidence by accounting for its uncertainty, the resulting bounded amount of carbon attributable to
antifoam must be below the carbon allowed by the level of antifoam (i.e., one of the three values:728,
894, or 1,017 gal) that is selected to be appropriate for the given SME batch. For the current strategy, the
restriction imposed on the contents of the SME by Equation 7 may be expressed as:

Equation 8

MCi = ﬂhi + ji NO3 - TOC + fc - formate - 0.9697 + oc - oxalate - 0.9459 > 0

where

Mc; is the measurand; it represents the difference between the allowable concentration in mg/kg
of carbon from antifoam at a level indexed by i (where i=1 represents 728 gal, 2
represents 894 gal, and 3 represents 1,017 gal) and the estimated amount of carbon
attributable to antifoam; and the difference must be positive,

i is used as an index for the level of antifoam addition in gallons, i =1 (728 gal), 2 (894 gal), and
3 (1,017 gal).

h; & j; are the coefficients corresponding to the i level of antifoam (see Table 2),

NO; represents (as above) the average of the NO; concentration measurements in mg/kg for the

samples of the given SME batch,

TOC is (as above) the average of the TOC measurements in mg/kg for the samples from the
given SME batch,
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formate is the average of the formate measurements in mg/kg for the samples from the SME
batch’,

oxalate is the average of the oxalate measurements in mg/kg for the samples from the SME
batch’,

0.9697 is included in the measurement equation to adjust (with a better than 95% confidence) for
the potential bias in the formate measurement,

fc is the conversion factor needed to determine the carbon contributed by the formate content of
the SME in mg/kg (i.e., fc = 0.266807 mg carbon/(kg SME slurry),

oc is the conversion factor needed to determine the carbon contributed by the oxalate content of
the SME in mg/kg (i.e., oc = 0.27292 mg carbon/(kg SME slurry), and

0.9459 is included in the measurement equation to adjust (with a better than 95% confidence) for
the potential bias in the oxalate measurement,

The expanded uncertainty of the estimated difference, Mc;, at 95% confidence is determined by
multiplying the square root of the estimated variance of M¢; by an appropriate Student’s t statistic. In this
case a one-sided confidence statement is needed; so, an upper 5%-tail of the Student’s t distribution will
be used. Again, utilizing a conservative 3 degrees of freedom for the estimated variance, the t value is
2.353. Thus, at 95% confidence the expanded uncertainty of the difference is 2.353 times the square root
of the estimated variance of Mc;. Thus, for the antifoam content of the SME to be acceptable (at 95%
confidence), the following constraint must be met:

Equation 9
Mgi — 2.353 - (Var(Mg;))™> > 0

where, for each level of antifoam indexed by i, Mc; is determined from Equation 8 above, and Var(Mg) is
the estimate of the variance of M¢; determined using Equation 10 below (see Edwards [2] for details). The
smallest of the three levels of antifoam that meets the constraint imposed by Equation 9 is used to select
the appropriate TOC constraint that must also be met (as described in Section 2.2) for an acceptable SME
decision during the processing of SBS.

Equation 10

var(Mg;) = 025 j; - (hy + J; - NOy) T - (segs-)° +0.000186323 [ i - (hy + J; - NO;) T - (NO,)?

+(se===)? +0.00073984 - (TOC)* +0.0711876 - (se )2 +0.000043431 - ( formate)?

TOC formate

+0.0744853 - (se___)* +0.000189956 - (oxalate)*

oxalate

f Note the multiplications by 0.9697 and 0.9459. This makes the adjustments for the potential biases in the measured formate and
oxalate content, respectively, of the SME.
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Note that Equation 8 may be restated in a more generic form that will support the estimation of the carbon
concentration from antifoam, AFc, for either the SRAT, the SME, or the MFT (based upon analytical
measurements of TOC, oxalate, and formate samples from the tank in question). This estimation method
holds regardless of the sludge batch being processed, and thus, it would be applicable for future sludge
batches beyond SB8. The form of the resulting equation is given by:

Equation 11

AF. =TOC - f. - formate -0.9697 — o, -oxalate -0.9459

with an estimated random error variance, based upon the measurement uncertainty information in [2],
given by

Equation 12

var(AF; ) ~ (se-5.)” +0.00073984- (TOC)® +0.0711876- (se,—)* +0.000043431- ( formate)’

+0.0744853-(se__)* +0.000189956- (oxalate)*

oxalate

Since potential biases in the measurements have been addressed in this approach, there is no additional
bias associated with this estimate of AF¢. That is, the AF¢ value determined by Equation 11 is unbiased.

3. Discussion of Antifoam Tracking System

During the processing of SB8, the proposed strategy would have to meet the restrictions imposed by
Equation 1 through Equation 6 and these rely on analytical measurements of both TOC and NOs.
However, the benefit of the proposed strategy derives from an improvement in the approach of
demonstrating that antifoam carbon is bounded by one of the limits imposed by Equation 7 and the set of
parameters given in Table 2. Specifically, the proposed strategy relies on tracking the antifoam additions
affecting the processing of each SME batch to estimate the carbon concentration from antifoam instead of
relying of deriving this estimate from analytical measurements of SME Product samples. Another benefit
of this alternate approach is that it will be transferable to future sludge batches. That is, this is a generic
approach to estimating the carbon concentration from antifoam in the SME Product and is not specific to
SBS.

Such additions occur to the Additive Mix Feed Tank (AMFT), to the SRAT, and to the SME. The role of
the AMFT is to be the source of antifoam that is added to the SRAT and to the SME. In addition, the role
of the SRAT is to be the source of feed to the SME tank, where this feed would also contain antifoam
from additions that were made to the SRAT during routine processing. The SME tank is the hold point in
the DWPF process flow at which acceptability decisions regarding the contents of the SME are made.
These acceptability decisions are two-fold: (1) Product Composition Control System (PCCS)
acceptability, whose criteria are defined by [5] and are not the subject of this report and (2) antifoam
carbon acceptability with criteria as defined above from Choi [1].

A tracking system for antifoam mass (Muf) is the proposed, alternative strategy for meeting the second
set of acceptability criteria. So, for each of the three tanks listed above (i.e., the AMFT, SRAT, and SME)
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the goal is to maintain, continuously, the status of the antifoam mass in the tank along with an estimate of
the uncertainty of that mass. Two types of uncertainties are to be tracked: (1) random uncertainty and (2)
systematic or bias uncertainty. The metric for each source of random uncertainty is an estimated standard
deviation for that source while a bound on the bias uncertainty from each contributor to this type of
uncertainty is to be estimated at a 95% confidence level. Each type of uncertainty (i.e., random and bias)
is to be estimated and maintained separately for each tank (i.e., AMFT, SRAT, and SME) as part of the
antifoam tracking system.

With the antifoam status of each tank known, there are several events that have to be processed by the
tracking system. These include: an antifoam addition to the AMFT, a transfer of antifoam from the AMFT
to the SRAT, a transfer of antifoam from the AMFT to the SME, a transfer of SRAT product from the
SRAT to the SME, and, finally, an acceptability decision for a SME Product batch relative to its antifoam
content. As each of these events is processed, the impact of the event on the antifoam mass and on its
uncertainty (both bias and random) for each of the tanks must be determined.

In addition, the strategy must be able to address any event that leads to the status of the antifoam mass
and/or its uncertainty being unavailable or coming into question for any of these tanks. This will require a
re-base-lining of the status of the impacted tank utilizing an analytically (e.g., analyses of samples of the
tank contents for the SRAT or for the SME, see Equation 11 and Equation 12 above) driven assessment.
More on this as each tank is discussed.

A process flow diagram for each tank and each of the events identified above has been prepared during
the development of the antifoam tracking system. The software package GUM Workbench Version
2.41.410 [6] was used to support the evaluation of the uncertainties associated with the antifoam tracking
system. Specifically, equations utilized to represent the events of the process flow diagram were
developed in GUM Workbench and the software was used to generate the partial derivatives required for
the determination of uncertainties associated with those equations. This is more fully discussed in the
sections that follow.

3.1 Overview of Uncertainty Evaluations

Discussions in [7] were used as the basis of the approach for estimating the uncertainty for the antifoam
mass presented in this report. Recall that there are two types of uncertainties being tracked: (1) random
and (2) systematic or bias. The metric for each source of random uncertainty is an estimated standard
deviation for that source while a bound on each bias uncertainty is to be estimated at a 95% confidence
for each contributing source.

The random uncertainty variance of the antifoam mass, Mg, is estimated by appealing to a Taylor Series
expansion of the equation providing the value of Mg determined at that processing step. For example, if
Mar = f(X1,X2,X3) for some function, f, of three variables x;, X,, and x3, then the estimated random variance

of Mur is given by:
Equation 13
. f \’* . f \* . of \* .
Variance(Myp) =~ (—) X variance(x;) + (—) X variance(x,) + (—) X variance(xs)
d0xy dx, J0x5
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d
where ( aj: ) represents the partial derivative of the function f relative to the variable x and there is no

correlation among the random uncertainties from the variables X, X,, and x;*.

A bound (at 95% confidence) on the bias of the antifoam mass, Mup, is estimated also by appealing to a
Taylor Series expansion of the equation providing the value of Mar determined at that processing step.
For example, if Mar = f(X;,X2,X3) for some function, f, of three variables x;, X,, and x; and by, b,, and b;,
respectively, are bounds (all positive) on the estimated bias for these terms, then the estimated variance of
Mg is given by:

Equation 14
. of \* of \* of \*
(bias(e)} ~ (5) * @+ (5) x @o)? + (5) X (bs)?
of
+2><|p12|>< xa xblxb2+2><|p13|>< 6 xblxb3
+2X|p23|><|a—xz ax3|><b2><b3

d . o . . .
where (%) represents the partial derivative of the function f relative to the variable x_and p;; represents a

potential correlation between the biases for variables x; and x;. The expression for this equation is
provided in a manner to demonstrate how to include the impact of potential correlations among biases.
Where there appears to be some likelihood of a correlation between a pair of biases, the absolute values of
the partials and a value for the correlation of 1 (i.e., p; =1) will be included in the Taylor Series
expansion. This approach will ensure that potential correlations that could lead to increased uncertainty
are accounted for in a conservative manner. More will be said regarding potential correlations for biases
as necessary in the discussions that follow.

3.2 Tracking Antifoam in the AMFT

The AMFT is the tank where antifoam is prepared for introduction into the DWPF process. Additions of
antifoam to the AMFT and transfers of antifoam from the AMFT to the SRAT or to the SME are routine
actions during DWPF operations. To support the tracking of antifoam for a SME batch, the Msr value and
its uncertainty associated with the AMFT contents are to be maintained at all times. If these values are not
known, the contents of the AFMT must be re-base-lined. This requires that the AMFT be emptied and
rinsed and its contents reinitialized with a bounded mass of antifoam. This operation will re-establish the
value of Myr, and since it is bounding the random and bias uncertainties are set to zero. More of this
aspect of the AF tracking system will be discussed below.

With Mur status of the AMFT known, the antifoam tracking system must be capable of handling (1)
events involving transfers from the AMFT to either the SRAT or the SME. Handling these events entails

* For the situations evaluated in this report, there are no correlations among random uncertainties. This is not the case for the bias
uncertainties, as seen in the discussions that follow.

10
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updating the status of the Mar value and its uncertainty in the AMFT as well as updating the status of the
Mar and its uncertainty in the receiving tank, and (2) events involving the addition of antifoam to the
AMFT.

Exhibit 1 provides a flow diagram for processing an event involving the AMFT. For such an event, there
is an initial assessment of the current status of the Mar value and its uncertainty in the AMFT. That is
represented by the first decision step in the process flow diagram. If the status is unknown, then the “No”
branch is taken out of this decision block and the value of the Mar and its uncertainty must be re-base-
lined as indicated in Step 1 of the diagram. If the status is known, the “Yes” branch is taken out of this
decision block. With the Mur value and its uncertainty known, the next decision block is evaluated to
determine the event that needs to be addressed by the tracking system. There are two events captured in
this flow diagram: a) if the AMFT level is low, then an antifoam addition is to be made to the AMFT and
the impact of this addition on the M value must be determined (indicated as Step 2 in Exhibit 1) or b) if
a transfer of antifoam is to be made from the AMFT, then the impact of the change in the level of the
contents of the AMFT (determined by information from the bubbler instrumentation in the tank) as the
transfer is made must be utilized to provide information on the mass of antifoam for the receiving tank
involved in the transfer (indicated as Step 3 in Exhibit 1) and to update the M, status of the AMFT after
the transfer (indicated as Step 4 in Exhibit 1).

AMFT

Mg with
bias &
random

uncertainties
Known
?

1. Drain & rinse AMFT; initialize tank
with bounding mass of antifoam,
Mg, uncertainties are set to 0.

Low level Transfer

3. AF Mass Out
Mag_oue =Mar *(V1-Va)/V1

8 add 1O
SRAT/SME
Determine uncertainty

2. Determine
Maf new=Mar+ Mag agq 4. AF Mass Remaining
Mar_new=Mar *(V2/V1)

Determine uncertainty

Determine uncertainty

Exhibit 1 Process Flow for Tracking Antifoam Mass in the AMFT

11



SRNL-STI-2014-00323
Revision 0

Exhibit 2 provides an overview of the AMFT calculations supporting the antifoam tracking system. Step
1 is executed if the M value or its uncertainty is unknown for the AMFT; this results in the re-
establishment of a Mg value along with its one-sigma random uncertainty and the bounding bias. The re-
base-lining of the value for Mur will utilize a bounding value for this mass, 18.91 kg, and the
uncertainties (bias and random) are set to zero. See Appendix A for the development of this bounding
mass for Step 1.

AMFT Calculations

1. Initial antifoam makeup or re-base-lining of the AMFT
Drain andnnse the tank. Add 5-gallon pail of antifoam and dilute with 93 gallons of water. Mass of
antifoam, Mas, 1= bounded by 18.91 kg (See Appendix A). Random uncertainty is zero and bias
uncertainty is zero.

b2

Adding Antifoam to the AMFT

Maszs of antifoamadded Mar_ass,is bounded by 1891 kg (See Appendix A). For the Mar 1, the 1-
sigma randomuncertainty is zero and the bias uncertainty is zero. The mass of antifoam after the
addition iz given by:

Mz o = Mar +Mar ass

3. Amount of Antifoam Transferred Cut of the AMFT
The amount of antifoam transferred out of the AMFT to the receiving vessel is

)

v
where V; and V: are volumes n the AMFT which can be represented in tenms of the values fori=1
(before the transfer) and 2 (a fter the transfer) of theilr source instnumentation, LI2614, (See Appendix
C)as

My, = My

LI2614;
V; = 11686 + 2.9466 - ———

where p is the density of the contents of the AMFT (See Api:endix .

4. Amount of Antifoam in the AMFT Following a Transfer Qut
The amount of antifoam remaining in AMFT after a transfer out to a receiving vessel is

A
M, = My 37
1

where the volumes V; and Vz are the same as those used in Step 3.

Exhibit 2 AMFT Calculations Supporting the Antifoam Tracking System

3.2.1 AMFT Step 2 Processing

For Step 2, the one-sigma random uncertainty for the new value of Mur (i.€., Mar new in the Step 2
equation) is the square root of the sum of the variances of the random errors of the two terms on the right-
hand side of the Step 2 equation: Mar and Mar aqg. The bias of the Mar new value is taken as the sum of
the biases of the two terms on the right-side of the Step 2 equation. This way of combining the biases
(i.e., directly summing) is more conservative than combining them in quadrature (i.e., root sum of
squares). Note that the random and bias uncertainties of the addition are zero, since a bounded value for

12
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the mass of the addition is utilized. A sample calculation for this step is provided in Exhibit Bl in
Appendix B.

3.2.2 AMFT Step 3 Processing
So, consider the impact of a Step 3 event with the AMFT M information known. The equation for the
MAaF ou 18 given by:

Equation 15

_ MAF : (Vl - VZ)
AFout — Vl

where the volumes V; and V, in gallons are intermediary values which are determined from the level
instrument LI2614 and the specific gravity, p, as described in Exhibit 2 with the two volumes each having
an additional random variability that is to be incorporated into the random uncertainty and biases that are
to be incorporated in the bias uncertainty of Mar out.

Following the Taylor’s Series expansion approach described above, the estimated variance of Mar o for
Step 3 of Exhibit 1 may be written in terms of the fundamental measurements with 8, and 8, representing
the random uncertainties for V, and V,, respectively, as:

Equation 16

OMyp,,,

M _AFour
dLI2614,

P 2
Variance(MAFout) ~ < M, ) X variance(LI2614,)

2
) x variance(Myp) + (

+ <aMAFout

2 aM 2
2p > X variance(p) + <ﬂ) X variance(LI2614,)

oLI2614,

a5,

+ aIV[I‘”—"out
96,

2 2
OMyp,
X variance(6;) + | —=| X variance(5,)

where the numerical subscripts 1 and 2 represent the before and after, respectively, transfer values for the
level instrument L12614.

Exhibit 3 provides equations developed using GUM Workbench that support the evaluation of Mag ou
determined in Step 3. The model equation and associated intermediary values supporting the
determination of Mr o for Step 3 are given in the upper portion of Exhibit 3 and the complete set of
partial derivatives needed to support the estimation of the variance of the Mg o value are given in the
lower portion of this exhibit.

13
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E quation:
V,=2.94667(LI2614,/p)+1.1686+5,;
V,=2.9466%(LI2614,/p)+1.1686+5,;
Mer ou=Mag™(Vi-V2IV,;

Partial Derivatives:

8,38, = 1.0;

2V, /aLI2614, = 2.9466-1.0/p;

&V, /ap = 2.9466-(-LI2614,)sqr(p);

V,lep = 2.9466-(-LI2614,)/sqr(p);

2V, /aLI2614, = 2.9466-1.0/p;

EMap_ouf881 = Mup &V4/8 Ny + (Myp (V- Vo) 8Vy/ea,Vsar(Vy);
M, o /ELI2614, = M- (8V,/L12614 )V
M @8, = Map (-8Vo/88,)V 4

Mar quleMar = (V- Vo)V,

My o /8LI2614, = M-8V [8LI2614, N + (Mg (V, - Vp)-8V, /8LI2614,sqr(V,);

M oul@p = Mup (EV4lEp +-Volap)Vy + (Mup- (V- Vo) 8V ilap)isar(Vy);

Exhibit 3 Equations for Calculating the Standard Deviation of the Random Uncertainty of the Mar

Transferred Out of the AMFT

To complete the information necessary to compute the estimate of the random variance of the Mar out,
estimates of the variances of the terms of Equation 16 are needed. These values are provided in Table 3.

Table 3 Terms and Estimated Random Uncertainties Supporting Equation 16

Term/Instrument

Description

1-Sigma Random Uncertainty

MAF

mass of antifoam (kg)

from the AMFT status

LI2614 with subscripts 1 and 2

level bubbler values (inwc)

+1% of 41 inwc span [10];

Distribution Control System (DCS)
deviation limit (inwc)

+0.025 inwc [10]

Using a uniform distribution, 1-sigma
random uncertainty (inwc) is
[(0.41/N3)*+(0.025/73)*]%° = 0.2372

p (this value is set to 1)

Specific Gravity of AMFT Material

0.0036*

8

Calibration uncertainty
(see Appendix C for details)

0.637 gallon

5,

Calibration uncertainty
(see Appendix C for details)

0.637 gallon

* See Appendix D for a discussion of the uncertainties associated with the density assessments of the AMFT.

14




SRNL-STI-2014-00323
Revision 0

With the information from Exhibit 1, Exhibit 2, and Equation 14 as background, the estimated bias error
for Mar ou , determined in Step 3, using the Taylor’s Series approach, may be written as:

Equation 17

. (M 2 oM 2
. . AFoyut . 2 AFoyut . 2
{bias(Myp,,,)} = <—aMAF > x {bias(Msp)}? + <—6L126141> x {bias(LI2614,)}

N (aMAFout

ap aL12614,

2 M \°
> x {bias(p)}* + <—°m> x {bias(L12614,)}?
+ <aMAFout

2 2
> x {bias(b,)}? +<%> x {bias(b,)}?
db,

ab,

a1WAF0u!t

aLI2614,

+2x 1% x bias(LI2614,) X bias(LI2614,)

a1WAFout
0LI2614,

OMyp,,,

ab,

+2x1X X bias(b,) X bias(b,)

‘a Mar,,,.

ab,

Note that in evaluating Equation 17, the bias for the Mr term, i.e., bias(Maf) term, is provided by the
status information for the AMFT prior to the transfer out and that two potential correlations among the
biases are introduced into the equation, both represented in a bounding manner. So the approach may be
stated as: the b; and b, terms are the estimated bias in the V; and V, volumes, respectively, and there is a
potential correlation in these biases. Also, there is a potential correlation in the biases for the two LI2614
measurements. Basically, a perfect correlation is assumed and the sign of the correlation (i.e.,
representing the correlation as positive or negative) is taken as the worst of the two possibilities. GUM
Workbench was used to develop the model equation and associated intermediary values supporting the
determination of the bias of Mar o, for Step 3 (see the upper portion of Exhibit 4) and to document the
complete set of partial derivatives needed to support the estimation of the bias of the Mar o value (see
the lower portion of Exhibit 4). To complete the information necessary to compute the estimate of the bias
of the MaF ou, estimates of the bias terms of Equation 17 are needed. Table 4 provides the details of the
bias information needed to complete the estimation of the bias for the Mar . value. A sample calculation
for this step including the random and bias uncertainties is provided in Exhibit B2 in Appendix B.
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E quation:
V,=2.9466%(LI2614/p)+1.1686+b,;
V,=2 94667(L12614,/p)+1.1686+b,;
Mar_out=Mar™(Vi-V2)Vy;

Partial Derivatives:

&V, /aLI2614, = 2.9466-1.0/p;

&V, lp = 2.9466-(LI2614,)/sqr(p);
&V, /ab, = 1.0;

&V,/ap = 2.9466-(-LI2614,)/sqr(p);
&V,I2LI2614, = 2.9466-1.0/p:
&V,laby = 1.0;
My o J6LI2614, = Mg 8V, /L1264, + (Mg (V, - V)-8V, /6LI2614, isqr(V,);
M _oulSp = Mg (EV4lép + -eValep)Vy + (-Map (V- Vo) éVy/pNsar(Vy);

Mg oufeDy = Myp-8VylebyVy + (Mye-(Vy - V3)-8Vyleb, )isar(Vy),

M s o ELI2614, = Mg (-8VJaLI2E6 14,0V

Mg ou/8D; = Mg (:8Volabo )V

Mur guleMar = (V4 - V)V

Exhibit 4 Equations for Calculating the Bias of the Mar Transferred Out of the AMFT

Table 4 Terms and Estimated Bias Uncertainties Supporting Equation 17

Term/Instrument Description Bias Error at 95% Confidence
Mar mass of antifoam (kg) bias from the AMFT status information
LI12614 with subscripts 1 and 2 level bubbler values (inwc) 1% of 41 inwc span = 0.41 inwc [10]
p (this value is set to 1) specific gravity of AMFT material 0.0108*

calibration uncertainty

b (see Appendix C for details) 0.232 gallon
calibration uncertainty

b (see Appendix C for details) 0.232 gallon

* See Appendix D for a discussion of the uncertainties associated with the density assessments of the AMFT.
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3.2.3 AMFT Step 4 Processing
Consider the determination of the My information after a transfer from the AMFT (Step 4 of Exhibit 1
and Exhibit 2). The Mar new value is given by:

Equation 18

MAF " V2
MaFnew =~
1

Using the approach described above, the estimated random uncertainty variance of Maf new determined
for that step may be written as:

Equation 19

OMyp,,,,,

2
m) X variance(LI2614,)

2
. . OMyg,,,,
Variance(Mgg,,,) =~ x variance(Myg) +

N (aMAFnew

S OMar,,
p X variance(p) +

2
m) X variance(LI2614,)

M, \° _ ) OMyr,.,\ , )
—_— X —_— X
+ 95, variance(8,) + 35, variance(d,

GUM Workbench was used to develop equations supporting the evaluation of Step 4 and the resulting
equations are provided in Exhibit 5. Also, in this exhibit is the set of partial derivatives needed to support
the estimation of the variance of the Mar new value. To complete the information necessary to compute the
estimate of the variance of the Mar_ew, €stimates of the variance terms of Equation 19 are needed. These
values are provided in Table 5.

Table 5 Terms and Estimated Random Uncertainties Supporting Equation 19

Term/Instrument Description 1-Sigma Random Uncertainty
Mar mass of antifoam (kg) from the AMFT status
LI12614 with subscripts 1 and 2 level bubbler values (inwc) +1% of 41 inwc span [10];
DCS deviation limit (inwc) +0.025 inwc [10]

Using a uniform distribution, 1-sigma
random uncertainty (inwc) is
[(0.41/N3)%+(0.025/73)%]> = 0.2372

p (this value is set to 1) specific gravity of AMFT material 0.0036*

calibration uncertainty
o (see Appendix C for details) 0.637gallon

calibration uncertainty

(see Appendix C for details) 0.637 gallon

)

* See Appendix D for a discussion of the uncertainties associated with the density assessments of the AMFT.
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E quation:
V,=2.9466*(LI2614,/p)+1.1686+5,;
V,=2 94667(LI2614,/p)+1.1686+5,;
Mar new=Mar™Va/Vy;

Partial Dernvatives:

aV,/aL12614, = 2.9466-1.0/p;

&V, lzp = 2.9466-(-LI2614,)/sqr(p);
V136, =10,

aVlap = 2.9466(-LI2614,)/sqr(p);

Vo /eL12614, = 2.9466-1.0/p;

Va8, =10;

Mar 1o /2LI2614, = (M Vi 8V /2LI2614, Vsar(Vy )
Mar new/Bp = Map-8VaolépNVy + (M VoyaVilgp)isar(Vy);
Myr /88y = (Map Vo aVy/as,)sar(Vy),

Mg ren/ALI2614, = My 3V,/aLI2614,V

Mar newl882 = MypaVoled iV y;

My new/Mar = VoIV,

Exhibit 5 Equations for Calculating the Random Uncertainty for the Mas Remaining After the
Transfer Out of the AMFT
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The estimated bias error for Mar new , determined in Step 4, may be written as:
Equation 20
2 2
. 2 OMyg,,., , OMyp,,, .
{blaS(MAFnew)} =~ (W) X {blaS(MAF)}Z + <6LT6141 X {blaS(L126141)}2

OMur \ M, z
Llnew ) o (p; 2 4 [ —Lmew ) fhias(LI2614,))?
+< op ) {bias(p)} +<6L126142 {bias( 2)}

aIWAFHEW 2 , 2 aIWAFnew ’ : 2
+<a—bl> X{blaS(bl)} + a—bz X {blaS(bz)}

0Myp,,,,,
OLI2614,

+2X1xX X bias(L12614,) X bias(LI2614,)

Myp,,,,,
0LI2614,

OMyp,,,,

ab,

+2x1x X bias(b,) X bias(b,)

OMyp,,,,,
ab,

Note that in evaluating Equation 20, the bias for the Mar term, i.e., bias(Maf) term, is provided by the
status information for the AMFT prior to the transfer out and that two potential correlations among the
biases are introduced into the equation, both represented in a bounding manner. So the approach may be
stated as: the b; and b, terms are the estimated biases in the V| and V, volumes, respectively, and there is
a potential correlation in these biases. Also, there is a potential correlation in the biases for the two
LI2614 measurements. Basically, a perfect correlation is assumed and the sign of the correlation (i.e.,
representing the correlation as positive or negative) is taken as the worst of the two possibilities. GUM
Workbench was used to develop the model equation and associated intermediary values supporting the
determination of the bias of Mar new for Step 4 (see the upper portion of Exhibit 6) and to document the
complete set of partial derivatives needed to support the estimation of the bias of the Mar new value (see
the lower portion of Exhibit 6). To complete the information necessary to compute the estimate of the bias
of the Mar ou, estimates of the bias terms of Equation 20 are needed. Table 6 provides the details of the
bias information needed to complete the estimation of the bias for the Mar new value. A sample calculation
for this step including the random and bias uncertainties is provided in Exhibit B3 in Appendix B.
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E quation;

V,=2 9466%(L12614,/p)+1.1686+b,;
V,=2 9466%(L12614,/p)+1.1686+b,;
Map new=Mae™VoVy;

Partial Derivatives:

&V, /aLI2614, = 2.9466-1.0/p;

&V, lep = 2.9466-(-LI2614, sqr(p);
&V, lab, = 1.0;

&Vlap = 2.9466-(-LI2614,)/sqr(p);
aV,/eL12614, = 2.9466-1.0/p;
aVyleb, = 1.0;

M e /BLI2614, = (M 2V, /8LI2614, Vsar(V, ),

EMap_newlaDy = (MypVo-aVyfeb,Yisar(Vy);
Myr ren/8LI2614; = M-8V /aLI2614,0V,;
EMar new /8Dy = Mup-VoleboV

IMar newdEMar = VoIV,

Mg new/ép = MupéValapVy + (-MapVy-dVi/apsar(Vy),

Exhibit 6 Equations for Calculating the Bias for the Mar Remaining After the Transfer

Out of the AMFT

Table 6 Terms and Estimated Bias Uncertainties Supporting Equation 20

Term/Instrument Description Bias Error at 95% Confidence
antifoam carbon concentration Bias from the AMFT status
Mar . )
(mg/kg) information
LI2614 with subscripts 1 and 2 Level Bubbler (inwc) 1% of 41 inwc span = 0.41 inwc [10]

p (this value is set to 1) Specific Gravity of AMFT Material 0.0108*
Calibration uncertainty
b (see Appendix C for details) 0.232 gallon
b, Calibration uncertainty 0.232 gallon

(see Appendix C for details)

* See Appendix D for a discussion of the uncertainties associated with the density assessments of the AMFT.
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3.3 Tracking Antifoam in the SRAT

The SRAT is a sludge preparation tank where antifoam is added by transfers from the AMFT. To support
the tracking of antifoam for a SME batch, the Mur value and its uncertainty (i.e., a one-sigma random
uncertainty and a bias uncertainty at 95% confidence) associated with the SRAT contents are to be
maintained at all times. If these values are not known, the contents of the SRAT are to be sampled and
analyzed to re-baseline the antifoam mass and its uncertainty in this tank. With the values for the Mr and
its uncertainty known, the antifoam tracking system must be capable up handling two types of events: (1)
an event involving a transfer from the AMFT into the SRAT and (2) an event involving the transfer of
SRAT product to the SME. Handling these events entails updating the status of the M value and its
uncertainty in the SRAT for event types (1) and (2) as well as updating the status of the Mur and its
uncertainty in the SME tank to complete the impact of a type (2) event (addressed in the next section).

Exhibit 7 provides a flow diagram at the SRAT level for processing an event involving the SRAT. For
any SRAT-related event, there is an initial assessment of the current status of the Mur value and its
uncertainty in the SRAT as represented by the first decision step in the event flow diagram. If the Mar
status is unknown, then the “No” branch is taken out of this decision block and the value of the Mr and
its uncertainty must be re-base-lined as indicated in Step 1 of the diagram. If the status is known, the
“Yes” branch is taken out of this decision block. With the Mur value and its uncertainty known for the
SRAT, the next decision block is evaluated to determine the type of event that needs to be addressed by
the tracking system. Once again there are two types of events captured in this flow diagram: a) if there is
a transfer from the AMFT to the SRAT, then an antifoam addition is to be made to the SRAT and the
impact of this addition on the Mr value and its uncertainty must be determined (indicated as Step 2 in
Exhibit 7) or b) if a transfer of SRAT product is to be made to the SME, then the impact of the change in
the level of the contents of the SRAT (determined by information from the bubbler instrumentation in the
tank) as the transfer is made must be utilized to provide information on the mass of antifoam for the
receiving tank (i.e., the SME) involved in the transfer (indicated as Step 3 in Exhibit 7) and to update the
M, status of the SRAT after the transfer (indicated as Step 4 in Exhibit 7).
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SRAT

Start a New
Batch

1. Quantify SRAT Level and Antifoam SRAT
Concentration: Perform analytical Mar &

technique for antifoam uncertainty
determination. Known
?

Determine Myr & uncertainty

AF Addition Transfer

3. AF Mass to SME

2. Determine Mg o = Mar *[(Vi-V2) V4]
Mar_new=Mas+ Mag agd

Determine uncertainty

Determine uncertainty

4. SRAT Heel AF Mass

M AF new = Mye ‘{V:.‘ML}

Determine uncertainty

Exhibit 7 Process Flow for Tracking Antifoam Mass in the
Sludge Receipt and Adjustment Tank (SRAT)

Exhibit 8 and Exhibit 9 provide an overview of the SRAT calculations supporting the antifoam tracking
system. The calculations for Step 1 are executed if the Mur value or its uncertainty is unknown for the
SRAT; and these calculations re-establish the Mar value along with its uncertainty.

3.3.1 SRAT Step 2 Processing

For Step 2, the uncertainty is to be updated as follows: the one-sigma random uncertainty for the new
value of Mar (i.e., Mar new in the Step 2 equation) is the square root of the sum of the random variances
of the two terms on the right-hand side of the Step 2 equation (Mar and Mar ad¢), and the bias for the
Mar new Value is simply the sum of the biases of the two terms on the right-hand side of the Step 2
equation. A sample calculation for this step including the random and bias uncertainties is provided in
Exhibit B4 in Appendix B.

3.3.2 Overview of SRAT Steps 1, 3 and 4 Processing

Step 3 provides the determination of the Mar o, value associated with the transfer from the SRAT to the
SME. The role of the bubbler instruments is also indicated as part of the Step 3 calculations. Step 4
provides the mass of the antifoam remaining in the SRAT (i.e., the SRAT heel) after the transfer out has
been completed. The calculations supporting each of steps 1, 3 and 4 of the tracking system for the SRAT
are covered in turn in the following discussion.
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SRAT Calculations

Re-base-lining of the SRAT

The SEAT wessel will be re-baselined using the analvtical method for antifoam concentration
determination that is currently used. The mass of antifoam at the time of the SEAT sample can be
determined by

Mpap= Cap-Wi-p

where the determination of volume, V1, from the source instrumentation, LI3025 and DI3026, is

described below and p is calculated from these instruments by

_ (LI3025, — DI3026)
Sep

P

and Sep stands for the separation between the two instruments. The Sep value is 47 inches.

The volume in the SEAT can be represented in terms of the value at event. i =1 (before a transfer) or
i= 2 (after a transfer), of its source instrumentation LI3025 as-

LI3025;

For x;; < [ + Heei) < X1,

LI3025;
——L+ Heel — x4

XAy — Viz) + v
(xz'l — xsz) (d i1 2 EZJ Xi2

where the Heel is 6.77 inches and there are five sets of x's and v's corresponding to 5 segments
within the SRAT. These values are (see reference [3])

Segment Xil i Vil Vi

1 (lowest) | 17.416 0 1000 0
2 78513 | 17416 | 5175 | 1000
3 13828 | 78.513 | 9400 | 5173
4 158 .89 | 138.28 | 10850 | 9400

3 (highest) | 175.91 | 158.89 | 12000 | 10830

Exhibit 8 SRAT Calculations Supporting the Antifoam Tracking System (part 1 of 2)
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2. Antifoam Mass in the SRAT after an Addition from the AMFT
The mass of antifoam in the SEAT after the AMFT addition (the amount from the AMFT is as
determined in AMFT Step 3)is given by:

MAI_r_ew =Masr + I\"L\}'_Aéﬂ‘_

3. Amount of Antifoam Transferred Out of the SEAT to the SME
The amount of antifoam transferred out of the SEAT to the SME is

(i — 1)
Mag,,., = Mar- v

where V1 and V: are volumes in the SEAT which can be represented in terms of the values fori =1
{before the transfer) and 2 {(after the transfer) of their source instrumentation, LI3025. These values
are determined as described in Step 1 above. Note that the density value, p, that is used in the
determination of V1 is also used in the determination of V.

4. Amount of Antifoam in the SEAT Heel Following a Transfer Out to the SME
The amount of antifoam remaining in SEAT after a transfer out to a receiving vessel is

V2
MaFgy = Mar 3
1

where the V1 and V; are the same volumes from Step 3 above.

Exhibit 9 SRAT Calculations Supporting the Antifoam Tracking System (part 2 of 2)

3.3.3 SRAT Step 1Processing
The equation for Step 1 of Exhibit 8 provides a guide for re-base lining the Mar new (kg) value for the
SRAT. Writing the equation out with more detail to include the appropriate unit conversions yields:

Equation 21

AFnew ™ (0.4723 - 1000000

In this equation, Car represents the carbon concentration (mg/kg) from AF determined from the analytical
measurements of the SRAT contents (see Equation 11) with the volume (gal), V;, and density (assuming
units of kg/L), p, determined as indicated in the Step 1 description of Exhibit 8 by measurements from
instruments LI3025 and DI3026 along with values for the separation (Sep) between the bubblers and the
heel (Heel) for LI3025. The value of 3.7854 is a conversion factor with units of L/gal. The value of
0.4723 is a conservative (i.e., bounding on the low side) conversion factor with units of kg of carbon per
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kg of antifoam’. The 1000000 value is a conversion factor with units of mg/kg. Note that p and V, are
intermediary values with the V,; value having an additional variability described below. Using the
Taylor’s Series expansion approach described above, the estimated random variance of Mg pnew for Step 1
of Exhibit 8 may be expressed in the fundamental measurements as given by:

Equation 22

aMAFnew

aMAF‘l’leW
aL13025,

2
X variance(LI13025,)

2
Variance(Mup, ) ~ ( > x variance(Cyp) + <

a1\4‘41:77.€W

a1\4‘41:77.€W
a5,

2
y .
aDI3026, > variance(8,)

2
) X variance(DI3026,) + <

where all of the estimated variances are for the random uncertainties of the indicated measurements.
Specifically, the variance for Car is estimated from the analyses of the SRAT samples as given by
Equation 12 and the variance(d,) term represents the variance of the random uncertainty associated with
the computed volume, V;.(see the upper portion of Exhibit 10 for the introduction of the §, term into the
model equation for Mag new). GUM Workbench was used to develop the model equation and associated
intermediary values supporting the determination of Mar new for Step 1 (see the upper portion of Exhibit
10) and to document the complete set of partial derivatives needed to support the estimation of the
variance of the Mar new value (see the lower portion of Exhibit 10). For example, X;, X5, y;, and y, are
appropriately selected values (based upon the value of the LI3025 instrument as indicated by LI3025;) for
determining volume as indicated in Exhibit 8.To complete the information necessary to compute the
estimate of the variance of the Mur new, €stimates of the variance terms of Equation 22 are needed. These
values along with a description of the terms of Equation 22 are provided in Table 7.

Table 7 Terms and Estimated Random Uncertainties Supporting Equation 22

Term/Instrument Description 1-Sigma Random Uncertainty
Car (see Equation 11) antifoam cetrli)lzt/lkcg(;ncentratlon Analytical uncertainty (see Equation 12)
LI3025 with subscript 1 level bubbler value (inwc) +1% of 231.6 inwc span [11]
DCS deviation limit +0.1 inwce [11]
Using a uniform distribution, 1-sigma random
uncertainty (inwc) is
[(2.316/93)*+(0.1/V3)*1°° = 1.3384 inwc
DI3026 with subscript 1 density bubbler value (inwc) +1% of 161.0 inwc span [12]
DCS deviation limit +0.05 inwc [12]

Using a uniform distribution, 1-sigma random
uncertainty (inwc) is
[(1.61/N3)*+(0.05/V3)*1°° = 0.9300 inwc

tank calibration uncertainty
(see WSRC-TR-92-250 [8]%)

o 1-sigma random = 9 gallons

/ See SRNL E-Notebook 07787-00055-09, Antifoam 747 Basic Data and Acceptance Testing, July 29, 2014.

* The random uncertainty of the tank calibration was estimated in this report for the SRAT and the SME as the total error of the
Holledge gauge, 0.25 inch, times the slope of the calibration curve. For the SRAT, the largest slope is 70.696 gal/inch, leading to
an estimate of the total (2-sigma) random uncertainty of 70.696 x 0.25 = 17.7 gal, or a 1-sigma random uncertainty of 9 gal.
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E quation:

Sep=4T;

Heel=6.77;

p=(LI3025,-DI3026,)/Sep;
Va=((((LI3025,/p)+Heel-xo ) (v, Yo ) (X Ko)) 4y +54;
MAF_MW:CAF‘W’p‘3_?854;‘(0_4?23‘1 000000},

Partial Derivatives:

8plaL13025, = 1.0/Sep;

8plaDI3026, = (-1.0)/Sep;

eV, [aLI3025, = (y, - yo)-(1.0/p + (-LI13025,-8p/aLI3025, Vsqr(p )Mi(x, - %z);

&V,/aDI3026, = (y, - y2)-(-LI3025,-8p/aDI3026, ¥sar(p)/(x; - X,);

aVilaxa = ¥y - Y2 (-1.0)/0x; - xp) + (-(LI3025,/p + Heel - x5)(y; - y2) (-1.0))/sqr(x; - x);

&V gy, = (LI3025,/p + Heel - x,)/(%, - X5);

&V, iay; = (LI3025,/p + Heel - x;)-(-1.0)/(x, - %5) + 1.0;

eV lax, = ({(LI3025,/p + Heel - %5)-(y, - y2))sar(x, - Xz);

éVyles, =1.0;

EMar e /cLI3025, = 3.7854-(Cap-V,-8pleLI3025, + p-C - 8V4/8L13025,)/(0.4723-1000000.0);
EMar e /eDI3026, = 3.7854-(C o V,-8pleDI3026, + p-C a8V, /eDI3026,)/(0.4723-1000000.0);
Mar newld¥o = 3.7804-p-CapaV4/a%,/(0.4723-1000000.0);

Mar newldyq = 3.7854-p-Cap-aVy/ay,/(0.4723-1000000.0);

Mar newldYo = 3.7854-p-Cap-V,/ay,/(0.4723-1000000.0);

Mar newldXy = 3.7854-p-Cap-aVy/ax,/(0.4723-1000000.0);

Mar new /884 = 3.7854-p-Cpp-6V4/88,/(0.4723-1000000.0);

Msr nen/ECar = 3.7854-p-V,/(0.4723-1000000.0);

Exhibit 10 Equations for Re-Base-Lining the Mar of the SRAT with Random Uncertainty*

* In this and in future exhibits that provide the partial derivations associated with a set of GUM Workbench model equations,
note that the GUM Workbench software generates the partial derivative for every term that is included in the set of model
equations. No effort was made to strip out from the exhibit the partial derivatives for those terms that are considered constants
(i.e., terms for which no uncertainties need to be addressed). In this exhibit, the x’s and y’s are considered constants with no
uncertainty.
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To complete the updating of the Myr status required for Step 1, the bias for Map new determined by
Equation 21 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass, Mar new,
is estimated, as above, by appealing to a Taylor Series expansion of the Equation 21 in the fundamental
measurements. Once again, note that p and V, are intermediary values and the Taylor’s Series expansion
may be expressed in the fundamental measurements as given by:

Equation 23

. [OM 2 oM 2
. _ AFpew . 2 AFpew . 2
{blas(MAFnew)} (—aCAF > X {bias(Cyp)}* + <—6L130251> X {bias(LI3025,)}

Mapys, |’ {bias(DI3026,)}? Mir, g\ {bias(Sep)}?
_— X _— X
*\ap13026, tas( DY+ sep ias(Sep)

aIWAFnew 2 . 2 a1wAFnew ’ 2
+<W> x {bias(Heel)}* + 6—51 X{bl}

Note that in evaluating Equation 23, the bias for the Car term, i.e., bias(Car) term is estimated to be zero
and that there are no correlations among the bias terms in this equation. That is, the analytical estimate of
the concentration of carbon from AF is unbiased. Also, the b, term is the estimated bias in the volume, V,,
of Equation 21. GUM Workbench was used to develop the model equation and associated intermediary
values supporting the determination of Mr new for Step 1 (see the upper portion of Exhibit 11) and to
document the complete set of partial derivatives needed to support the estimation of the bias of the
Myr new value (see the lower portion of Exhibit 11). Once again, X;, X», yi, and y, are appropriately
selected values (based upon the value of the LI3025 instrument as indicated by LI3025,) for determining
volume as indicated in Exhibit 8. To complete the information necessary to compute the estimate of the
bias of the Mar new, €stimates of the bias terms of Equation 23 are needed. Table 8 provides the details of
the bias information needed to complete the estimation of the bias for the Map new value. A sample
calculation for this step including the random and bias uncertainties is provided in Exhibit B5 in
Appendix B.

Table 8 Terms and Estimated Bias Uncertainties Supporting Equation 23

Term/Instrument Description Bias Uncertainty at 95% Confidence
Car (see Equation 11) antifoam carbon concentration (mg/kg) 0
LI3025 with subscript 1 level bubbler value (inwc) +1% of 231.6 inwc span [11]
Bias = 2.316 inwc
DI3026 with subscript 1 density bubbler value (inwc) +1% of 161.0 inwc span [12]

Bias = 1.61 inwc

tank calibration uncertainty

b (see WSRC-TR-92-250 [8]*) 12 gallons
Sep Separation between bubblers (47 inches) 0.0625 inch [13]
Heel Tank heel below LI3025 (6.77 inches) 0.0625 inch [13]

* The bias in the calibration for the SRAT is taken as the largest value from Table 3d. Rounding up this value is 12 gallons.
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Equation:

p=(LI3025,-DI3026,)/'Sep;
Vi=((((LI3025,/p)+Heel-xo ) (y1-y2 )V (%4-%2) )+ ¥ by
Mar new=Car™V,"p™3.7854/(0.472371000000);

Partial Derivatives:

ap/all3025, = 1.0/Sep;

2p/aDI3026, = (-1.0)/Sep:
apleSep = ({(LI3025, - DI3026,))sqr(Sep);

aV,/aLI3025, = (y, - o) (1.0/p + (-LI3025,-8p/aLI3025, )isar(p))(x; - Xy);

aV,/aDI30286, = (y, - y,)-(-LI3025,-3p/aDI3026, Jisqr(p (X, - X,);

&V, /aSep = (y; - yo)-(-LI3025,-gp/aSep)sar(p)(X, - Xa);

aVyleHeel = (y; - o)k, - Xo);

V@, = (v - Y) (-1.0)/(x, - ;) + ((LI3025,/p + Heel - ) (v, - y,)-(-1.0))/sar(x, - x,);

aV,lay, = (LI3025,/p + Heel - x,)/(X, - X,);

aV, /3y, = (LI3025,/p + Heel - X,)-(-1.0)/(x, - X;) + 1.0;

aVylex, = ((LI3023,/p + Heel - X) (y; - yo)lsar(x; - x;);

aV,/ab, = 1.0;

BMar nen/2LI3025, = 3.7854-(C -V, -2p/aLI3025, + p-Cap-8V,/8L13025,)/(0.4723-1000000.0);
M4 1, /EDI3026, = 3.7854-(CapV,-8pleDI3026, + p-Cap-8V,4/8DI3026,)/(0.4723-1000000.0);
Mg peulESep =3.7854-(CopV,-EplaSep + p-Cpp-éV,/aSep)/(0.4723-1000000.0);

EMpr peléHeel = 3.7854-p-C.p- 6V, faHeel/(0.4723-1000000.0);

Mg newldXo = 3.7854-p-C -8V, /8%,/(0.4723-1000000.0);

M nenddVy = 3.7854-p-C -8V, /ay,4/(0.4723-1000000.0);

Mg new/8yz = 3.7854-p-C -8V, /2y,/(0.4723-1000000.0),

M newleXy = 3.7854-p-C -8V, /éx,/(0.4723-1000000.0);

M newldby = 3.7854-p-Cpp-2V,/8b,/(0.4723-1000000.0);

Mg poulaCar = 3.7854-p-V,/(0.4723-1000000.0);

Exhibit 11 Equations for Re-Base-Lining the Mg of the SRAT with Bias Uncertainty
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3.3.4 SRAT Step 3 Processing Linked to a Step 1 Event
Next consider the Step 3 event immediately following a Step 1 re-base lining of the Mar information in
the SRAT. The equation for the Map o 1s given by:

Equation 24

y 37854 Cap-p- (Vy — V)
AFout — 70,4723 - 1000000

Where the density, p, and the volumes V; and V, are intermediary values which are determined from
LI3025 and DI3016 as described in Exhibit 8 and Exhibit 9 with the two volumes each having an
additional random variability that is to be incorporated to the random uncertainty of Mar out.

Following the Taylor’s Series expansion approach described above, the estimated variance of Mg o for
Step 3 of Exhibit 9 may be written in terms of the fundamental measurements with 5, and d, representing
the random errors for V; and V,, respectively, as:

Equation 25

OMyp,,,

OMyp,,,

2
m) X variance(L13025,)

2
Variance(MAFout) =~ ( ) X variance(Cyr) + <

oM ? o
(st ) s varance(oraoae, (2
1

2
3D13026, ) X variance(6;)

aM F, ? l, 3025 M
<ﬂ> X var iance( I 2) <T0t
2

2
3113025, ) X variance(d,)

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Mar o for Step 3 (see the upper portion of Exhibit 12) and to document the complete
set of partial derivatives needed to support the estimation of the variance of the Mg o value (see the
lower portion of Exhibit 12 and Exhibit 13). For example, the x;;, X2, y11, and yi, values; and the x,;, X2,
ya1, and yy; values are appropriately selected values (based upon the values of the LI3025 instrument as
indicated by LI3025, and LI3025,, respectively) for determining volume as indicated in Exhibit 8. To
complete the information necessary to compute the estimate of the variance of the Mur o, estimates of
the variance terms of Equation 25 are needed. These values are provided in Table 9.
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Equation:

0=(L13025,-DI3026,)/Sep;

Vi =((LI3025, lp+Heel-x5) (Y1 1-¥12 ) (X14-Xi2)) Y12+ 84,
Vo=((LI3025,/p)+Heel-%a0) (Y21 -Vao ) (Xo1 Koz )+ Yoo+ 8a;
Mar oui=3.78547C (V- V5)*p/(0.47231000000);

Partial Derivatives:

3p/aL13025, = 1.0/Sep:

5p/aDI3026, = (-1.0)/Sep:

dplesep = (-(LI3025, - DI3026,))sar(Sep);

BV J8LI3025, = (4, - Y4o)-(1.0/p + (-LI3025,-3p/5L13025,sqr(p))(X, - Xy):
8V,/2DI3026, = (¥, - V1) (-L13025,-3p/2DI3026, )/sqr(p (X, - Xo);

&V, /aSep = (v, - v42)-(-LI3025,-8plaSep)sar(p)/(Xqq - 2);

aVyleHeel = (Y1 - ¥i2)l (X4 - Xy2);

aVlaxyg = (¥yy - Vi) (1004 - Xq2) + ((LI30254/p + Heel - Xq5) (v - ¥q2)-(-1.0))isar(xy - %;2);
&Vylayy, = (LI3025,/p + Heel - x5)(x 4 - X42);

aVylayss = (LI3025,/p + Heel - x45)-(-1.0)/(%44 - X42) + 1.0;

aVilexyy = ((LI30254/p + Heel - Xyp) (V11 - Vi2)Sar(Xyq - Xq2);

AV, 188, = 1.0;

BVJaLI3025, = (Vo - Yao)-(-LI3025, 8p/aL13025, sqr(p) (as - Xso);
BV,JaDI3026, = (Y - Vo) (L13025,-3p/aDI3026,/sqr(p)(Xa - X);
aV,leSep = (Vo - Yao) (-LI3025;-8p/5Sep)/sar(p )/ (Xzq - Xz2);

aVylaHeel = (Yz1 - Y22/ (Xaq - Xz2);

EV,laLI3025; = (Va1 - Ya2)- 1.0/pl(Xy - %2a);

AVolEXo = (Y1 - Vo) (-1.0){Kgq - Xgp) + (H{LIB023,/p + Heel - Xp5) (Va1 - Yoo)(-1.0))/5Ar(Kg4 - Xo0),
V5leysq = (LI3025,5/p + Heel - Xg5)/(%o1 - Xa);

BV,l8y,, = (LI3025,/p + Heel - Xy)-(-1.0)/(Ky; - Xp) + 1.0:

BVolep = ((LI3025,/p + Heel - Xo5) (Yaq - V2o )5ar(Xay - Xoo),

aV,las, = 1.0;

Exhibit 12 Equations for Analytical Magr o from the SRAT with Random Uncertainty (part 1 of 2)
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Additional Partial Derivatives

s o/ELI3025, = (3.7854-C e (V, - V) 8plaLI3025, + p-3.7854-Cppe-(8V,/2LI3025, + -8V,/2L13025,))/(0.4723-1000000.0);
M e ,/8DI3026, = (3.7854-Cor(V; - Vo) 8p/aDI3026, + p-3.7854-C i (8V,/2DI3026, +-3V,/2DI3026,))/(0.4723-1000000.0);
My o/BSeD = (37854 C - (V, - Vy) 8plaSep + p-3 7854-Cr-(2V,/aSep +-2V,/aSep))/(0.4723-1000000 0);

M o aHeel = p-37854-C,p(aV /aHeel + -V, /aHeel)/(0.4723-1000000.0);

Mas oul@Xis = p-3.7854-C oV, /x,5/(0.4723-1000000.0);

Myr o8V, = p-3.7854-C -8V, /ay,,/(0.4723-1000000.0);

Mpr oY1 = p-3.7854-C -8V, 18Y1,/(0.4723-1000000.0);

Mpr oul@Xyy = p-3.7854-Cap-V,/xy,/(0.4723-1000000.0);

Mpr 0,88, = p-3.7854-Cpp-aV,/26,/(0.4723-1000000.0);

M,y 4, /8113025, = p-3.7854-C (-8V,/5L13025,)/(0.4723-1000000.0);

s ol8%sy = p-3.7854-C s (-8V4/2%5,)/(0.4723-1000000 .0);

s o8y = p-3.7854-C o (-8V4/8Y,)/(0.4723-1000000.0);

Myt oul@Var = p-3.7854-C o (-8Vo6Y,,)/(0.4723-1000000.0);

BMar ol g1 = p-3.7854-C - (-8V4/8%,,)/(0.4723-1000000.0);

Mpr /88, = p-3.7854-C e (-8V4/25,)/(0.4723-1000000.0);

Mar ouleCar = p-(V; - V,)-3 7854/(0.4723-1000000.0);

Exhibit 13 Equations for Analytical Mag o, from the SRAT with Random Uncertainty (part 2 of 2)

Table 9 Terms and Estimated Random Uncertainties Supporting Equation 25

Term/Instrument Description 1-Sigma Random Uncertainty
Car (see Equation 11) antifoam ca(r;)lcét/lkcg(;ncentranon Analytical uncertainty (see Equation 12)
LI3025 with subscript 1 level bubbler value (inwc) +1% of 231.6 inwc span [11]
DCS Deviation Limit +0.1 inwc [11]
Using a uniform distribution, 1-sigma random is
[(2.316/93)*+(0.1/V3)*°° = 1.3384 inwc
DI3026 with subscript 1 density bubbler value (inwc) +1% of 161.0 inwc span [12]
DCS deviation limit +0.05 inwc [12]

Using a uniform distribution, 1-sigma random is
[(1.61/73)*+(0.05/73)*1™ = 0.9300 inwc

tank calibration uncertainty

3 (see footnote for Table 7)

1-sigma random = 9 gallons

tank calibration uncertainty

% (see footnote for Table 7)

1-sigma random = 9 gallons
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To complete the evaluation of the Mar o required for Step 3, the bias for Mar o, determined by Equation
24 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass transferred out of
the SRAT, Mar ou, 1S estimated, as above, by appealing to a Taylor Series expansion of the Equation 24
in the fundamental measurements. Once again, note that p, V|, and V, are intermediary values. Also, the
V, and V, values each have a potential bias that is to be included in the evaluation. The Taylor’s Series
expansion may be expressed in the fundamental measurements and the potential biases (b; for V; and b,
for V) of the calculated volumes as given by:

Equation 26

2 [OMap,,\° oM ?
, AFyy, . AFo, ,
{blaS(MAFout)} =~ <ﬁ) X {blaS(CAF)}Z + <W025t1> X {blas(L130251)}2

OMur,,. \* OMur \°
— Aout ) fhias(DI3026,)}? + [ —=24 | x {bias(Sep)}>
*’(apz30261> {bias( D+ 3Sep {bias(Sep)}

aMAFout ? . 2 aMAFOut 2 . )
+<—E)Heel> x {bias(Heel)}* + 3L13025, x {bias(LI13025,)}

Mk, \ M.\
+( =72 ) x {bias(b)} +(—72) x {bias(h,)}
db, ob,

a1WAF0u!t

2X1x
+ dL13025,

X bias(LI3025,) X bias(L13025,)

a1WAFout
dLI13025,

0MyF,,,

2x1x
* ab,

X bias(b,) X bias(b,)

OMyF,,,
ab,

Note that in evaluating Equation 26, the bias for the Car term, i.e., bias(Car) term is estimated to be zero
and that two potential correlations among the biases are introduced in a bounding manner. So the
approach may be stated as: The analytical estimate of the concentration of carbon from AF is unbiased
and the b, and b, terms are the estimated biases in the volumes V, and V,, respectively, of Equation 24.
GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of the bias of Mar o, for Step 3 (see the upper portion of Exhibit 14) and to document
the complete set of partial derivatives needed to support the estimation of the bias of the Mur o value
(see the lower portion of Exhibit 14 and Exhibit 15). Once again, the X, X12, Y11, and y;, values and the
X1, X2, Y21, and y values are appropriately selected values (based upon the value of the LI3025
instrument as indicated by LI3025, and LI3025,) for determining volumes as indicated in Exhibit 8.To
complete the information necessary to compute the estimate of the bias of the Mar ou, estimates of the
bias terms of Equation 26 are needed. Table 10 provides the details of the bias information needed to
complete the estimation of the bias for the M o, value. A sample calculation for this step including the
random and bias uncertainties is provided in Exhibit B6 in Appendix B.

32



SRNL-STI-2014-00323

Revision 0

E quation:

0=(LI3025,-DI3026,)/Sep;

Vi =((LI30235, fp+rHeelx o) (¥44-Vyal (X Xy2)HY 427Dy,
V=((LI3023,/p J+Heelx, (Va1 -Vao) (o1 Hoa) HYaa tba;
My ou=3 78547C,,(V,-V,)p/(0.4723*1000000);

Partial Derivatives:

plaLI3025, = 1.0/Sep;

p/aDI3026, = (-1.0)/Sep;

GpléSep = (-{LI3025, - DI3026,))isqr(Sep);

BV, 13L13025, = (y, - y,2)-(1.00p + (-LI3025,-3p/aL13025, Jsqr(p))(X, - X;o);
&V,/aDI3026, = (yq4 - ¥12) (-LI3025, - 2p/2DI3026, Ysarip WX, 1 - X42);

AV /a5ep = (Vqq - ¥42)- (-LI3025,-aplaSep)sar(p V(Xq - Xq2);

eV leHeel = (v - Vo2l (X1 - Xq2);

Vilaxsz = (Y11 - Viz) (-1.0)/(X4q - X2) + (H{LIB0234/p + Heel - X2) (11 - Ya2) (-1.0))5ar(Xy - Xy2);
Vilayyy = (LI3025,/p + Heel - x5)/(xy1 - X42);

&V, lay,, = (LI3025,/p + Heel - x,,) (-1.0)(X; - X;z) + 1.0;

aVilexyy = (-(LI3025,/p + Heel - ;o) (V4 - Y42))sar(Xy - Xy2);

&V,iab, = 1.0;

BVJ8LI3025, = (Y, - Vao)-(-LI3025,-3p/5L13025, Vsar(p )Xy, - Xas);
aVo/aDI3026, = (Va4 - ¥2s) (-LI30255 8p/aDI3026, Jisar(p Y%z, - Xos);
BVoleSep = (Va1 - Yoo) (-LI30255-8plaSep)sar(p)(Xy - Xoa):

aVolaHeel = (yz1 - Yoo (Xp1 - Xp);

BVl8LI3025, = (Yo - Y22) 1.0/p/(Xa4 - Xoz);

BVolEXgz = (Vo1 - Yoz ) (-1.0)(%z1 - Xpz) + ({LIB025,/p + Heel - x55) (Y51 - Voo) (-1.0))/50r{x5 - Xp0);
EValays, = (LI3025,/p + Heel - X55)/(Xzq - Xo0);

BVl8Y = (LI3025,/p + Heel - x,0)-(-1.0)(Xy; - Xpp) + 1.0;

AV3lexay = (-(LI3025,/p + Heel - Xa5) (V21 - Y22) NSQI(Xa - Xo);

aV,laby = 1.0;

Exhibit 14 Equations for Analytical Mag o, from the SRAT with Bias Uncertainty (part 1 of 2)
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Additional Partial Derivatives

My o /8LI13025, = (3.7854-C o (V, - V,)-3p/aLI3025, + p-37854-C - (8V,/8L13025, +-2V,/aL13025,))/(0.4723-1000000 0);
My o,/EDI3026, = (3 7854-Cpp(V, - V) 8p/aDIZ026, + p-3.7854-Cp-(8V,/2DI3026, +-2V,/aDI3026,))/(0.4723-1000000.0);
M ou/aSep = (3.7854-Cyr (V, - V,)-8plaSep + p-3.7854-C -(8V,/2Sep + -aV,/aSep))/(0.4723-1000000.0);

M o eHeel = p-37854-C,p(8V, /aHeel + -3V, /aHeel)/(0.4723-1000000 0);

BMyr 48X, = p-3.7854-C a8V, /2x,,/(0.4723-1000000.0);

BMur oy, = p-3.7854-C a8V, /3Y,,/(0.4723-1000000.0);

EMar oYy = p-3.7854-C a8V, /3Y,,/(0.4723-1000000.0);

s g%, = p-3.7854-C a8V, /3X,,4/(0.4723-1000000 .0);

Myr oléby = p-3.7854-Cp-8V,/2b,/(0.4723-1000000.0),

M /813025, = p-3.7854-C 5e-(-8V,/6L13025,)/(0.4723-1000000.0);

BMar 08X, = p-3.7854-C s (-V,/8%,,)/(0.4723- 1000000 0);

BMur o8, = p-3.7854-C o (-2V/ay,,)/(0.4723-1000000 0);

s 0@V = p-3.7854-C s (-8V4/Y,,)/(0.4723-1000000 0);

BMr ol BXg; = p-3.7854- Cpp-(-8Vlax,,)/(0.4723-1000000.0);

BMyr o@Dy = p-3.7854-C o (-8V,4/ab,)/{(0.4723-1000000.0);

M ou/@Car = p-(V; - V,)-3.7854/(0.4723-1000000.0);

Exhibit 15 Equations for Analytical Magr o from the SRAT with Bias Uncertainty (part 2 of 2)

Table 10 Terms and Estimated Bias Uncertainties Supporting Equation 26

Term/Instrument Description Bias Uncertainty at 95% Confidence
Car (see Equation 11) antifoam carbon concentration (mg/kg) 0
L13025 . . .
with subscripts 1 and 2 level bubbler values (inwc) +1% of 231.6 inwc span [11]
Bias = 2.316 inwc
DI3026 with subscript 1 density bubbler value (inwc) +1% of 161.0 inwc span [12]

Bias = 1.61 inwc

tank calibration uncertainty

b (see footnote for Table 8) 12 gallons

: ]
Sep separation(ggt;ﬁiil)l bubblers 0.0625 inch [13]
Heel tank hi?;);lizvcvh)m 025 0.0625 inch [13]
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3.3.5 SRAT Step 4 Processing Linked to a Step 1 Event
Next consider the Step 4 event immediately following a Step 1 re-base lining of the Mr information in
the SRAT. The equation for the Mur new for step 4 is given by:

Equation 27

M _ 37854.CAF 'p'VZ
AFnew ™ 04723 - 1000000

where the density, p, and the volume V, are intermediary values which are determined from LI3025 and
DI3016 as described in Exhibit 8 and Exhibit 9 with the volume having an additional random variability
that is to be incorporated to the random uncertainty of Mar new-

Following the Taylor’s Series expansion approach described above, the estimated variance of Mag new for
Step 4 of Exhibit 9 may be written in terms of the fundamental measurements with J, representing the
random error for V, as:

Equation 28

0Myp,,,,,

aLI3025,

0Myg,,,,,

2
X variance(LI3025,)
0C,r

2
Variance(MAFnew) ~ ( > X variance(Cyp) + <

OMyr,,.,

aL13025,

OMyr,,.,
aDI3026,

2 2
> X variance(DI3026;) + + < ) X variance(L13025,)

OMyr,,,, \* .
+ 6—62 X variance(5,)

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Mar nw for Step 4 (see the upper portion of Exhibit 16) and to document the
complete set of partial derivatives needed to support the estimation of the variance of the Mg pew value
(see the lower portion of Exhibit 16 and Exhibit 17). For example, the X1, X2z, Y21, and y», values are
appropriately selected values (based upon the values of the LI3025 instrument as indicated by LI13025,)
for determining volume as indicated in Exhibit 8.To complete the information necessary to compute the
estimate of the variance of the Mur new, €stimates of the variance terms of Equation 28 are needed. These
values are provided in Table 11.
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E quation:

0=(LI13025,-DI3026,)/Sep:
Vo=((LI3025,/p J+Heel Koo (Vo1 -Vao) (Koq-Hoo) HYoa+8s;
Mar new=3.7854*C"V,"p/(0.4723*1000000);

Partial Derivatives:

apleL13025, = 1.0/Sep;

&p/aDI3026, = (-1.0)/Sep;
apleSep = ((LI13025, - DI3026,))/sar(Sep);

AVBLI3025, = (Vo - Vao)-(-LI3025,-8p/aLI3025,)/Sqr(p)(Kp: - Xoo),

AV,EDI3026, = (Va1 - Yao) (-LI3025,3p/2DI3026, Sqr(p ) (X - Xoo):

VlaSep = (Vo - Vz2) (-LI3025; 8p/aSep)/sar(p V(xzy - Xao);

EVlaLI3025; = (V21 - Yool 1.0/p/(Xay - Xz0);

eVylaHeel = (Va1 - Yao)l (Xa1 - Xp2);

EVol8Xap = (V21 - Yao) (-1.0)/(Xaq - Xgp) + (-{LIB025,/p + Heel - Xap) (Yaq - Vaz) (-1.0))SAMXy, - Xg0);
Valaysy = (LI3025,/p + Heel - Xgo )Xz - Xa0);

AV By = (LIB025,/p + Heel - Xoo)-(-1.0)/(Xo; - Xoo) + 1.0;

Volangy = (-(LI3025,/p + Heel - Xop) (Vo1 - Yo2)VSar(Xyy - Xo0);

aVylas, = 1.0;

Exhibit 16 Equations for Analytical Mar new for the SRAT Heel with Random Uncertainty
(part 1 of 2)
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Additional Partial Derivatives

My e /8Car = p-Vo3 7854/(0.4723-1000000.0);

EMr /@ = p-3.7854-C op-8V,/8%,,/(0.4723-1000000.0);
EMr neu/@V21 = p-3.7854-C op-8V4/EY,,/(0.4723-1000000.0);
EMur 1eu/@Yz2 = p-3.7854-C op-8V,/8Y,,/(0.4723-1000000.0);
EMar neu/EXp1 = p-3.7854-C sp-8V,/Ex,,/(0.4723-1000000.0);

EMur 10,188, = p-3.7854-Cap-8V86,/(0.4723-1000000.0),

M ey /8LI3025, = (3.7854-C o Vy-8p/alI3025, + p-3.7854-C,-aV,/aL13025,)/(0.4723-1000000.0);
M ey /EDI3026, = (3 7854-C eV, 8p/DI3026, + p-3 7854-C 5e-3V,/2DI3026,)/(0.4723-1000000.0);
M e /5S€D = (37854 Cap Vy-3plaSep + p-3.7854-C,u-2V,/aSep)/(0.4723-1000000.0);
EMyr 10, /ELI3025, = p-3.7854-C.-2V,/6L13025,/(0.4723-1000000.0);

EMye o /eHeel = p-37854-C,aV,/eHeel/(0.4723-1000000.0);

Exhibit 17 Equations for Analytical Mar new for the SRAT Heel with Random Uncertainty

(part 2 of 2)

Table 11 Terms and Estimated Random Uncertainties Supporting Equation 28

Term/Instrument

Description

1-Sigma Random Uncertainty

Car (see Equation 11)

antifoam carbon concentration

(mg/kg)

Analytical uncertainty (see Equation 12)

L13025
with subscripts 1 and 2

level bubbler values (inwc)

+1% of 231.6 inwc span [11]

DCS deviation limit

+0.1 inwc [11]

Using a uniform distribution, 1-sigma random is
[(2.316/93)*+(0.1/V3)*1°° = 1.3384 inwc

DI3026 with subscript 1

density bubbler value (inwc)

+1% of 161.0 inwc span [12]

DCS deviation limit

+0.05 inwc [12]

Using a uniform distribution, 1-sigma random is
[(1.61/N3)*+(0.05/43)*1°° = 0.9300 inwc

3,

tank calibration uncertainty
(see footnote for Table 7)

1-sigma random = 9 gallons

To complete the evaluation of the Mar new required for Step 4, the bias for Mar new determined by
Equation 27 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass remaining
in the heel of the SRAT, Mr new, is estimated, as above, by appealing to a Taylor Series expansion of the

Equation 27 in the fundamental measurements. Once again, note that p and V, are intermediary values.

Also, note that the V, value has a potential bias that is to be included in the evaluation. The Taylor’s

Series expansion may be expressed in the fundamental measurements and the potential bias of the
calculated volume as given by:
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Equation 29

2 oM 2 oM 2
. AFpew . AFnew :
{blaS(MAFnew)} ~ <—aCAF > x {bias(Csp)}* + <—6L130251> x {bias(L13025,)}>

Mgy, |’ {bias(DI3026,)}? OMapye, )’ {bias(Sep)})?
_— X _— X
*\ap13026, 1as U asep tasioep

oM 2 oM, g
+ (—AFneW) x {bias(Heel)}* + <M> x {bias(LI3025,)}?

dHeel 9LI13025,
aIwAFnew ’ ;
+ <a—bz> x {bias(b,)}?
) 1 aMAFneW aIV[AF‘neW b (LI3025 ) b (L13025 )
x 1% X X
+ aL130251 8L130252 s ! e :

Note that in evaluating Equation 29, the bias for the Car term, i.e., bias(Car) term is estimated to be zero
and that a potential correlation among the biases for LI3025 values is introduced in a bounding manner.
So the approach may be stated as: The analytical estimate of the concentration of carbon from AF is
unbiased and the b, term is the estimated bias in the volume V, of Equation 27. GUM Workbench was
used to develop the model equation and associated intermediary values supporting the determination of
the bias of Mar new for Step 4 (see the upper portion of Exhibit 18) and to document the complete set of
partial derivatives needed to support the estimation of the bias of the Mr new value (see the lower portion
of Exhibit 18 and Exhibit 19). Once again, X,1, X2, Y121, and y», are appropriately selected values (based
upon the value of the LI3025 instrument as indicated by LI3025,) for determining volume as indicated in
Exhibit 8.To complete the information necessary to compute the estimate of the bias of the Mar new,
estimates of the bias terms of Equation 29 are needed. Table 12 provides the details of the bias
information needed to complete the estimation of the bias for the Mar new value. A sample calculation for
this step including the random and bias uncertainties is provided in Exhibit B7 in Appendix B.
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Equation:
p=(L13025,-DI3026, )/Sep:

Vo=((LI3025,/p ) +Heel-Xos) (Vo -Yao ) (X4 -Xoo)+Yaat+Do;
Mar new=3.78947C "V, "p/(0.472371000000);

Partial Derivatives:

aplaL13025, = 1.0/Sep;

2p/aDI3026, = (-1.0)/Sep;

&plaSep = (-{LI3025, - DI3026,))sar(Sep),

aVolaLI3025, = (Y21 - Ya0)-(-LI3025,-2p/aLI3025, Ysar(p ) (Xoq - Xaz);
&V,/aDI3026, = (¥aq - Vaz) (-LI3025,5-8p/aDI3026, )sar(p ) (Xo; - Xz0);
EVolaSep = (Yo - Vao)- (-LI3025,-2p/aSep)sar(p(Xaq - Xao);
EV5/aLI3025; = (Y21 - Y22)1.0/p/(Xpq - Xo2);

dVyleHeel = (yz - Ya2)/(Xo1 - Xa);

EVoldXas = (Va1 - Yaz) (-1.0)(x5 - Xg0) + ({(LI3025,/p + Heel - Xo5) (a1 - Ya) (-1.0))sAr(, - X55);
EVoldyay = (LI3025,/p + Heel - Xg5)/(Xaq - Xaa);

Valdyas = (LI3025,/p + Heel - Xo0)-(-1.0)(Xyy - Xgq) + 1.0;

ANl = ((LI302550p + Heel - Xoo) (Va1 - ¥22))SAMKa - X22);

aVylab, = 1.0;

Exhibit 18 Equations for Analytical Mar new for the SRAT Heel with Bias Uncertainty (part 1 of 2)
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Additional Partial Derivatives

EM s 10 /ELIB025, = (3.7854-Cpp 'V 2p/aLI3025, + p-3.7854-Ci-8V,/2L13025,)/(0.4723-1000000.0);
M 10 /8DI3026, = (3 7854-C -V, p/aDI3026, + p-3 7854-C op-8V,18DI3026,)/(0.4723-1000000.0);
Mg nen/2SED = (3.7854-C o Vy-8plaSep + p-3.7854-C .--8V,/2Sep)/(0.4723-1000000.0);
EMur 1, /ELI3025, = p-37854-C,u-2V4/5LI3025,/(0.4723-1000000.0);

EMye nen/eHeel = p-3.7854-C -8V, /aHeel/(0.4723-1000000.0);

EMr ne/@Xs = p-3.7854-C 48V, /8%,,/(0 4723-1000000.0);

EMur 1en/@Va1 = p-3.7854-C 4r-8V,/8Yo,/(0.4723-1000000.0);

M neul8Vz; = p-3.7854-Cup-8V,ly,,/(0.4723-1000000.0);

EMur 1n/@Xa1 = p-3.7854-C 4 8V,l8%,, /(0. 4723-1000000.0);

EMar 1en,/ED; = p-3.7854-C -8V, l2b,/(0.4723-1000000.0),

M e /3Cr = p-Vy3 7854/(0.4723-1000000.0);

Exhibit 19 Equations for Analytical Mar new for the SRAT Heel with Bias Uncertainty (part 2 of 2)

Table 12 Terms and Estimated Bias Uncertainties Supporting Equation 29

Term/Instrument Description Bias Uncertainty at 95% Confidence
. antifoam carbon concentration
Car (see Equation 11 0
AF ( q ) (mg/kg)

LI3025
with subscripts 1 and 2

level bubbler values (inwc)

+1% of 231.6 inwc span [11]

Bias =2.316 inwc

DI3026 with subscript 1

density bubbler value (inwc)

+1% of 161.0 inwc span [12]

Bias = 1.61 inwc

tank calibration uncertainty

by (see footnote for Table 8) 12 gallons
separation between bubblers .
Sep (47 inches) 0.0625 inch [13]
tank heel below LI13025 .
Heel (6.77 inches) 0.0625 inch [13]
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3.3.6 SRAT Step 3 Processing
Next consider the Step 3 event with the SRAT Mr information available. The equation for the Mag oy is
given by:

Equation 30

_ MAF : (Vl - VZ)
AFout — Vl

where the volumes V, and V, are intermediary values which are determined from LI3025 and DI3016 as
described in Exhibit 8 and Exhibit 9 with the two volumes each having an additional random variability
that is to be incorporated into the random uncertainty of Mar ou.

Following the Taylor’s Series expansion approach described above, the estimated variance of Mg o for
Step 3 of Exhibit 9 may be written in terms of the fundamental measurements with &, and &, representing
the random errors for V; and V,, respectively, as:

Equation 31

OMyp,,,

aLI13025,

OMyp,,,

2
oM, ) X variance(L13025,)

2
Variance(MAFout) = < ) X variance(Myp) + <

, 2
n M X variance(DI30264) + % x variance(68,)
9D13026, ' 06, 1

+ M 2 x variance(LI3025,) + % 2 x variance(5,)
9LI3025, ’ 00, 2

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Mur o for Step 3 (see the upper portion of Exhibit 20) and to document the complete
set of partial derivatives needed to support the estimation of the variance of the Mg o value (see the
lower portion of Exhibit 20 and Exhibit 21). For example, the x;;, X2, y11, and yi, values; and the x,;, X2,
ya1, and y; values are appropriately selected values (based upon the values of the LI3025 instrument as
indicated by LI3025; and LI3025,, respectively) for determining volume as indicated in Exhibit 8.To
complete the information necessary to compute the estimate of the variance of the Mur o, estimates of
the variance terms of Equation 31 are needed. These values along with a description of the terms of
Equation 31 are provided in Table 13.
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Equation:

p=(LI3025,-DI3026,)/Sep;
V=((LI3025,/p)+Heelx ) (V1Y 2Ky 1%y 2V 2484,
V= {(L13025,/p)+HEel o) (VYoo ) (X1 Xoo) Vs 65
Mar ou=Mag"(V4-Vo)V,;

Partial Derivatives:

aplel13025, = 1.0/Sep;

2pleDI3026, = (-1.0)/Sep;

2plaSep = (-(LI3025, - DI3026,))sar(Sep);

aV,1aLI3025, = (Y41 - Y42)-(1.0/p + (-L13025,-2p/aLI3025, ¥5ar(p))(Xyq - X42);

&V, 1aDI3026, = {y,, - ¥42)-(-LI3025,-8p/aDI3026, )isar(p)/(x; - X;2);

&V,1eSep = (v - ¥42) (-LI3025,-gp/aSep)/sar(p)/ (% - X;2);

&VyleHeel = (y1g - Vi)l (X1 - X42);

V18K = (Vqq - Vi2) (10006 - Xy2) + (H(LI3025,/p + Heel - Xio)- (Vqq - ¥i2)- (-1.0))/sar(xy; - Xy2);
&Viylayyy = (LI3025,/p + Heel - x;2)(Xq - Xq2);

&V, /ey, = (LI3025,/p + Heel - x,5)-(-1.0){x; - %;2) + 1.0;

eVilaxyy = ((LI3023:/p + Heel - Xy3) (V41 - V12)VSAr(Xyq - X42);

aVyles, =1.0;

AV,IaLI3025, = (Vaq - Yau) (-LI3025,-8p/aLI3025, Vsar(p M (Xsy - Xo0);

&V,1aDI3026, = (Yo - Yo2)-(-LI3025,- 2p/aDI3026, )isqr(p)(Xaq - Xoo);

&V5la3ep = (Vg - Vo) (-LI3023,-8plaSep)sar(p)/ (e - Xz2);

&VyleHeel = (Yaq - Vaz)l (Xa1 - Xo0),

EV,51ELI3025; = (Va1 - Vzz) 1.0/p/(Xaq - Xa2);

EV3lBxgy = (Va1 - Yz2) (-1.0)/ (ka1 - Xgz) + (-(LI30254/p + Heel - X55) (V21 - Vzz) (-1.0))/sar(Xy - Xz2);
Vs, = (LI3025,5/p + Heel - x55)/(Xsy - X55);

Vslayss = (LI3025,/p + Heel - ¥55) (-1.0)/(X54 - X52) + 1.0;

Volaxy, = ((LI3025,/p + Heel - Xp5) (Vo - Ya2))5ar{Xyy - Xao),

&V,las,=10;

Exhibit 20 Equations for Calculating the Random Uncertainty for the Mar Transferred Out of the

SRAT (part 1 of 2)
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Additional Partial Derivatives

M o/ 8LI3025; = Mye-(-8V,/8LI3025,)Vy;
Map oz = Map-(-8V5EK)

EMup oud@Yar = Mug (-EVS/3Y24 )V

My _oud B2z = Mup (-EV/3Y50)V ]

Map ulE%aq = Map-(-aValaxo )V,

Map 88 = Map (-8V2/88)Vy;

EMup oud@Mar = (V- VRV

My 8113025, = M,y (3V,/8L13025, + -3V, /ol 13025, )V, + (Mae-(V - V)-8V, /aLI3025, Vsar(Vy);
M 0, /2DI3026, = M,-(2V,/aDI3026, + -8V5/aDIZ026,)V, + (Mye-(V, - V)-8V, /aDI3026,sar(V,);
Myr feSep = Mup-(2V,/a5ep + -2V, aSep)Vy + (-Map- (V4 - V)-8V, /aSep)isar(V,);

EMyr gfcHeel = Myp-(8V /eHeel + -gVolegHeel)Vy + (-Mae-(Vy - V5)-8Vy/eHeel)sar(Vy);

Mur @Rz = Map-aVylax oV + (Map-(Vy - Vo)-aVylax)isar(Vy);

M o &¥11 = Map-aVolay Vg + (Map-(Vy - Vo)-aVolay, )sar(Vy);

Map oY1z = Map-aVylay Vg + (Map-(Vy - Vo)-aVilayp)isar(Vy);

Map oul@Xqq = Map-aVylxy Vg + (Map-(Vy - Vo)-aVylaxy, isar(Vy);

Myr @8y = Map-aVylad vy + (Mg (V- V5)-8Vlas, )isar(Vy);

Exhibit 21 Equations for Calculating the Random Uncertainty for the Mg Transferred Out of the
SRAT (part 2 of 2)

Table 13 Terms and Estimated Random Uncertainties Supporting Equation 31

Term/Instrument Description 1-Sigma Random Uncertainty
Mar current AF ma(sljgl;rlor to transfer based upon SRAT status information

LI3025 with subscript 1

level bubbler value (inwc)

+1% of 231.6 inwc span [11]

DCS deviation Limit

+0.1 inwe [11]

Using a uniform distribution, 1-sigma random is
[(2.316/93)*+(0.1/V3)*1°° = 1.3384 inwc

DI3026 with subscript 1

density bubbler value (inwc)

+1% of 161.0 inwc span [12]

DCS deviation limit

+0.05 inwc [12]

Using a uniform distribution, 1-sigma random is
[(1.61/N3)*+(0.05/43)*1°° = 0.9300 inwc

J

tank calibration uncertainty
(see footnote for Table 7)

1-sigma random = 9 gallons

5,

tank calibration uncertainty
(see footnote for Table 7)

1-sigma random = 9 gallons

To complete the evaluation of the Mag o required for Step 3, the bias for Mar o, determined by Equation
30 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass transferred out of
the SRAT, Mar ou, 1S estimated, as above, by appealing to a Taylor Series expansion of the Equation 30
in the fundamental measurements. Once again, note that p, V,, and V, are intermediary values. Also, the
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V, and V, values each have a potential bias that is to be included in the evaluation. The Taylor’s Series
expansion may be expressed in the fundamental measurements and the potential biases of the calculated
volumes as given by:

Equation 32

2 [(OMap \° oM 2
. ~ AFgut . 2 AFgut . 2
{blas(MAFout)} ~ (—aMAF > x {bias(Myr)}* + <—6LI30251> X {bias(LI3025;)}

OMup,.. \* My 1\
— bias(DI3026,)}> ——out bias(S 2
+<6DI30261> X {bias( DY+ 35ep x {bias(Sep)}

<aﬂhamt

OHeel

2 x {bias(Heel)}* + My 2 x {bias(L13025,)}?
dL13025, z

oM, 2 oM, 2
+ | —2Rout ) % (bias(by)}? + [ —=2t ) x {bias(b,)}?
ab, ab,

OMyp,,,,

2X1X
+ 3LI13025,

X bias(LI3025,) X bias(LI3025,)

OMyp,,,
aLI3025,

aIwAFout

2X1x
+ dby

X bias(b,) X bias(b,)

aIwAFout
ab,

Note that in evaluating Equation 32, two potential correlations among the biases are introduced in a
bounding manner. So the approach of may be stated as: the b; and b, terms are the estimated biases in the
volumes V; and V,, respectively, which may be correlated. In addition, the biases of the two LI3025
values (L13025, and LI3025,) may also be correlated. GUM Workbench was used to develop the model
equation and associated intermediary values supporting the determination of the bias of Mg o for Step 3
(see the upper portion of Exhibit 22) and to document the complete set of partial derivatives needed to
support the estimation of the bias of the Mur o, value (see the lower portion of Exhibit 22 and Exhibit
23). Once again, the x;;, X2, ¥11, and yy, values and the X5, X2, Y21, and y,; values are appropriately
selected values (based upon the values of the LI3025 instrument as indicated by LI3025; and LI3025,,
respectively) for determining volumes as indicated in Exhibit 8. To complete the information necessary to
compute the estimate of the bias of the Mur ou, estimates of the bias terms of Equation 32 are needed.
These values along with a description of the terms are provided in Table 14. A sample calculation for this
step including the random and bias uncertainties is provided in Exhibit B8 in Appendix B.
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Table 14 Terms and Estimated Bias Uncertainties Supporting Equation 32

Term/Instrument Description Bias Uncertainty at 95% Confidence
Mar Current AF ma(isgr))rlor to transfer Based upon SRAT Status information
L13025

with subscripts 1 and 2

level bubbler values (inwc)

+1% of 231.6 inwc span [11]

DI3026 with subscript 1

Bias =2.316 inwc

density bubbler value (inwc)

+1% of 161.0 inwc span [12]

Bias = 1.61 inwc
. i, 2 gl
b, e footmots for Table 8) 12 gallons
Sep Separatio(r:1 ;vitl‘;vﬁz; bubblers 0.0625 inch [13]
Heel Tank 1(1;:27bie;21v12 SL)B 025 0.0625 inch [13]
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E quation:

p=(LI3025,-DI3026,)/Sep;

WV =((LI3025,/p)+Heel-x o) (¥, 1-Vi2 (K 4-X2) 4V 2tDy;
V=((LI3023,/p )J+Heelxay) (Y21 -Vaa) (a1 %oz Y2t Ds;
Mag_ou=Mag(V-Vo)Vy;

Partial Derivatives:

aplaLI3025, = 1.0/Sep;

3plaDI3026, = (-1.0)/Sep;
aplaSep = (-(LI3025, - DI3026,))/sar(Sep);

aV,18LI3025, = (y, - Y1o)-(1.00p + (-LI3025,-3p/8L13025, )isqr(p V(X - X1o);

&V, /2DI3026, = (v, - V1p)-(-LI3025, - 8p/2DI3026, \sqr(p) (X, - X,5):

V., 1a5ep = (yqy - ¥42)-(-LI3025,-2p/aSep)sar(p (X4 - X42);

aVileHeel = (Vg - Vi2l(Xqq - Xq2);

Vyl8xyz = (¥yy - Vi) G0N - Xy2) + ((LIB0254/p + Heel - Xy5) (V44 - Viz) (-1.0))/sar(xy - X;2);
aVylayyy = (LI3025,/p + Heel - x;5)(%y4 - X42);

AV, /8y,, = (L13025,/p + Heel - x;)-(-1.0)(x,q - X,3) + 1.0;

Vylakqy = ({LI3023,/p + Heel - X;2)- (V4 - Ya2)Msar(Xyq - Xi2);

aV,fab, = 1.0;

AV, ELI3025, = (Y1 - Vo) (-L13025,-3p/aL13025, )sqr(p)/ (X, - Xoo):

AV,/EDI302B, = (Vo - Yap)-(-LI3025,-8p/aDI3026, )isqr(p) Xy, - Xps):

aV,laSep = (Vg - Yz ) (-LI3025;-8p/aSep)sar(p)/ (X - Xz2);

aVyleHeel = (Yo - Vaall(Xg1 - Xz2);

VRlELIB025; = (V2 - Y22) 1.0/p/(Xy - ¥22);

AV plEXgo = (Y1 - Yoo) (-1.0)/(Xay - Xog) + (-{(LI30235/p + Heel - Xpz) (V21 - Yoo) (-1.0))/5Ar(Xz - X2);
Valaysy = (LI3025,/p + Heel - X35/ (Xoq - Xaa);

Vol &yss = (LI3025,/p + Heel - x55)-(-1.0)/(Xg - X35) + 1.0;

Volany, = (-(LI3025,/p + Heel - X55)- (V2 - Y22)lsar(y, - %z0);

aVylab, = 1.0;

Exhibit 22 Equations for Mag o, from the SRAT with Bias Uncertainty (part 1 of 2)
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Additional Partial Derivatives

My 02113025, = M, (aV,/6LI3025, + V513025, )V, + (Mar (V, - V,) aV,/6L13025, Ysar(V,),
M,p 5, /2DI3026, = M,e-(8V,/aDI3026, + -8Vo/aDI3026, 1V, + (Map-(V, - V)-8V, /aDI3026, isar(V, )
Mar oufESep = Myp-(8V /eSep + -aV5laSep)V, + (-Myp-(V, - V,)-8Vy/eSep)isar(V,);

eMap gufeHeel = Myg-(eV, /eHeel + -gViigHeel)V, + (M- (V, - V5)-8V,leHeel)sar(V,);

M gufeXiz = Map- @V /e oV + (Mup- (Vg - Vp)-aVolexlsar(Vy);

Mg _outf@Y11 = Map-@Vilay Ny + (Mg (Vo - Vo) aVilayyVsar(Vy);

Mg oud@Vr2 = Mup-aVilay oV + (Map-(Vy - Vo) aVilayg)isar(Vy);

Mg _outf@X11 = Map-eVilaxy Vg + (Mag-(Vy - Vo) aVolaxy sar(Vy);

Map quifeDy = Mag-eVafaby Vg + (-Mpp-(Vy - V)-8V, /aby Misar(V,);

M ou/8LI3023; = Myp-(-aVo/8LI3025,)Vy;

M outl8Xaz = Mup-(-8Vo8%50)V,;

Mg oud@Yz1 = Mup(-6VolEYo IV

SMar 0utl&Y2z = Map-(-8Val8y2)Vy;

Map quifeay = Map-(-aVolaxs )V

M ou'éDz = Mup-(-8V3laba)Vy;

Map qufeMar = (Vi - V)V,

Exhibit 23 Equations for Mar ou from the SRAT with Bias Uncertainty (part 2 of 2)

3.3.7 SRAT Step 4 Processing
Next consider the Step 4 event with the SRAT M,r information available. The equation for the Mf new is
given by:

Equation 33
_ Myp -V

Mabrew ==,

where the volumes V; and V, are intermediary values which are determined from LI3025 and DI3016 as
described in Exhibit 8 and Exhibit 9 with the two volumes each having an additional random variability
that is to be incorporated to the random uncertainty of Mar new-

Following the Taylor’s Series expansion approach described above, the estimated variance of Mg pew for
Step 4 of Exhibit 9 may be written in terms of the fundamental measurements with 3, and J, representing
the random errors for V; and V,, respectively, as:
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Equation 34

0Myp,,,,,

0Myg,,,,,
9LI3025;

2
M, > X variance(LI3025,)

2
Variance(MAFnew) = ( > X variance(M,p) + <

0Myp,,,,,

2
25, > X variance(6;)

2
aIwAFnew B
+ m X variance(DI3026,) +

Mg,

2
35, ) X variance(6,)

a 2

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Mar new for Step 4 (see the upper portion of Exhibit 24) and to document the
complete set of partial derivatives needed to support the estimation of the variance of the Mar ou value
(see the lower portion of Exhibit 24 and Exhibit 25). For example, the x;;, X2, y11, and y;, values; and the
Xa1, X22, Y21, and ya, values are appropriately selected values (based upon the values of the LI3025
instrument as indicated by LI3025; and LI3025,, respectively) for determining volume as indicated in
Exhibit 8.To complete the information necessary to compute the estimate of the variance of the Mar out,
estimates of the variance terms of Equation 34 are needed. These values along with a description of the
terms of Equation 34 are provided in Table 15.
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E quation:

p=(LI3025,-DI3026,)/Sep;
Vi=((LI3025/p rHeelx ) (V11-Y12l (X11-Ki2) #1248+
V5=((LI30254/p HrHeel-Kas ) (Yo Voo ) (Xa1-Kog Yoo+ 5a;
Mar_new=Mar™ValVy;

Partial Derivatives:

2p/2L13025, = 1.0/Sep:

3plaDI3026, = (-1.0)/Sep:

plaSep = (-(LI13025, - DI3026,))/sar(Sep);

BV/BLIB025, = (v, - Vyo) (1.00p + (-LI3025,-3p/aLI3025,Vsar(p)l (X - X;):

aV,18DI3026, = (V4 - Y4o)-(LI3025,-8p/aDI3026,sqr(p Xy - Xy2):

&Vi/aSep = (yqq - ¥12) (-LI30254-éplaSep)sar(p)(xy - X2);

aVyleHeel = (yyq - Ya2l(Xyq - Xq2),

AV 3 = (Vg - Vi2) (F1.0)0¢ 4 - X42) + (H(LI3025,/p + Heel - X45) (V4 - Vi2) (-1.0))sar(x, 4 - Xy2);
aVifayy, = (LI3025,/p + Heel - %5004 - X42);

V.13 = (LI3025,/p + Heel - x,0)-(-1.0)/(Xy, - X;g) + 1.0;

aVylaxyy = ((LI3023,/p + Heel - Xyo) (Y4 - Vi2)SQr(Xqq - X2);

vy fes, =1.0;

AV,1ALI3025, = (Y, - Vo) (-LI3025,-3p/aLI3025,Msqr(p V(y: - Xas);

BV, 18DI3026, = (o, - Yao)-(L13025,3p/8DI3026, )sqr(p (Ko, - Xoo):

eVyleSep = (Yay - Va2) (-LI3025,-epleSep)sar(p Xy - Xa0),

aVlaHeel = (Vo - Yol (Xzq - Xo2),

eVolalI3025; = (Y21 - Y22) 1.0/p/(Xp1 - Xz2),

EVoldXas = (Y21 - Vao) (-1.0)/(Xgy - Xg5) + (-(LI30235/p + Heel - Xg5) (V21 - Ya2) (-1.0))/SAr(Xg4 - Xa0),
EVslaysy = (LI3023./p + Heel - ¥35)(Xsq - Xoa);

AV,18Y, = (LI3025,/p + Heel - Xup)-(-1.0)/(Xy, - Xpp) + 1.0:

V5las, = (-(LI3025,/p + Heel - xo;) (V21 - Y22 )Sar(Xay - %20);

&V,yles,=10;

Exhibit 24 Equations for Calculating the Random Uncertainty for the Mar Heel in the SRAT

(part 1 of 2)
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Additional Partial Derivatives

M 1en/aLIB025, = Mg 8V5/aLI3025,V, + (Map-V, 6V, /LI3025, Ysar(V, ),
Mo 1en/2DIZ026, = M,p-aV,/8DI3026,V, + (M- V-8V, /aDI3026, Visar(V, )
Mur nen/35ep = Map-aVolaSepVy + My V-8V, faSep)sar(V);

EMyr penfeHeel = Mye-aVoleHeelV, + (-Myp-Vy-2V /eHeel)sar(V,);

EMur newl@Xiz = (MapVo aVy/ax,p)sar(Vy);

Mar new/Y11 = (MapVyaVileyy,)isar(Vs);

Maur_new/@¥12 = (MapVy@Vyleyp)sar(Vy),

Mar new/@Xay = (MapVyaVilax,, )isar(Vs);

M _new/081 = (MapVyaVylas, Nsar(Vy),

M 1eulaLI3025, = M- 8V5/aLI3025,0V,;

M ar_new/S%zn = Map-6ValoxaolVy,

My new/SY21 = Map-aValay/Vy,

Mar_new/EY22 = Mag aValyz/Vy;

My new/S%ay = Map-aVolax/Vy;,

Mar newl88z = My dVolasVy;

Mur pew/EMar = VoIV

Exhibit 25 Equations for Calculating the Random Uncertainty for the Mar Heel in the SRAT
(part 2 of 2)
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Table 15 Terms and Estimated Random Uncertainties Supporting Equation 34

Term/Instrument

Description

1-Sigma Random Uncertainty

MAF

current AF mass prior to transfer

(kg)

Based upon SRAT Status information

LI3025 with subscript 1

level bubbler value (inwc)

+1% of 231.6 inwc span [11]

DCS Deviation Limit

+0.1 inwc [11]

Using a uniform distribution, 1-sigma random is
[(2.316/93)*+(0.1/43)*1>° = 1.3384 inwc

DI3026 with subscript 1

density bubbler value (inwc)

+1% of 161.0 inwc span [12]

DCS Deviation Limit

+0.05 inwc [12]

Using a uniform distribution, 1-sigma random is
[(1.61/73)*+(0.05/73)*1™° = 0.9300 inwc

gl

tank calibration uncertainty
(see footnote for Table 7)

1-sigma random = 9 gallons

3,

tank calibration uncertainty
(see footnote for Table 7)

1-sigma random = 9 gallons

To complete the evaluation of the Mar new required for Step 4, the bias for Mar new determined by
Equation 33 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass for the
SRAT heel, Mar new, is estimated, as above, by appealing to a Taylor Series expansion of Equation 33 in

the fundamental measurements. Once again, note that p, V,, and V, are intermediary values. Also, the V,
and V, values each have a potential bias that is to be included in the evaluation. The Taylor’s Series
expansion may be expressed in the fundamental measurements and the potential biases of the calculated

volumes as given by:

Equation 35

OMyr

oM, 2 oM, 2
{bias(Mur, )} =~ <M> x {bias(M,p)}? + <ﬂ> x {bias(L13025,)}?

AFnew

<6M
+

OHeel

+2x1X

N Mg,
9DI13026,

0Myp,,,,,

oM 2
+ M) x {bias(b,)}? +(

ab,

aLI3025,

+2x1x

OMyp,,,,,
9113025,

OMyp,,,,

Mg,

2
) x {bias(DI3026,)}* + <

My,

2
: 2
) x {bias(Heel)}* + <6LI30252

OMypr,,.,

ab,

ab,
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OMyp,,,,,
ab,

aLI3025,

2
3Sep ) x {bias(Sep)}?

2
) x {bias(LI3025,)}?

2
> x {bias(by)}?

% bias(L13025,) X bias(LI13025,)

X bias(b,) X bias(b,)
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Note that in evaluating Equation 35, two potential correlations among the biases are introduced in a
bounding manner. So the approach may be stated as: the b; and b, terms are the estimated biases in the
volumes V; and V,, respectively, which may be correlated. In addition, the biases of the two LI3025
values (LI13025, and LI3025,) may also be correlated. GUM Workbench was used to develop the model
equation and associated intermediary values supporting the determination of the bias of Mar new for Step 4
(see the upper portion of Exhibit 26) and to document the complete set of partial derivatives needed to
support the estimation of the bias of the Mur o, value (see the lower portion of Exhibit 26 and Exhibit
27). Once again, the x;;, X1, Y11, and yj, values; and the X,;, X2, V21, and y», values are appropriately
selected values (based upon the values of the LI3025 instrument as indicated by LI13025, and LI3025,,
respectively) for determining volumes as indicated in Exhibit 8. To complete the information necessary to
compute the estimate of the bias of the Mur o, €stimates of the bias terms of Equation 35 are needed.
These values along with a description of the terms are provided in Table 16. A sample calculation for this
step including the random and bias uncertainties is provided in Exhibit B9 in Appendix B.

Table 16 Terms and Estimated Bias Uncertainties Supporting Equation 35

Term/Instrument Description Bias Uncertainty at 95% Confidence
Mar current AF mass prior to transfer (kg) Based upon SRAT Status information
LI3025 . .
. . +19 .
with subscripts 1 and 2 level bubbler values (inwc) 1% of 231.6 inwc span [11]
Bias = 2.316 inwc
DI3026 with subscript 1 density bubbler value (inwc) +1% of 161.0 inwc span [12]
Bias = 1.61 inwc
tank calibration uncertainty
b (see footnote for Table 8) 12 gallons
b, tank calibration uncertainty 12 gallons

(see footnote for Table 8)

Separation between bubblers

Sep (47 inches)

0.0625 inch [13]

Tank heel below LI3025

Heel (6.77 inches)

0.0625 inch [13]
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Equation:

p=(L13025,-DI3026, )/Sep;
V,=((LI3025,/p)+Heelx o) (V1Y 12l (XX +Y12+Dy;
V=((LI3025,/p)+Heelx) (Ya1-Va ) (Ho1 Kozl Y2 Ds;
Mar_new=Mar™Va/Vy;

Partial Derivatives:

aplaL13025, = 1.0/Sep;

5p/aDI3026, = (-1.0)/Sep:
splaSep = (-{LI3025, - DI3026,))sqr(Sep);

BV, 18LI3025, = (y,, - V4o)-(1.0/p + (-LI3025,-8p/8L13025,)/sqr(p )Xy, - Xyo):

BV,12DI3026, = (v, - V1)-(-LI3025,-3p/2DI3026,)isqr(p )Xy - X1s):

V4 /asep = (¥y, - ¥42) (-LI3025,-8plaSep)/sar(p )Xy - X,2),

aVyleHeel = (yqq - Yi2l(X4g - Xi2);

aVyléxiz = (Va1 - Yaz) (F1.0M(%qq - Xq2) + (H{LI30254/p + Heel - Xi5) (Y44 - Yi2) (-1.0)¥sar(Xy - X42);
aVileyyy = (LI3025,/p + Heel - x50 (%44 - X42);

V181, = (LI3025,/p + Heel - X,5)-(-1.0)/(xy; - Xgz) + 1.0;

eVylexyy = (-(LI3025,/p + Heel - Xy5)- (Y41 - Y42))/SQr{xyy - Xq2),

&V, lab, = 1.0;

BV,/ELI3025, = (Y - Vao) (-LI3025,-3p/aLI3025, iSqr(p V(X - Xs3);

8V,/aDIB026, = (y; - Y5)-(-LI13025, 2p/2DI3026, isqr(p)(Xa: - Xao):

eV,leSep = (Yaq - ¥ao) (-LIS025,-8p/aSep)sar(pM{Xs - Xaz),

aVoleHeel = (yoq - Yol (Xo1 - X20);

2V,/aLI3025; = (¥a1 - Ya0) 1.0/p/(%z1 - X52);

Exhibit 26 Equations for Mag new for the SRAT Heel with Bias Uncertainty (part 1 of 2)
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Additional Partial Derivatives

BVolEXzy = (V21 - Ya2) (-1.00(Xzq - Xz2) + ({LI3023,/p + Heel - Xa5) (V21 - Yoo ) (-1.0))/SAN(X54 - Xoo);
aVolays, = (LI3025,/p + Heel - X50)/(Xoq - Xo0);

V482, = (LI3025,p + Heel - Xgp) (-1.0)/(K; - Xop) + 1.0;

eValéxyy = ((LIB0255/p + Heel - x55) Y2y - Vao))/Sar{Xay - Xz2),

Vb, = 1.0;

Mar e /LI3025, = M, o-aV,/LI3025,1V, + (M- V-V, /2LI3025, Vsar(V, )
Mar 1 /EDI3026, = Myp-2V,JaDIB026,/V, + (M- V-6V, /8DI3026,Yisqr(V,);
OMyp ey /85ep = Myp-aVolaSeplVy + (-Mye- V58V leSep)isar(V,);
SMyp ey /oHeel = Myp-oVolsHeellV, + (Mo 8V, /aHeel)sar(V,);

My newl @iz = (MapVoéVylaxso)sar(Vy),

My new/@¥1y = (MapVo-éVylayyq Vsar(Vy);

Mg _new/@¥12 = (MapVo-éVylay,olsar(Vy);

Mar_new/EXiq = (MapVoraVilaxy isar(Vy);

Mg ne/éD, = (MaV,-2V,Jeb,Yisar(V,);

Mg e /8LI3025, = M, -8V, JaLI3025,V;

Mar new/8%zz = Map-aVolaxy,/Vy;

My newl Y21 = Map-Valay, /Vy;

Mar newl/BY22 = Map aVolayo,/Vy;

Map newl/Xaq = Mg dValdXa /My

Mg _new/dDs = Map-6VolabalVy,

Mar_new/8Mar = VolVy;

Exhibit 27 Equations for Mag new for the SRAT Heel with Bias Uncertainty (part 2 of 2)

54




SRNL-STI-2014-00323
Revision 0

3.4 Tracking Antifoam in the SME

The SME is the hold-point of the antifoam tracking system. It is the contents of the SME that must be
shown with high confidence to meet the restrictions imposed in reference [1]. To support the tracking of
antifoam for a SME batch, the M,r value and its uncertainty (a 1-sigma random uncertainty and limit on
bias at 95% confidence) associated with the SME contents are to be maintained at all times. If these
values are not known, the contents of the SME are to be sampled and analyzed to re-baseline the antifoam
mass and its uncertainty in this tank. With these values known, the antifoam tracking system must be
capable up handling three types of events: (1) an event involving a transfer from the AMFT into the SME,
(2) an event involving the transfer of SRAT product to the SME, (3) the event of a determination of
acceptability for transfer of the SME material to the Melter Feed Tank (MFT). Handling these events
entails updating the status of the M value and its uncertainty in the SME as well as confirming that the
status of the Mr and its uncertainty in the SME tank meet are restrictions before transferring the SME
product to the MFT

Exhibit 28 provides a flow diagram at the SME level for processing an event involving the SME. For any
SME-related event, there is an initial assessment of the current status of the Mr value and its uncertainty
in the SME. That is represented by the first decision step in the process flow diagram. If the status is
unknown, then the “No” branch is taken out of this decision block and the value of the Msr and its
uncertainty must be re-base lined as indicated in Step 1 of the diagram. If the status is known, the “Yes”
branch is taken out of this decision block. With the Mur value and its uncertainty known, the next
decision block is evaluated to determine the type of event that needs to be addressed by the tracking
system. Once again, there are three primary events captured in the flow diagram: a) if there is a transfer of
SRAT product to the SME, then the impact of the change in the mass of antifoam in the contents of the
SME must be determined (indicated as Step 2 in Exhibit 28), b) if there is a transfer from the AMFT, then
an antifoam addition is to be made to the SME and the impact of this addition on the Mafr value must be
determined (indicated as Step 3 in Exhibit 28),and c) if the acceptability of a transfer of SME product to
the MFT is to be determined, then the constraints of reference [1] must be met after accounting for
appropriate uncertainties (indicated as Step 4 in Exhibit 28) prior to the transfer of material to the MFT.
And once acceptability is confirmed and a transfer to the MFT is made there is a need to update the Mg
status of the SME after the transfer (indicated as Step 5 in Exhibit 28).
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SME

Start a New
Batch

1. Quantify SME Level and Antifoam SME
Conc:e;ntration: Pe..n‘orm analytical Mar &
technique for antifoam

uncertainty

determination using level and T

density determination.

Determine Myr & uncertainty

AF Addition Transfer

3. Determine Transfer . ctermine tol&Densty N,_—r
From SRAT Cor =0.49 sior M SME Density)

Mae_new=Mag+ Mag ada

Determine uncertainty 2. Determine

Mar_new=Mar+ Mar_spar 5.SME Heel AF Mass

Determine uncertainty Mar_new = Myr *(V2/Vy)

Determine uncertainty

Exhibit 28 Process Flow for Tracking Antifoam Mass in the
Slurry Mix Evaporator (SME) Tank

Exhibit 29 and Exhibit 30 provide an overview of the SME calculations supporting the antifoam tracking
system. The calculations for Step 1 are executed if the Mur value or its uncertainty is unknown for the
SME; this results in the re-establishment of a M,r value along with its uncertainty.

3.4.1 SME Step 2 and Step 3 Processing

For Step 2, the one-sigma uncertainty for the new value of Mg (i.€., Mar new in the Step 2 equation) is the
square root of the sum of the variances of the two terms on the right-hand side of the Step 2 equation:
Myr and Mar ade, While the bias of the new value is simply the sum of the biases of the two terms on the
right-hand side of the Step 2 equation. This is also true for Step 3: the one-sigma uncertainty for the new
value of Mr (i.e., Mar new in the Step 3 equation) is the square root of the sum of the variances of the two
terms on the right-hand side of the Step 3 equation: Mar and Mar adq and the bias of the new value is
simply the sum of the biases of the two terms on the right-hand side of the Step 3 equation. Sample
calculations for Step 2 and Step 3 including the random and bias uncertainties are provided in Exhibit
B10 and Exhibit B11, respectively, in Appendix B.

3.4.2 Overview of SME Steps 1, 4 and 5 Processing

Step 4 provides the determination of the acceptability of the SME product for transfer to the MFT. Mar ou
value associated with the transfer from the SRAT to the SME. Step 5 provides the mass of the antifoam
remaining in the SME (i.e.,, the SME heel) after the transfer out of the SME to the MFT has been
completed. The calculations supporting each of steps 1, 3 and 4 of the tracking system for the SME are
covered in turn in the following discussion.
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SME Calculations

1. Re-base-lmng of the SME
The SME wvessel will be re-base-lined using the analytical method for antifoam concentration
detenmination that is currently used. The mass of antifoam at the time of the SME sample can be
determined by
Myp = CoprVyop
where the detemmination of volume, Vi, from the source instnumentation, LI3109 and DI3 108, is
descrnbed below and p is calculated from these mstnuments by

_ (LI3109, — DI3108,)
= o

P

and Sep stands for the separation between the two mstnuments. The Sep value is 47 mches.

The vohumne n the SME can be representedin tenms of the value at event, 1= 1 (before a transfer) or
i =12 (after a transfer), ofits source nstnumentation LI3109 as:

LI3109;
For xi; e:( 5 +H99£] = Xiq,

%+ Heel — x4,

H (¥ — Vi) + Ve

(xi1 — i)
where the Heel is 6.77 inches and there are four sets of x’s and v's comesponding to 4 segments

within the SME. These values are (see reference [3]):

Segment Xt i Vit v
I (lowest) | 2.8031 o 300 0
2 19232 9.8051 | 3240 [ 300
3 12525 79232 | 8500 [ 3240
4 (highest) | 175.02] 12535 [ 12000 10830

Exhibit 29 SME Calculations Supporting the Antifoam Tracking System (part 1 of 2)
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[

Antifoam Mass in the SME after a Transfer from the SEAT
The mass of antifoam in the SME after the SEAT transfer (the amount from the SEAT is as
determined in SEAT Step 3)is given by:

Mar sew =Mar +Mar aus
3. Antifoam Mass in the SME after an Addition from the AMFT

The mass of antifoam in the SME after the AMFT addition {the amount from the AMFT is as
determined in AMFET Step 3)is given by:

Blar cow = Mar + Mar a2
4. SME Acceptability Decision

The carbon concentration in the SME from antifoam iz

0.4905 - 1000000 - M,z
p -V, -3.7854

Car

where the density (kg/L), p, and the vohume V; {gal) are determmined as desaibedin Step 1 above. The
value of 3. 78341z a conversion factor with units ofL/gal. The value of 049035 is a conservative (e,
bounding on the high side) conversion factor with units of kg of carbon per kg of antifoam. The
1,000,000 walue is a conversion factor with units of mg'kg. The Carvalue is assessed against the
constraints imposed by [1] with all uncertainties appropriately addressed.

LA

Amount of Antifoam m the SME Heel Following a Transfer Cut to the Melter Feed Tank (MFT)
The amount of antifoam remamimng m SME after a transfer out to the MFT 1s

V3
‘Hﬂfﬂm- = ﬂ'f‘q_lv_- . 1.-7
1

where V) and Vi are volumes in the SME which can be reprezented in tenms of the values fori=1
(before the transfer) and 2 (a fter the transfer) of their source instnumentation, LI3109. These values
are determined as described in Step 1 above. Note that the density value, p, that is used in the
detenmination of V) is also used in the detemmination of Vi

Exhibit 30 SME Calculations Supporting the Antifoam Tracking System (part 2 of 2)

3.4.3 SME Step 1 Processing
The equation for Step 1 of Exhibit 29 provides a guide for re-base lining the Mar new (kg) value for the
SRAT. Writing the equation out with more detail to include the appropriate unit conversions yields:

Equation 36

AFnew ™ (0.4723 - 1000000

In this equation, Car represents the carbon concentration (mg/kg) from AF determined from the analytical
measurements of the SRAT contents with the volume (gal), V|, and density (kg/L), p, determined as
indicated in the Step 1 description of Exhibit 29 by measurements from instruments LI3109 and DI3108
along with values for the separation (Sep) between the bubblers and the heel (Heel) for LI3109. The value
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of 3.7854 is a conversion factor with units of L/gal. Once again, the value of 0.4723 is a conservative (i.e.,
bounding on the low side) conversion factor with units of kg of carbon per kg of antifoam. The 1,000,000
value is a conversion factor with units of mg/kg. Note that p and V; are intermediary values with the V;
value having an additional variability described below. Using the Taylor’s Series expansion approach
described above, the estimated random variance of Mur new for Step 1 of Exhibit 29 may be expressed in
the fundamental measurements as given by:

Equation 37

0Myg,,,,,

2 My
x variance(Cyp) + ey
0Cyr

2
m) X variance(LI3109,)

Variance(Mup,, ) ~ (

aMAF z ) a1\4AF 2 .
+ | =—=——2%) Xwvariance(DI3108,) + Tm"w X variance(6;)
1

where all of the estimated variances are for the random uncertainties of the indicated measurements.
Specifically, the variance for Cxr is estimated from the analyses of the SME samples as given by equation
12 and the variance(d;) term represents the variance of the random uncertainty associated with the
computed volume, Vi.(see the upper portion of Exhibit 31 for the introduction of the J; term into the
model equation for Maf new). GUM Workbench was used to develop the model equation and associated
intermediary values supporting the determination of Mur new for Step 1 (see the upper portion of Exhibit
31 ) and to document the complete set of partial derivatives needed to support the estimation of the
variance of the Mar new Value (see the lower portion of Exhibit 31). For example, Xi1, Xi2, Y11, and yi, are
appropriately selected values (based upon the value of the LI3109 instrument as indicated by L13109,) for
determining volume as indicated in Exhibit 29.To complete the information necessary to compute the
estimate of the variance of the Mur new, €stimates of the variance terms of Equation 37 are needed. These
values along with a description of the terms are provided in Table 17.

Table 17 Terms and Estimated Random Uncertainties Supporting Equation 37

Term/Instrument Description 1-Sigma Random Uncertainty
Car (see Equation 11) antifoam carbon concentration (mg/kg) Analytical uncertainty (see Equation 12)
LI3109 with subscript 1 level bubbler value (inwc) +1% of 231.0 inwc span [14]
DCS Deviation Limit 0.1 inwc [14]

Using a uniform distribution, 1-sigma random is
[(2.31/43)*+0.1/73)2]%° = 1.3349

DI3108 with subscript 1 density bubbler value (inwc) +1% of 160.5 inwc span [15]

DCS Deviation Limit +0.05 inwc [15]

Using a uniform distribution, 1-sigma random is
[(1.605/N3)%+(0.05/Y3)*1° = 0.9271

tank calibration uncertainty

& (see WSRC-TR-92-250 [8]*)

1-sigma random = 9 gallons

* The random uncertainty of the tank calibration was estimated in this report for the SRAT and the SME as the total error of the
Holledge gauge, 0.25 inch, times the slope of the calibration curve. For the SME, the largest slope is 70.847gal/inch, leading to
an estimate of the total (2-sigma) random uncertainty of 70.847 x 0.25 = 17.7 gal, or a 1-sigma random uncertainty of 9 gal.
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Equation:

0=(L13109,-DI3108,)/Sep:
Vi=((LI3109,/p+Heelx o) (Va4-¥i 2l (44X 2+ Y12+ 84
Mar new=37854*C ="V, "p/(0.4723*1000000);

Partial Derivatives:

8pleL3109, = 1.0/Sep;

8p/eDI3108, = (-1.0)'Sep:
&plaSep = ({(LI3109, - DI3108,))/sar(Sep);

BV, /2L13109, = (v, - y1z)-(1.0/p + (-LI3109,-8p/aLI3109, YSar(p))/(X; - Xso):

2V, /2DI3108, = (¥, - V3)-(-LI3100,-3p/aDI3108, ¥Sar(p (X, - X1o);

eVy/eSep = (yyq - v42) ((LI3109,-2p/eSep)sar(p)/(x;q - Xi2);

eV leHeel = (Vqq - Ya2)l(Xeq - Xq2);

eVy/exiz = (Vyq - Viz)h ((1.0)(xqq - X42) + ((LI3109,/p + Heel - Xy5) (V44 - Yi2) (-1.0)M5ar(xy 4 - Xy2);

8Vylayy, = (LI3109,/p + Heel - X12)/(x; - X2);

AV, /8ys = (LI3109,1p + Heel - X,) (-1.0)/(Xy, - Xg3) + 1.0

8Vlexyy = (-(LI31094/p + Heel - Xyp) (V11 - Y12))iSar(xyy - X2);

&V,1e8, =10,

Map 1/LI3100, = (3.7854-CoipV,-8p/aLI3109, + p-3.7854-C up-aV, /6113109, )(0.4723-1000000.0),
Myp 10,,/EDIZ108, = (3.7854-C oV, 8p/aDI3108, + p-3.7854-C,p-aV,/2DI3108,)/(0.4723-1000000.0);
Myg 1o/3SeD = (3.7854-C e V,-3pleSep + p-3.7854-C -3V, /8Sep)/(0.4723-1000000.0);
M, o /eHeel = p-37854-C -6V, JaHeel/(0.4723-1000000.0);

Mg neul@Xi = p-3.7854-C o 8V4/a%,,/(0.4723-1000000.0)

My reuldV11 = p-3.7854-C o 8V, /3y,4/(0.4723-1000000.0)

Mo neul@Vs = p-3 7854-C o8V, /3y,,/(0 4723-1000000 0

Mg neud@Xy = p-3.7854-C o 8V4/a%,4/(0.4723-1000000.0)

Mg 10/, = p-3.7854-C,p-8V,128,/(0.4723-1000000.0);

Mt ne/8Car = p-V;-3.7854/(0.4723-1000000.0);

Exhibit 31 Equations for Re-Base-Lining the Mag of the SME with Random Uncertainty

60




SRNL-STI-2014-00323
Revision 0

To complete the updating of the Myur status required for Step 1, the bias for Mar new determined by
Equation 36 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass, Mup, is
estimated, as above, by appealing to a Taylor Series expansion of this equation in the fundamental
measurements. Once again, note that p and V,; are intermediary values and that the Taylor’s Series
expansion may be expressed in the fundamental measurements as given by:

Equation 38

. [OM 2 oM 2
. AFnew . AFnew .
{bias(Myr,, )} = (—aCAF > x {bias(Cyp)}* + <—6L131091> x {bias(L13109,)}?

Mapys, |’ {bias(DI3108,)}? Mir, g\ {bias(Sep)}?
_— X _— X
*\ap13108; tas( DY+ sep ias(Sep)

aIWAFnew 2 . 2 a1wAFnew ’ 2
+<W> x {bias(Heel)}* + 8—51 X{bl}

Note that in evaluating Equation 38, the bias for the Car term, i.e., bias(Car) term is estimated to be zero
and that there are no correlations among the bias terms in this equation. That is, the analytical estimate of
the concentration of carbon from AF is unbiased. Also, the b, term is the estimated bias in the volume, V,,
of Equation 37. GUM Workbench was used to develop the model equation and associated intermediary
values supporting the determination of Mr new for Step 1 (see the upper portion of Exhibit 32) and to
document the complete set of partial derivatives needed to support the estimation of the bias of the
Mar new value (see the lower portion of Exhibit 32). Once again, X;;, Xi2, Y11, and yi, are appropriately
selected values (based upon the value of the LI3109 instrument as indicated by LI3109,) for determining
volume as indicated in Exhibit 29. To complete the information necessary to compute the estimate of the
bias of the Mar new, €stimates of the bias terms of Equation 38 are needed. Table 18 provides the details of
the bias information needed to complete the estimation of the bias for the Mf new value. A sample
calculation for this step including the random and bias uncertainties is provided in Exhibit B12 in
Appendix B.
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E quation:

p=(LI3109,-DI3108,)/Sep;
Vi=((LI3109/p+Heel-x ) (V4-Yi2) (%X 2)) V424D
Myr nen=37854"C,*V,*0/(0.4723*1000000);

Partial D erivatives:

8p/eL13109, = 1.0/Sep:

2plaDI3108, = (-1.0)/Sep:
apleSep = (-(L13109, - DI3108,))/sar(Sep);

&V, /2L13109, = (v, - y1)-(1.00p + (-LI310,-2p/8LI3109, Vsr(p))(Xs, - X1z):

eV, /gDI3108, = (yy4 - ¥42)-(-LI3109,-2p/2DI3108, ¥sar{p V (X, - X42);

éVi/eSep = (¥ - yq2) (-LI3109,-&p/aSep)sar(p )/ (X - X;2);

aVyleHeel = (yqq - Va2l (X4 - X42);

aVifexiz = (Y11 - Vaz) C10M(Xyq - Xy2) + (-(LI31094/p + Heel - Xya) (¥4 - 12} (-1.00)/sar(x,; - Xy2);

aVilayyy = (LI3109:/p + Heel - X;:)(%y4 - X42);

BV, /¥y, = (LI3109,/p + Heel - x,5)-(-1.0)(X;, - X;2) + 1.0:

éVylexyy = (-(LI3109,/p + Heel - X;2) (11 - Yi2)V/sar(Xyy - Xq2);

&V, /zb, = 1.0;

Myr e JELI3109, = (37854-C,V, 3plalI3109, + p-3 7854 C,-V,/2L13109,)/(0 4723-1000000 0);
M,r 0, JEDI3108, = (37854-C .V, 2p/aDI3108, + p-37854-C,.- &V, /aDI3108,)/(0.4723-1000000 0);
Mg e /3SEP = (3.7854-C oV, 8p/aSep + p-3.7854-C,r-2V,/aSep)/(0. 4723-1000000.0)
e o /aHeel = p-3 7854-C -6V, /aHeel(0 4723-1000000.0);

e noulBXia = 37854 Cup 8V, /aX,5/(0.4723-1000000.0);

Mar renldVs = p-3.7854-Copr-aV,lay,,/(0.4723-1000000.0);

Mar nenlVio = p-3.7854-Cor-aV,lay,,/(0.4723-1000000.0);

Mar oKy = p-3.7854-Cor-aV, /X, /(0.4723-1000000.0);

Myr re/éD, = p-3.7854-C,ir-8V,/2b,/(0.4723-1000000.0),

My nenlECar = p-V,-3.7854/(0.4723-1000000.0);

Exhibit 32 Equations for Re-Base-Lining the Mar of the SME with Bias Uncertainty
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Table 18 Terms and Estimated Bias Uncertainties Supporting Equation 38
Term/Instrument Description Bias Uncertainty at 95% Confidence
Car (see Equation 11) antifoam carbon concentration (mg/kg) 0
LI3109 with subscript 1 level bubbler value (inwc) +1% of 231.0 inwc span [14]
Bias = 2.310 inwc
DI3108 with subscript 1 density bubbler value (inwc) +1% of 160.5 inwc span [15]

Bias = 1.605 inwc

tank calibration uncertainty

b (sce WSRC-TR-92-250 [8]*) 6 gallons
separation between bubblers ]
Sep (47 inches) 0.0625 inch [13]
Heel Tank heel below LI3109 0.0625 inch [13]

(6.77 inches)

3.4.4 SME Step 5 Processing Linked to a Step 1 Event

If a Step 1 effort is conducted for a SME Product as part of the acceptability decision for a transfer to the
MFT, then the analytical work and evaluation must be conducted and the acceptability decision made
under the direction of reference [2]. If there is a positive outcome from this process and a transfer to the
MFT is made, then the following equation provides an estimate of the mass of antifoam that remains in
the SME heel, Mar new, after the transfer has been completed (this corresponds to Step 5 of Exhibit 28):

Equation 39

M _ 3.7854 : CAF - p " VZ
AFnew ™ 04723 - 1000000

Where the density (kg/L), p, and the volume V, (gal) are intermediary values which are determined from
LI3109 and DI3108 as described in Exhibit 29 and Exhibit 30 with the volume having an additional
random variability that is to be incorporated to the random uncertainty of Mur new. In this equation, Cyr
represents the carbon concentration (mg/kg) from AF determined from the analytical measurements of the
SME contents. The value of 3.7854 is a conversion factor with units of L/gal. The value of 0.4723 is a
conservative (i.e., bounding on the low side) conversion factor with units of kg of carbon per kg of
antifoam. The 1,000,000 value is a conversion factor with units of mg/kg.

Following the Taylor’s Series expansion approach described above, the estimated variance of Mag pew for
Step 5 of Exhibit 28 may be written in terms of the fundamental measurements with &, representing the
random error for V, as:

* The bias in the calibration for the SME is taken as the largest value from Table 1d. Rounding up this value is 6 gallons.
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Equation 40

oM 2 M g
Variance(MAFnew) ~ (#) x variance(Cyp) + <ﬁ;’£’l> x variance(LI3109,)

2 2
OMyp,,,, . (DI3108,) OMyp,,., ' (L13109,)

X — | X
+ 3DI3108, variance )+ 3LI3109, variance )

aIWAFHew ’ . (6 )
—— X
+ 26, variance(0,

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Mar new for Step 5 (see the upper portion of Exhibit 33) and to document the
complete set of partial derivatives needed to support the estimation of the variance of the Mag new value
(see the lower portion of Exhibit 33 and Exhibit 34 ). For example, the x,, X2, V21, and y, values are
appropriately selected values (based upon the values of the LI13109 instrument as indicated by LI13109, for
determining the volume remaining the Heel of the SME as indicated in Exhibit 28. To complete the
information necessary to compute the estimate of the variance of the Mr o, estimates of the variance
terms of Equation 40 are needed. These values along with a description of the terms of the equation are
provided in Table 19.
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Equation:

p=(LI3109,-DI3108,)/Sep;

Vo={((LI3109,/ p+Heelxas) " (Va1-Vaz) (Xa1-X22) )+ Y22+ 82,
Mae pew=3.78547C,e"V,"p/(0.47231000000);

Partial Derivatives:

ap/aLI3109, = 1.0/Sep;

2p/aDI3108, = (-1.0)/Sep;

2plaSep = ({(LI3109, - DI3108,))/sqr(Sep);

aV,/aLI3109, = (Yaq - Yau) (-LI3109,-3p/aL13109, )isqr(p (Ko, - Xpo):
aV,/DI3108, = (a1 - Vo) (-LI3109,-8p/aDI3 108, Vsqr(p (Xy, - Xoo):
V58P = (Y1 - Vo) (LI3109;-6p/aSep)isar(p)(Xp; - Xao);
AVol8LI3109; = (Yo - You) 1.0/p/ (X1 - Xaa);

aVylcHeel = (a1 - Y2/ (X1 - Xz2);

EVlE%as = (Yaq - Va2 ) (- 1.0)(%54 - Xa5) + (-(LI3109./p + Heel - X55) (a1 - Ya2)- (-1.0))/50r{X51 - Xa2);
EValays, = (LI3109./p + Heel - Xou)(Xoq - Xao);

Valdyas = (LI31095/p + Heel - Xo5) (-1.0)/(Xgq - %ag) + 1.0;

EV5l8%g1 = (-(LI31095/p + Heel - X} (Va1 - Y22)V/SarlXyy - Xaa);

aVylas, = 1.0;

Exhibit 33 Equations for Analytical Mar new for SME Heel with Random Uncertainty (part 1 of 2)
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Additional Partial Derivatives

M s nen/2LI3109, = (3.7854-C eV, 3plaLI3109, + p-3.7854-C .- 8V,/2L13109,)/(0.4723-1000000.0);
M ey, /2DI3108, = (3.7854-C oV, 8p/aDI3108, + p-3.7854-C,-2V,/aDI3108,)/(0.4723-1000000.0);
My nen/3SEp = (3.7854-C o Vy3pleSep + p-3 7854-C r-8V,/2Sep)/(0 4723-1000000 .0);

M e /2LI3109; = p-3.7854-C -8V, /2L13109,/(0.4723-1000000.0);

My pen/eHeel = p-3.7854-C -8V, /eHeel/(0.4723-1000000.0);

EMr neulEXps = p-3.7854-Cur-EV,4/a%5,/(0.4723-1000000.0);

BMar neul@Y21 = p-3.7854-Cyr-2V,/y,,/(0.4723-1000000.0);

e newl@V2z = p-3.7854-Cup-8V,/8y,,/(0.4723-1000000.0);

AMpr newlEXzy = p-3.7854-Cur-EV,4/a%,/(0.4723-1000000.0);

EMpr neul88; = p-3.7854-Cur-3V,4/28,/(0.4723-1000000.0);

M nen/2Car = p-V,3.7854/(0 4723-1000000 0);

Exhibit 34 Equations for Analytical Mag new for SME Heel with Random Uncertainty (part 2 of 2)

Table 19 Terms and Estimated Random Uncertainties Supporting Equation 40

Term/Instrument Description 1-Sigma Random Uncertainty
Car (see Equation 11) antifoam czi(ﬁ;r/lkcg(;ncentratlon analytical uncertainty (see Equation 12)
LI13109 with . 0 .

subscripts 1 and 2 level bubbler values (inwc) +1% of 231.0 inwc span [14]

DCS Deviation Limit +0.1 inwc [14]
Using a uniform distribution, 1-sigma random is
[(2.31A3)H0.143)*1>° = 1.3349

DI3108 with subscript 1 density bubbler value (inwc) +1% of 160.5 inwc span [15]

DCS Deviation Limit +0.05 inwc [15]

Using a uniform distribution, 1-sigma random is
[(1.605/Y3)*+(0.05/V3)*]*° = 0.9271

tank calibration uncertainty
(see footnote for Table 17)

5, 1-sigma random = 9 gallons

To complete the evaluation of the Mar new required for Step 5, the bias for Mar new determined by
Equation 39 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass remaining
in the SME after a transfer out to the MFT, Mar new, 1S estimated, as above, by appealing to a Taylor
Series expansion of Equation 39 in the fundamental measurements. Once again, note that p and V, are
intermediary values. Also, the V, value has a potential bias that is to be included in the evaluation. The
Taylor’s Series expansion may be expressed in the fundamental measurements and the potential bias as
given by:
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Equation 41

2 oM 2 oM 2
. AFpew . AFnew :
{blaS(MAFnew)} ~ <—aCAF > x {bias(Csp)}* + <—6L131091> x {bias(L13109,)}>

Mapye, |’ {bias(DI3108,)}? OMapye, )’ {bias(Sep)}>
_— X _— X
*\ap13108; 1as U sep tasioep

OMyr,,,\ oM i
+ (—AFneW) x {bias(Heel)}? + <M> x {bias(LI13109;)}*

oHeel 9LI13109,
aMAFneW 2 ;7
+ <a—bz> x {bias(b,)}?
2% 1 6MAFneW aMAFnew bi (LI3109) bi (L13109)
x 1 X X X
+ aLI13109,| ~ |aL13109,| © 7t 1o oas ’

Note that in evaluating Equation 41, the bias for the Cxr term, i.e., bias(Cxf) term, is estimated to be zero
and that a potential correlation among a pair of the biases is introduced in a bounding manner. So the
approach may be stated as: The analytical estimate of the concentration of carbon from AF is unbiased,
the b, term is the estimated bias in the V, volume, and there is a potential correlation in the biases for the
two LI3109 measurements. GUM Workbench was used to develop the model equation and associated
intermediary values supporting the determination of the bias of Mar new for Step 5 (see the upper portion
of Exhibit 35) and to document the complete set of partial derivatives needed to support the estimation of
the bias of the Mur new value (see the lower portion of Exhibit 35 and Exhibit 36). Once again, X,;, X2,
Va1, and y,, are appropriately selected values (based upon the value of the LI3109 instrument as indicated
by LI3109,) for determining volume as indicated in Exhibit 29. To complete the information necessary to
compute the estimate of the bias of the Mar new, €stimates of the bias terms of Equation 41 are needed.
Table 20 provides the details of the bias information needed to complete the estimation of the bias for the
Mar new value. A sample calculation for this step including the random and bias uncertainties is provided
in Exhibit B13 in Appendix B.
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E quation:
0=(L13109,-DI3108, )/Sep;

Vo=((LI3109,/p+Heel-xao ) (Va1-Y22 M (X1 Ha2) ) +Y22Da;
Myr new=3.7854*C,*V,*p/(0.4723*1000000);

Partial D erivatives:

&plaL3109, = 1.0/Sep;

2p/2DI3108, = (-1.0)/Sep;
2plaSep = ({(LI3109, - DI3108,))sar(Sep);

V18113109, = (Yo, - V50) (-LI3109,-8p/aLI3109, )sar(p)(Xy; - Xu0):

&V,/2DI3108, = (Va1 - V20)(-LI3109,-8p/aDI3 108, )SQr(p)(Xp: - Xps);

EVol3Sep = (V2 - Vap) (-LI3109,-2p/2Sep)/sqr(p)/ %y - Xo2);

&V/aLI3109; = (a1 - Va2) 1.0/p/(Xa1 - Xa2);

aValaHeel = (Yaq - Yoa )l (Xaq - Xa2);

Vol = (V21 - Yoz ) (-1.0)/(Xzq - Xgp) + (-(LI3109/p + Heel - Xop) (Va1 - ¥22) (-1.0))/sqr(Xo1 - Xz5);
AV3loyz = (LI31095/p + Heel - xpp)/(xa1 - Xp0);

V,lay,, = (LI3109,/p + Heel - xo,)-(-1.0)/(Xy, - X5) + 1.0;

VoldXyy = (-(LI3109,0p + Heel - Xoa) (Vaq - Y22)V/SAN(Xyq - Xaz);

aVyleb, = 1.0;

Exhibit 35 Equations for Analytical Mar new for SME Heel with Bias Uncertainty (part 1 of 2)
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Additional Partial Derivatives

s 1e/ELI310, = (3.7854-C, 'V, 2p/aLI3109, + p-3.7854-C,,--aV,/aL13109,)/(0.4723-1000000.0);
Myr 1,/aDI3108, = (37854-C,-V,3p/aDI3108, + p-3.7854-C,3V,/2DI3108,)(0.4723-1000000.0);
M r 10/ESED = (3.7854-C oV, 8plaSep + p-3.7854-C e 8V,/2Sep)/(0.4723-1000000.0);

Myr nen/8L13109, = p-3.7854-C 5-5V,/2L13109,/(0.4723-1000000.0);

Myr nenlHeel = p-3.7854-C e 8V, laHeell(0.4723-1000000.0);

My ooz = p-3.7854-Cur2V,/,,/(0 4723-1000000.0);

Mg nen/Va1 = p-3.7854-Cur-2V,4/ay,,/(0.4723-1000000.0);

Mg new/Vaz = p-3.7854-Cur-2Vlay /(0. 4723-1000000.0);

Mg new/¥ar = p-3.7854-Cur-2V,4/8%,,/(0.4723-1000000.0);

My e/, = p-3.7854-Csp2V,4/ab,/(0.4723-1000000 0);

Myt nen/EC s = p-Vy3.78541(0.4723-1000000.0);

Exhibit 36 Equations for Analytical Mar new for SME Heel with Bias Uncertainty (part 2 of 2)

Table 20 Terms and Estimated Bias Uncertainties Supporting Equation 41

subscripts 1 and 2

Term/Instrument Description Bias Uncertainty
Car (see Equation 11) antifoam carbon concentration (mg/kg) 0
L13109 with . .
level bubbler values (inwc) +1% of 231.0 inwc span [14]

Bias =2.310 inwc

DI3108 with subscript 1 density bubbler (inwc) +1% of 160.5 inwc span [15]

Bias = 1.605 inwc

Tank Calibration uncertainty

b2 (see footnote for Table 18) 6 gallons
Separation between bubblers ]
Sep (47 inches) 0.0625 inch [13]
Heel Tank heel below LI3109 0.0625 inch [13]

(6.77 inches)

3.4.5 SME Step 4 Processing

The primary purpose of the AF tracking system is to provide an additional method beyond the approach
provided in [2] of demonstrating that the SME material meets the constraints imposed by [1] for
flammability control. Following the process flow diagram (Exhibit 28) and the supporting calculations
(Exhibit 29 and Exhibit 30), if the SME Mr value is known along with the associated uncertainties, then
the concentration of carbon associated with this mass of AF, Car, expressed in mg/kg, is determined by:

Equation 42

~0.4905 - 1000000 - My
AF p -V, -3.7854
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where the density (kg/L), p, and the volume V, (gal) are intermediary values which are determined from
LI3109 and DI3108 as described in Exhibit 29 and Exhibit 30 with the volume having an additional
random variability that is to be incorporated into the random uncertainty of Car. The value of 3.7854 is a
conversion factor with units of L/gal. The value of 0.4905 is a conservative (i.e., bounding on the high
side) conversion factor with units of kg of carbon per kg of antifoam’. The 1,000,000 value is a
conversion factor with units of mg/kg.

Following the Taylor’s Series expansion approach described above, the estimated variance of Car for
Step 4 of Exhibit 28 may be written in terms of the fundamental measurements with &, representing the
random error for V; as:

Equation 43
ac 2 aC 2
Variance(Cyp) = (aMIZI;) x variance(Cyp) + (Wig‘)) X variance(L13109,)
aCAF 2 aCAF 2
“harina ] X [ DI31 X i
+ <6D131081) variance(DI13108;) + ( 75, ) variance(8,)

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Cur for Step 4 (see the upper portion of Exhibit 37) and to document the complete
set of partial derivatives needed to support the estimation of the variance of the C,r value (see the lower
portion of Exhibit 37). For example, the x;;, X1, V11, and y;, values are appropriately selected values
(based upon the values of the LI3109 instrument as indicated by LI3109; for determining the volume of
the SME Product being evaluated for acceptability as indicated in Step 4 of Exhibit 28. To complete the
information necessary to compute the estimate of the variance of the Cxp, estimates of the variance terms
of Equation 43 are needed. These values along with a description of the terms of the equation are
provided in Table 21.

7 See SRNL E-Notebook 07787-00055-09, Antifoam 747 Basic Data and Acceptance Testing, July 29, 2014.
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E quation:

p=(LI3109,-DI3108,)/Sep;
V=((LI3109,/p+Heel-x2)"(Vy1 Y12 (X1 X2l +Y12+84;
C,r=0.490571000000"M,£/(V,*p*3.7854),

Partial D enivatives:

2p/eL13109, = 1.0/Sep;

ap/eDI3108, = (-1.0)/Sep;

épleSep = (-(LI3109, - DI3108,))sar(Sep);

&V, 1aLI3109, = (yyq - ¥42)-(1.0/p + (-L13109,-8p/aLI3109, ¥sar(p)) (X1 - X42);

&V,/aDI3108, = (yq4 - ¥12)-(-LI3109,-8p/2DI3108, isar(p J (X4 - X42);

V. leSep = (¥yq - ¥42)-(-LI3109,-ap/aSep)isar(p (X - X42);

&V feHeel = (yyq - Y420 (X1 - X42);

aVylexyz = (Vi1 - Va2) (-1.00/(Xqq - Xy2) + ({LI3109,/p + Heel - Xy2)-(¥yq - Y42) (-1.0))sar(xy4 - Xq2);

aVifayyy = (L3109:/p + Heel - Xy, )(%y1 - X42);

aV,layo = (LI3109,/p + Heel - x5} (-1.0)/(Xy4 - X42) + 1.0;

aVylexyy = (-(LI3109/p + Heel - Xi5) (V41 - V42)V/Sar(Xy s - Xy2);

eV,las, =1.0;

8C,el13109, = (-0.4905-1000000.0-My-3.7854-(V,-8p/aLI3109, + p-aV,/2LI3109, ))/sar(V,-p-3.7854);
8C,/eDI3108, = (-0.4905-1000000.0-M¢-3.7854-(V,-8p/eDI3108, + p-aV,/aDI3108,))sar(V,-p-3.7854);
8CarléSep = (-0.4905-1000000.0-M¢-3.7854-(V,-8pl/aSep + p-aV, /eSep))sar(V,-p-3.7854);
aCarléHeel = (-0.4905-1000000.0- M, 3.7854- p-aV,/eHeel)sar(V,-p-3.7854),

8Capléx,; = (-0.4905-1000000.0-Mpp-3.7854-p- 3V, /a2 Vsar(V,-p-3.7854),

8Carléyy = (-0.4905-1000000.0-Mxp-3.7854-p- 8V, /ey, Vsar(V,-p-3.7854);

8CarleY,2 = (-0.4905-1000000.0-M - 3.7854-p- &V, /ey )sar(V,-p-3.7854);

8Capléx,, = (-0.4905-1000000.0-Mnp-3.7854-p- 3V, /ax,, Vsar(V,-p-3.7854),

8C.rlé5, = (-0.4905-1000000.0-M .- 3.7854-p-&V, /65, )sar(V,-p-3.7854),

8C selaM . = 0.4905-1000000.0/(V,-p-3.7854);

Exhibit 37 Equations for Car for SME Product with Random Uncertainty
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Table 21 Terms and Estimated Random Uncertainties Supporting Equation 43

Term/Instrument Description 1-Sigma Random Uncertainty
Car (see Equation 11) antifoam ca(rrlI)l(;I/lk(;c;ncentratlon Analytical uncertainty (see Equation 12)

LI3109 with subscript 1 level bubbler value (inwc) +1% of 231.0 inwc span [14]

DCS deviation limit 0.1 inwc [14]
Using a uniform distribution, 1-sigma random is
[(2.31/43)%+(0.143)*]™ = 1.3349

DI3108 with subscript 1 density bubbler value (inwc) +1% of 160.5 inwc span [15]

DCS deviation limit +0.05 inwc [15]

Using a uniform distribution, 1-sigma random is
[(1.605/73)*+(0.05/N3)*1™ = 0.9271

tank calibration uncertainty
(see footnote for Table 17)

S 1-sigma random = 9 gallons

To complete the evaluation of the Car required for Step 4, the bias for Car determined by Equation 42
must be estimated. A bound (at 95% confidence) on the bias of the concentration of carbon from AF in
the SME Product, Cap, is estimated, as above, by appealing to a Taylor Series expansion of Equation 42
in the fundamental measurements. Once again, note that p and V, are intermediary values. Also, the V,
value has a potential bias that is to be included in the evaluation. The Taylor’s Series expansion may be
expressed in the fundamental measurements and the potential bias as given by:

Equation 44
{bias(C4e))” (aCAF)ZX{b' M )}2+< e )Zx{b' (LI3109,)}?
tas\lyr =~ aMAF tas\Mgyr aLI31091 as 1
0Cyr 2 . ) (OCAF)Z ) )
(3pit0s) * (bias(D13108)1 + (552) x tbias(sep))

2

+ ( Oar )2 x {bias(Heel)}* + + (aci) x {bias(b)}?
JdHeel 0b, '

Note that in evaluating Equation 44, the bias for the Mar term, i.e., bias(MaF), is provided by the status
information of the SME at the time of the decision for acceptability of the transfer of the SME Product to
the MFT. GUM Workbench was used to develop the model equation and associated intermediary values
supporting the determination of the bias of C,r for Step 4 (see the upper portion of Exhibit 38) and to
document the complete set of partial derivatives needed to support the estimation of the bias of the Cxr
value (see the lower portion of Exhibit 38). Once again, X1, X12, Y11, and y;, are appropriately selected
values (based upon the value of the LI3109 instrument as indicated by LI3109,) for determining volume
as indicated in Exhibit 29. To complete the information necessary to compute the estimate of the bias of
the Car, estimates of the bias terms of Equation 44 are needed. Table 22 provides the details of the bias
information needed to complete the estimation of the bias for the Csr value. A sample calculation for this
step including the random and bias uncertainties is provided as part of the results in Exhibit B14 in
Appendix B.
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Equation:

p=(LI3109,-DI3108,)/Sep;
Vi=((LI3109/p+Heel-x, ) (¥14-Y1 2 (%44 -%42))+V42+by;
C,=0.4905"1000000*Ms¢/(V,*p*3.7854);

Partial Derivatives:

5plaLI3109, = 1.0/Sep;

8p/eDI3108, = (-1.0)/Sep;
8plaSep = («(L13109, - DI3108,))'sqr(Sep);

AV,12L13100, = (v, - Vy,)-(1.00p + (-LI3109,-3p/2L13109,Vsqr(p))/(X; - Xsp):

&V, 1gDI3108, = (y41 - ¥42)-(-L13109,-8p/2DI3108, Ysar(p )/ (x4 - X42);

eV /eSep = (yqq - Viz) (L3109, -gpleSep)fsar(p)/(xy, - Xq2);

&éVileHeel = (v - Vi)l (X41 - X2);

eV ilE%12 = (Y11 - Vi) CLOV(Kyq - Xg2) + (H(LI31094/p + Heel - Xq5) (44 - Vi2) (1.0))/sar(Xyq - X42);

aVylayy, = (LI3109,/p + Heel - X45)/(%q1 - X42);

BV,13y15 = (LI3109,/p + Heel - X;p)-(-1.0)(X; - X13) + 1.0;

aVilexyq = ({(LI3109,/p + Heel - X;5)- (V44 - Vi2)Vsar(xy - ¥2);

&V, b, = 1.0;

8C£/2L13109, = (-0.4905-1000000.0-M,-3.7854-(V,-3p/aL13109, + p-aV,/2LI3109,))sqr(V,-p-3.7854);
5C£/2DI3108, = (-0.4905-1000000.0-M,-3.7854-(V,-3p/aDI3108, + p-3V,/aDI3108,))sar(V, p-3.7854):
2C.,/2Sep = (0.4905-1000000.0-M,-3.7854-(V,-ap/aSep + p-aV,/aSep))sqr(V,-p-3.7854)

2Crl2Heel = (-0.4905-1000000.0-M,3.7854-p-aV /aHeel)sqr(V,-p-3.7854);

2Carléx,, = (-0.4905-1000000.0- M3 7854-p-8V,/ax, Nsqr(V,-p-3.7854)

2Celay,; = (-0.4905-1000000.0-My,-3.7854 p 2V [y, Vsqr(V, p-3.7854):

8CAclaY.» = (-0.4905-1000000.0- M3 7854 p 2V /ay,,)sar(V, p-3 7854):

8CarlaX; = (-0.4905-1000000.0-Myp-3.7854-p-8V, /&%, )SAr(V-p-3.7854);

8CF/ab, = (-0.4905-1000000.0-My-3.7854-p-2V, /ab, sqr(V,-p-3.7854);

8C p/aM ¢ = 0.4905-1000000.0/(V, p-3.7854);

Exhibit 38 Equations for Car for SME Product with Bias Uncertainty
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Table 22 Terms and Estimated Bias Uncertainties Supporting Equation 44
Term/Instrument Description Bias Uncertainty at 95% Confidence
Car (see Equation 11) antifoam carbon concentration (mg/kg) 0
LI3109 with subscript 1 level bubbler value (inwc) +1% of 231.0 inwc span [14]
Bias =2.310 inwc
DI3108 with subscript 1 density bubbler value (inwc) +1% of 160.5 inwc span [15]

Bias = 1.605 inwc

tank calibration uncertainty

b (see footnote for Table 18) 6 gallons
Separation between bubblers .
Sep (47 inches) 0.0625 inch [13]
Tank heel below LI3109 .
Heel (677 inches) 0.0625 inch [14]

The calculations just completed allow for the determination of the Cag, the concentration of carbon in
mg/kg, attributable to the AF in the SME Product and its uncertainty (both random and bias). The use of
the AF tracking system in the AMFT, SRAT, and SME that have led to the completion of these
calculations will be applicable beyond just SBS.

To complete the decision as to the acceptability of the Car concentration relative to the flammability
controls for SB8 involves analytical measurements of samples of the SME Product. Nitrate and TOC
measurements must meet the constraints imposed by reference [1]. For nitrate, see the discussion
provided in Section 2.1 above.

With the nitrate concentration successfully meeting its constraint, attention turns to TOC. The allowed
amount of TOC for a SME batch is determined from the nitrate as described in [1] and summarized in
Section 2.2 above. There are three levels of TOC that have been established with each one having its own
acceptable level of carbon from AF [1]. The acceptability of each of these levels of TOC must be
determined to assess the lowest level that meets the requirements of [1] as implemented in [2]. Section 2.2
above provides a description of these requirements.

There is an acceptable level of carbon from AF for each level of TOC; see [1], [2] and Section 2.3 above.
So, an acceptability decision is the determination that the amount of carbon from AF is less than the
amount allowed by [2], after accounting for all of the uncertainties involved. Let Ac; represent the
allowed carbon for the i" level of TOC and let T represent the carbon concentration in the SME Product
from the tracking system, then before accounting for uncertainties, acceptability may be defined as:

Equation 45
MCi=ACL'_TC>0
where i=1, 2, or 3, representing the three levels of TOC developed in [1].

Re-expressing this in terms of the information in Table 2 and the average of the nitrate measurements of
the SME Product, NOs, yields (fori=1, 2, or 3):
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Equation 46

MCi= ’hl+]lN03_TC>O

From the discussion leading up to Equation 10 and the approach used there to address the random
uncertainties associated with the terms under the radical and letting sc represent the 1-sigma random
uncertainties, associated with the T¢ value from the tracking system, the variance of the random errors of
Mc; is estimated by:

Equation 47
. J—— 2
var(Mc,) = 0.25 - (j; - (h; + j; - NO3)™*%)? - (seyg;)
+0.000186323 - (j; - (h; + j; - NO3)~%5)2 - (NO3)? + (s¢)?

The expanded random uncertainty of the estimated difference, Mc;, at 95% confidence is determined by
multiplying the square root of the estimated variance of Mc; by an appropriate Student’s t statistic. In this
case a one-sided confidence statement is needed; so, an upper 5%-tail of the Student’s t distribution will
be used. As discussed in Section 2, since the average nitrate value is based upon at least 4 measurements,
a conservative 3 degrees of freedom for the estimated variance of Mc; will be used. This leads to a t value
of 2.353. Thus, at 95% confidence the expanded random uncertainty of the difference, Mc;, is 2.353 times
the square root of the estimated variance of Mc. To complete the assessment of the impact of
uncertainties on the Mc; difference, the bias of the T¢ value from the tracking system must be accounted
for. Let bc represent that bias. Then, for the antifoam content of the SME to be acceptable (at 95%
confidence), the following constraint must be met:

Equation 48
Mg — be —2.353 « (Var(Mc;))"* > 0

for i = 1, 2, or 3 associated with one of the three values:728, 894, or 1,017 gal that is selected to be
appropriate for the given SME batch. A sample of these calculations along with the acceptability decision
for the SME Product is provided as part of the results in Exhibit B14 in Appendix B.
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3.4.6 SME Step 5 Processing

Once the SME Product is transferred to the MFT, then the following equation provides an estimate of the
mass of antifoam that remains in the SME heel, Mar new, after the transfer has been completed (this
corresponds to Step 5 of Exhibit 28):

Equation 49

Myp -V,
AFnew Vl

where the volumes V; and V, in gallons are intermediary values which are determined from LI3109 and
DI3108 as described in Exhibit 29 and Exhibit 30 and with the volumes each having an additional random
variability that is to be incorporated to the random uncertainty of Mar new.

Following the Taylor’s Series expansion approach described above, the estimated variance of Mg new for
Step 5 of Exhibit 28 may be written in terms of the fundamental measurements with o; and 0,
representing the random errors for V, and V, ,.respectively, as:

Equation 50

0Myp,,,,

OMyr,,,

2
m) X variance(L13109,)

2
Variance(MAFnew) = < > X variance(Myr) + (

OMypr,,.,

OMyr,,.,
< aLI3109,

2
dDI13108, ) x variance(L13109;)

2
> X variance(DI3108;) + <

OMyp,,,,

<a M
a5,

2
35, > X variance(6,)

2
) X variance(6;) + (

GUM Workbench was used to develop the model equation and associated intermediary values supporting
the determination of Mar new for Step 5 (see the upper portion of Exhibit 39) and to document the
complete set of partial derivatives needed to support the estimation of the variance of the M new value
(see the lower portion of Exhibit 39 and Exhibit 40). For example, the X, X2, V11, and yj, values and x5,
X2, Va1, and y», values are appropriately selected values for determining the volumes V; and V,,
respectively, using instrument LI3109 as indicated in Exhibit 28. To complete the information necessary
to compute the estimate of the variance of the Mr new, estimates of the variance terms of Equation 50 are
needed. These values along with a description of the terms of the equation are provided in Table 23.
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Equation:

p=(LI3109,-DI3108,)/Sep;
V,=((LI3109,p+Heel Xy (Vs Y1) (611X 2) W1+ 81;
V5= ((LI13109,/p +HeekX,) (Vo Vool (X1 Koo HYz2+82;
MAF_new:MAF*{VszV'] ),

Partial Denvatives:

2plaL13109, = 1.0/Sep;

2p/eDI3108, = (-1.0)/Sep;

8p/aSep = ((LI3109, - DI3108,))sqr(Sep);

AV, /aLI3109; = (yqq - V42) (1.0/p + (-L13109,-2p/aLI13109, ¥sqr{p)) (X, - X42);

&V /éDI3108, = (yqq - ¥12) (-LI3109,-3p/aDI3108, Vsar(p M (xqq - X42);

&Vy/aSep = (yy - ¥12) (-LI3109;-8p/aSep)sar(p)(x; - X;2);

&V, leHeel = (¥ - Yozl (Xqq - Xq2);

NV 3%15 = (V41 - Yaz) (-1.0) (%44 - X42) + (H{LI3109,/p + Heel - x45)- (V41 - V42)-(-1.0)0sar(xy4 - X42);
eVy/ayy1 = (L13109,/p + Heel - x45)/(%y4 - X42);

&V4/8yy5 = (LI3109,/p + Heel - X;5)- (-1.0)/(xy4 - X40) + 1.0;

eV laxyy = ({(LI3109,/p + Heel - x45)- (V41 - Y42))sar(xq - Xq2);

&Viles, =1.0;

aValal13109; = (Voq - Vaz) (-LI3109,-8p/eLI3 109, Msar(p¥(xsy - Xaz):

&VolaDI3108, = (Vay - Vou) (-LI3109,-8p/aDI3 108, Vsar(p M (Xoq - Xoa);

EV,leSep = (Yo - Vao) (-LI3109;-2p/aSep)isar(p)/(Xay - Xzo);

VolaHeel = (Yaq - Yoo )l (Ko - Xa0);

&Vo/elI3109; = (V21 - Vzz) 1.0/p/ g - X55);

Vol @z = (Y21 - Yoo) (-1.0)/(Xz1 - Xp0) + (-(LI31094/p + Heel - Xas)- (V21 - Va2) (-1.0))SQr(Xy1 - Xaa);
EV5l3ys1 = (LI31094/p + Heel - xa5)/(Xsq - Xa);

AVlaY,, = (LI3109,/p + Heel - Xo5) (-1.0)/(pq - Xo0) + 1.0;

éValéxay = (H{LI3108,/p + Heel - Xp0) (Va1 - Ya2))/sariXay - Xoo),

aV,la8,=1.0;

Exhibit 39 Equations for Mag new for SME Heel with Random Uncertainty (part 1 of 2)
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Additional Partial Derivatives

M new/oMar = VoIV,

Map_new/EX12 = Map (Vo dVylexqo)sar(Vy);
EMar newl@¥11 = Map (Vo &Vilayy,)sar(Vy);
EMar new/@V12 = Map (V2 8V4layq)isar(Vy);
EMap_new/EX1q = Map (Vo @Vylexq isar(Vy);
My 100881 = Mg (Vi 8V, /35, Vsar(V,);
Myg 1008113109, = M- V,JaLIZ109,V
EMar newlE¥az = Map8Volans,Vy;

EMar new!8Y21 = Map eValay/Vy;
Map_new/@Yzz = Map-aVolay,,/Vy;
SMap_newl/EXaq = Map-aValaxs /Ny

EMpF e /882 = MapEV5lE8,/Vy;

Mar ey /oLI3T109, = Myp-(8Vo/aL13109,/V + (V4-8V,/al13108, Msar(V,));
EMaF e, /EDI3108, = Mg (8V5/EDI3108,V, + (V5 8V,/eDI3108, )isqr(V,));
EMar nen/8SED = Myp-(8ValaSeplVy + (W, 8V, /aSep)isar(Vy));

Mar nen/cHeel = Myp-(8VoleHeellV, + (-V,-8V,/gHeel)/sar(V,));

Exhibit 40 Equations for Mag new for SME Heel with Random Uncertainty (part 2 of 2)

Table 23 Terms and Estimated Random Uncertainties Supporting Equation 50

Term/Instrument Description 1-Sigma Random Uncertainty
Mar antifoam mass (kg) in SME Random uncertainty available in status information
LI3109 with

subscripts 1 and 2

level bubbler values (inwc)

+1% of 231.0 inwc span [14]

DCS deviation limit

+0.1 inwc [14]

Using a uniform distribution, 1-sigma random is
[(2.313)%+H0.143)11°° = 1.3349

DI3108 with subscript 1

density bubbler value (inwc)

+1% of 160.5 inwc span [15]

DCS deviation limit

+0.05 inwc [15]

Using a uniform distribution, 1-sigma random is
[(1.605/43)*+(0.05/N3)%]> = 0.9271

3

tank calibration uncertainty
(see footnote for Table 17)

1-sigma random = 9 gallons

3,

Tank Calibration uncertainty
(see footnote for Table 17)

1-sigma random = 9 gallons
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To complete the evaluation of the Mjr new required for Step 5, the bias for Mar new determined by
Equation 49 must be estimated. A bound (at 95% confidence) on the bias of the antifoam mass remaining
in the SME after a transfer out to the MFT, Mr new, 1S estimated, as above, by appealing to a Taylor
Series expansion of Equation 49 in the fundamental measurements. Once again, note that V, and V, are
intermediary values. Also, the each of these volumes has a potential bias that is to be included in the
evaluation. The Taylor’s Series expansion may be expressed in the fundamental measurements and the
potential bias as given by:

Equation 51

. [OM 2 oM, 2
, - AFpew , 2 AFpew . 2
{bias(Muf, . )} ~<—6MAF > x {bias(M,r)} +<—au3 1091> x {bias(LI3109,)}

FIYCET T bias(DI3108))}? + | —— bias(Sep)12
+<6D131081> x {bias( 1} +< 3Ser x {bias(Sep)}

<aﬂhﬂww

2 2
OM,
x {bias(Heel)}* + | ——=| x {bias(LI3109,)}>
OHeel

aLI13109,

OMaro,\* o o (Mar,\' o
+<a—b1> X{blaS(bl)} + 6—b2 X{blaS(bz)}

OMyr,,.,

2X1x
+ dLI13109,

X bias(LI13109;) X bias(LI3109,)

OMyp,,.,
aLI3109,

aMAFnew

2X1x
+ db,

X bias(b,) X bias(b,)

Note that in evaluating Equation 51, the bias for the Mur term, i.e., bias(Mar) term, is provided by the
status information for the SME prior to the transfer to the MFT and that two potential correlations among
the biases are introduced into the equation, both represented in a bounding manner. So the approach may
be stated as: the b, and b, terms are the estimated bias in the V| and V, volumes, respectively, and there is
a potential correlation in these biases. Also, there is a potential correlation in the biases for the two
LI3109 measurements. GUM Workbench was used to develop the model equation and associated
intermediary values supporting the determination of the bias of Mur new for Step 5 (see the upper portion
of Exhibit 41) and to document the complete set of partial derivatives needed to support the estimation of
the bias of the Mar new value (see the lower portion of Exhibit 41 and Exhibit 42). Once again, X, X2,
ya1, and yy, are appropriately selected values (based upon the value of the LI3109 instrument as indicated
by LI3109, and LI3109,) for determining volumes as indicated in Exhibit 29. To complete the
information necessary to compute the estimate of the bias of the Mar new, €stimates of the bias terms of
Equation 51 are needed. Table 24 provides the details of the bias information needed to complete the
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estimation of the bias for the Mar new value. A sample calculation for this step including the random and
bias uncertainties is provided in Exhibit B15 in Appendix B.

E quation:

0=(LI3109,-DI3108,)/Sep;
Vi=((LI3109,/p+Heelx, o (Y 4Vl (X X121V 427Dy
Vo=(({LI3109,/p+Heelxoo (V21 -Va2 ) (Xa1-Xa2) ) +Y2otDa;
Map_new=Mag"(V2lV,);

Partial D erivatives:

&plaLI3109, = 1.0/Sep;

&pleDI3108, = (-1.0)/Sep;

apleSep = ({(LI3109, - DI3108,))sar(Sep);

&V, 1aLI3109, = (y,q - v42)-(1.0/p + (-L13109,-8p/aLI3109, Msqar(p) (X, - X,2);

&V 4/aDI3108, = (Y44 - V42)-(-L13109,-8p/2DI3108, sar(p (X - X42);

Vilasep = (¥4 - ¥42) (-LI3109,-ap/eSep)isar(p (X1 - X42);

eVyfeHeel = (yyq - Yi)l(Xyy - %42);

AVl = (Vqq - Va2 (F1.00 0 - %q2) + ((LI3109,/p + Heel - X42)-(¥4q - ¥i2)- (-1.0005ar(Xy4 - X42);
Vylayy, = (LU3109,/p + Heel - x;5)(x 4 - %42);

&V, 18yo = (LI3109,/p + Heel - X;5)- (-1.0)/(%y4 - X42) + 1.0;

Vylexyy = (+(L13109,/p + Heel - Xy5)- (V44 - Y42))sar(xyy - Xy2);

&V, lab, =1.0;

&Vo/al13109; = (Vo - ¥22) (-L13109,-8p/2LI3109, Vsar(p )Xz - Xao);

V,(EDI3108, = (¥oq - Ya2)-(-LI3109,-8p/2DI3 108, Ysqr(p M {Xay - Xg0);

VlaSep = (Va1 - Y2) (-LI3109;-8pleSep)isar(p)/(xaq - Xao),

VileHeel = (Yoq - Yool (Xag - Xao);

EVo/8LI31095 = (¥ - Yaa) 1.0/p/(Xy - Xz);

eVl BXaz = (Yaq - Vao) (-1.0)/(g - Xz2) + (H{LI3108,/p + Heel - Xao) (a1 - Y22) (-1.00)/SAr(Xp1 - Xa2),
Vslgys, = (LI31095/p + Heel - Xo5)(Xaq - Xa9);

EVoldyas = (LI3109,/p + Heel - Xoq)- (-1.0)(Xgq - Xg0) + 1.0;

EVolEXay = (-(LI3109,/p + Heel - Xp5)-(Vaq - Y22)5ar(Xy - Xz0);

&Valab, = 1.0;

Exhibit 41 Equations for Mag new for SME Heel with Bias Uncertainty (part 1 of 2)
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Additional Partial Derivatives

Mar 10 /ALI3100, = My (8V5/aLIZ100,V, + (V,-8V,/2L13109, isar(V, )
My 10y /EDI3108, = My (2Vo/aDI3108,V, + (Vy 8V, /aDI3108,)/sar(V, )
Map newl/cSep = My (8V5laSeplV, + (Vy-aV,/aSep)sar(V));

Mar pewl/cHeel = Myp-(8Vo/eHeelV, + (V5-2V /eHeel)isgr(Vy));

M newlEXiz = Mg (Vo 8V /axz)isar(V,);

EMap_newl8Y11 = Map (Vo @Vofayy isar(V,);

EMAp newl8Y1z = Map (-Vy@Vyfayplisar(Vy);

Mg newl@Xyy = Map (Vo @Vofax, isar(V,);

M _new /8Dy = Myp (-V5-8V4/ab,)isar(Vy);

Map 1013100, = M- 8V5/aLI3100,V,;

EMap nowlEoz = Mup2Volaxg,I\y;

Mg new/Y21 = Mag-dValoyx/Vy;

Map newl/E¥22 = Mar-aValayss/Vy;

Mg _new/Xo1 = Mg dVoloxa/Vy;

Map newl/ebs = Map-eVolaby/Vy;

EMur_pew/EMyr = VoIV

Exhibit 42 Equations for Mag new for SME Heel with Bias Uncertainty (part 2 of 2)

Table 24 Terms and Estimated Bias Uncertainties Supporting Equation 51

Term/Instrument Description Bias Uncertainty
Mar Antifoam mass (kg) in SME Bias available in status information
L13109 with

subscripts 1 and 2 level bubbler values (inwc)

+1% of 231.0 inwc span [14]

Bias =2.310 inwc

DI3108 with subscript 1 density bubbler value (inwc)

+1% of 160.5 inwc span [15]

Bias = 1.605 inwc

tank calibration uncertainty

b (see footnote for Table 18) 6 gallons

b (526 footnote for Table 15, 6 gallons
Sep Separati(?; ;)?:1‘:1?:;1) bubblers 0.0625 imeh [13]
Heel Tank ?g%bfig}i :313 109 0.0625 inch [13]
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4.0 Summary

SRNL has been working with SRR’s DWPF in the development and implementation of an additional
strategy for confidently satisfying the flammability controls for DWPF’s melter operation. An initial
strategy for implementing the operational constraints associated with flammability control in DWPF was
based upon an analytically determined carbon concentration from antifoam. Due to the conservative error
structure associated with the analytical approach, its implementation has significantly reduced the
operating window for processing and has led to recurrent SME and MFT remediation.

To address the adverse operating impact of the current implementation strategy, SRR issued a TTR to
SRNL requesting the development and documentation of an alternate strategy for evaluating the carbon
contribution from antifoam. The proposed strategy presented in this report was developed under the
guidance of a TTQAP and involves calculating the carbon concentration from antifoam based upon the
actual mass of antifoam added to the process assuming 100% retention.

The mass of antifoam in the AMFT, in the SRAT, and in the SME is tracked by mass balance as part of
this strategy. As these quantities are monitored, the random and bias uncertainties affecting their values
are also maintained and accounted for. Thus, this report documents:

1) The development of an alternate implementation strategy and associated equations describing the
carbon concentration from antifoam in each SME batch derived from the actual amount of antifoam
introduced into the AMFT, SRAT, and SME during the processing of the batch.

2) The equations and error structure for incorporating the proposed strategy into melter off-gas
flammability assessments.

Sample calculations of the system are also included in this report. Please note that the system developed
and documented in this report is intended as an alternative to the current, analytically-driven system being
utilized by DWPF; the proposed system is not intended to eliminate the current system

Also note that the system developed in this report to track antifoam mass in the AMFT, SRAT, and SME
will be applicable beyond just SBS. While the model used to determine acceptability of the SME product
with respect to melter off-gas flammability controls must be reassessed for each change in sludge batch,
the antifoam mass tracking methodology is independent of sludge batch composition and as such will be
transferable to future sludge batches.
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Appendix A. Determining a Bounding Mass for Antifoam Additions to the AMFT

The maximum of mass of antifoam could be added when adding a five gallon pail of antifoam is 18.896
kg (might call this 18.9 kg). This bounding mass was developed by filling up an empty, dry pail of
antifoam with water and weighing the water added to the pail (18.6597 kg). This was adjusted by
multiplying the water weight by the quantity equal to the average density of the last 13 valid antifoam
density results + 3 times the standard deviation of these 13 values (see Table Al):

18.6597 x (11.00073 + 3 x 0.00360) = 18.6597 x 1.01153 18.875
This number was adjusted further by dividing by the density of water at 20 Celsius, 0.99835 g/mL).
18.875 + 0.99823 = 18.908 = 18.91

Note that this value, 18.91 kg, was conservatively estimated so there is no need for any additional
uncertainty (i.e., the random uncertainty is set to zero and the bias is set to zero).

Table Al. Density Measurements of Antifoam Batches*

Density of Antifoam and 1:20 antifoam mixture in g/mL at 20 2C

Lot Density  [St Dev Units 1:20 density  [St Dev Units
0811959-11229 0.997 g/mL 0.99817 g/mL
081723-1112 0.997 g/mL 0.99817 g/mL
090422-324 1.001 g/mL 0.99837 g/mL
100106-123 1.00230 g/mL 0.99843 g/mL
100120-125 1.00260 g/mL 0.99845 g/mL
100653-0420 0.999 g/mL 0.99827 g/mL
100897-0525 0.999 g/mL 0.99827 g/mL
101115-0707 1.000 g/mL 0.99832 g/mL
1014580-0914 1.000 g/mL 0.99832 g/mL
101820-1110 1.00268 g/mL 0.99845 g/mL
101876-1111 1.00058 g/mL 0.99835 g/mL
1106584-0413 1.01075 g/mL 0.99886 g/mL
111128-0613 0.99756 g/mL 0.99820 g/mL
Average 1.00073| 0.00360|g/mL 0.99835| 0.00018|g/mL
[Density of Pure Water at 202C | | | 099823[g/mL |

* SRNL E-Notebook 07787-00055-09, Antifoam 747 Basic Data and Acceptance Testing, July 29, 2014.
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Appendix B. Sample Calculations

Exhibit B1. Example Calculation for AMFT Step 2
MAF new = Mar + MAF Add

AMFT Status Before Event

AMFT
1-sigma
Mar  Uncertainty
5 02
kg kg
0.5
bias
A
d
d 1-sigma 2
i Mas_adq Uncertainty  bias Mar new
t_ 18.91 0.0 0 2391
i kg kg kg kg
0
n

85

1-sigma
Uncertainty
0.2
kg

bias
05
kg
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Exhibit B2. Example Calculation for AMFT Step 3

_ MAF ' (Vl - VZ)
AFout Vl
AMFT Status Before Event
AMFT
1-sigma
Mar  Uncertainty
5 02
kg kg
045
bias
Before Transfer Out After Transfer Out
1-sigma 1-sigma
L2614, Uncertainty  LI2614; Uncertainty
30 0.2372 25 0.2372
inwc inwc inwc inwc
bias 041 bias 041
inwc inwc
1-sigma

Density Uncertainty  bias
1 0.0036 0.0108
g/mL (used as a specific gravity)

Inches in Tank (befare) 30.00
Inches in Tank (after) 25.00
Gallons Gallons
Before After
Vi Vz transfer volume
89.57 74.83 14.73
By & gal
1-sigma 0.637 0.637
gal gal
by bz
bias 0.232 0.232
gal gal
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Exhibit B2. Example Calculation for AMFT Step 3

(continued)
3 1-sigma
Mar_out Uncertainty
0.822 0.0762
kg kg

bias
0.151

kg

Mae e
Mar
0.1645
16.617%

_é.LDLIM =
Mar
0.164

Mae e
LI2614,
0.1374

18.273%

—ALM ="
LI2614;
0.137

Mee nn
L12614,
-0.1645

26.176%

Mae o
LI26142
-0.164

Partial Derivatives

Mee nue Mae nu
0.0466 0.0558
15.184% 21.751%

Partial Derivatives

Mae o MaE ot
density by
-0.011 0.047

87

Mag ot
density
-0.0107

0.000%

—ALM =
bz
-0.056

Vi

L2614,

2.947

2

L2674,

2.947

Vo
LI2614;
2.947

Ve
density
-86.398

=

1.000

Vs
LI2614;
2.947

g 5

=
=
=

Vs
density
-73.665

SRNL-STI-2014-00323

density
-86.398
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g ;
L=
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Vs
density

-13.665

Va
bz
1.000



Exhibit B3. Example Calculation for AMFT Step 4

_ Myr -V,
AF, -
new Vl
AMFT Status Before Event
AMFT
1-sigma
Mar  Uncertainty
5 02
kg kg
0.5
bias
Before Transfer Out After Transfer Out
1-sigma 1-sigma
LI126144 Uncertainty  LI2614; Uncertainty
30 0.2372 25 0.2372
inwc inwc inwc inwc
bias 0.41 bias 0.41
inwc inwc
1-sigma
Density Uncertainty  bias
1 0.0036 0.0108
g/mL (used as a specific gravity)
Inches in Tank (before) 30.00
Inches in Tank (after) 25.00
Gallons Gallons
Before After
Vs Va2 transfer volume
89.57 74.83 14.73
& & gal
1-sigma 0.637 0.637
gal gal
by bz
bias 0.232 0.232
gal

gal
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Exhibit B3. Example Calculation for AMFT Step 4

(continued)

4 1-sigma
MaF_new Uncertainty
41775 0.1807

kg kg

bias
0.4364
kg

=T

Partial Derivatives

MaE cew MaE cew MaE cen MaE cew MaE cow MaF oo
Mar LI26144 LI2614; L &2 density

0.8355 -0.1374 0.1645 -0.0466 0.0558 0.0107311

85.5% 3.3% 4.7% 2.7% 3.9% 0.000%

Partial Derivatives

MAF_r—'m' MAF_ra'-\- MAF_r:m MAF_ra'-\- MAF_r:.\- MAF_r:m-
Mar LI2614, LI2614; by bz density

0.8355 0.1374 0.1645 -0.0466 0.0558 0.010730869

&9

Vi
LI2614,
2.9466

Vi

L2674,
2.9466

Va Vi
LI2614; &
2.9466 1.0000

Vs Yy
LI2614; bs
2.9466 1.0000

©IF

(=}
=351
=
=

SRNL-STI-2014-00323

Vi
density
-86.3980

Vi
density
-88.3980

Revision 0

Vo
density

-73.6650

Vo
density

-73.6650



Exhibit B4. Example Calculation for SRAT Step 2

MAF new™= Mar T Mar add

SRAT Status Before Event
SRAT
1-sigma
Sep Heel Mas  Uncertainty
47 67T 35210 1.500
0.0625 00625 kg kg
inches inches bias
bias bias 5.25
kg
A
d
d 1-sigma
i Mar_aqq Uncertainty  bias
t 1.800 0.200 05
I kg kg kg
0
n

MAF_new
37.010
kg

90

1-sigma
Uncertainty
1.5133
kg

bias
5.7500
kg

SRNL-STI-2014-00323
Revision 0



Exhibit B5. Example Calculation for SRAT Step 1

SRAT Status Unknown Before this Event

Avg

Std Dev

Std error
batch % rsd (3
C factor

low bias factor

mg/kg
TOC
12852
11670
12818
13129
12617 .25

646.68
323.34
2.72%
1
1

ma/'kg
Oxalate
2667
2361
2183
2690
2475 25

245.86
122.93
5.05%

0.27292
0.9495

mag/kg
Formate
41883
41482
42063
42065
41873.25

274.44
137.22
2.47%
0.2663806
0.9697

Volume Determination Before Transfer

LI30254
108.08

bias

Before Info

1-sigma

Uncertainty

1.3384
2.316

1

17.416
78.513
138.28
158.89
17591

138.28

DI30264
5555

17.416
78.513
138.28
158.89

78.513

1-sigma
Uncertainty
0.9300
1.61

y1
1000
5175
9400
10850
12000

3400

y2

1000
5175
9400
10850

5175

=TI =T}

MAFnew =

3.7854‘ " CAF " V1 " p

0.4723 -1000000

Car Car
Froc Oxalate
1 0.27292
38.99% 0.37%
Cer

Volume, V,, Before

Density, p

91

Cur
Soxcalate
0.27292
0.39%

1142

6939.4

11177

Car
Formate

0.266806
0.44%

1-sigma
Uncertainty
54964
1-sigma, &
9.00

kg/L

SRNL-STI-2014-00323

bias, by

Car
5"0rrrata
0.266806
25 21%
bias
0 mg/kg
12 gal

Revision 0

100.000%



Exhibit B5. Example Calculation for SRAT Step 1

(continued)

1 1-sigma
Mar new  Uncertainty
71.01 34.18
kg kg

bias
1.55
kg

L%

12

Car
0.062
99.93%

Cae
0.0622

MﬂE..m
LI3025,
0.667
0.07%

Mz oo
L3025,
06673

MAEwm

DI3026,
-0.020

0.0000%

MAme
DI3026,
-0.0201

Mac -
By
0.010233
0.0007%

MALan
Sep
-0.0225

vy
L13025,
56885

Heel
07233

vy
DI3026,
130.135

8y
0.0102

92

[
LI3025,
0.021

Vi
LI3025,
-66.8856

e
DI3026,
0.021

A
DI3028,
130.1349

[=

1.000

=
LI3025,
0.0213

SRNL-STI-2014-00323

Revision 0
100.00%
e Vy vy 2 vy
DI3026, Sep Heel Sep 5y
-0.0213 1454465 70,6912 -0.0238 1.0000



Exhibit B6. Example Calculation for SRAT Step 3 Linked to Step 1

37854 " CAF " p " (V1 - Vz)

MaFoue = 02723 - 1000000

SRAT Status Unknown --- Sampling the SRAT Product Prior to Transfer to the SME

mg'kg
TOC
12852
11670
12618
13129
Avg 12617.25
Std Dev 646 68
Std error 32334
batch % rsd (5] 2.72%
C factor 1
low bias factor 1

mg'kg
Oxalate
2667
2361
2183
2690
2475.25
24586
122.93
5.05%

0.27292
0.9495

mg/kg
Formate
41883
41482
42063
42065
41873.25
274 .44
137.22
2.47%

0.266806
0.9697

Volume Determination Before Transfer

LI30254
108.08

bias

Before Info

1-sigma
Uncertainty
1.3384
2.316

1

17.416
78.513
138.28
158.89
175.91

138.28

DI30264
5555

x2

0
17.416
78.513
138.28
158.89

78.513

1-sigma
Uncertainty
0.9300
1.61

y1
1000
5175
9400
10850
12000

9400

y2

1000
5175
9400
10850

5175

d  Ca Cae
TOC roc
1 1

34.61% 36.99%

Car

Volume, Vi, Befare

Density, p

93

Car
Oxalate

0.27292
0.37%

1142

69394

11177

Car
Boncalate
0.27292
0.39%

1-sigma
Uncertainty
549.64
1-sigma, &
9.00

kg/L

bias

0
bias, bs
12

SRNL-STI-2014-00323

Revision 0
Cae Car
Formate Gformate
0.266806 0.266806
0.44% 25.21% 100.000%
mg/kg
gal



Exhibit B6. Example Calculation for SRAT Step 3 Linked to Step 1
(continued)
After Transfer Out

1-sigma
L13025; Uncertainty bias
17.45 1.3384 2316
inwc inwc
«1 %2 vl y2
17.416 0 1000 0
768.513 17.416 5175 1000
138.28 78.513 9400 5175
158.89 138.28 10850 9400
175.91 158.89 12000 10850
After Info 78.513 17.416 5175 1000
1-sigma
Uncertainty
Volume, after, V2 &2, gal
13394 9
bias, b;, gal
12
Partial Derivatives
3 1-sigma @ Mae o Mae o Mag o Mae o Mae .,
Mss ot Uncertainty 3 Ca LI3025, DI3026; 113025, &1
57.30 27.597 0.05016 061426 0.03294 -0.62562 0.01023
kg kg 99.817% 0.089% 0.00% 0.09% 0.0011%
Partial Derivatives
8 M | A Mae - Mae ., M: .,
bias a;  Ci LI3025, DI3026, 113025, Sep
2883 0.05016 0.61426 0.03294 -0.62562 0.03682
kg
vy vy Vo Vo Vi
Sep Heel Sep Heel b,
145.44647 70.69118 2269994  68.33396 1.00000

Mae n Vy Vy
52 L3025, DI3026,
-0.01023 -66.88556 13013486
0.0011%
Mae o Mae ., Mae oo
Heel by by
0.02412 0.01023 -0.01023
Vo e
bs Sep
1.00000 -0.02378

94
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Vo Vo Vo e e Vi
LI3025, L3025, DI3026, L3025,  DI3026, 51
61.14023 -2031024 2031024 002128 -002128 1.00000
vy vy Vo Vo Vo e
L13025, DI3026, L3025, LI3025, DI3026,  LI3025,
-66.88556 130.13486 61.14023 -20.31024 20.31024 0.02128

Yo
52
1.00000

2
DI3026,
-0.02128



Exhibit B7. Example Calculation for SRAT Step 4 Linked to Step 1

M _ 3.7854 : CAF - VZ " p
AFnew ™ 04723 - 1000000

SRAT Status Unknown --- Sampling the SRAT Product Prior to Transfer to the SME

mg/kg ma/'kg mag/kg
TOC Oxalate Formate
12852 2667 41883
11670 2361 41482
12818 2183 42063
13129 2690 42065
Aug 12617.25  2475.25 41873.25
Std Dev 646.68 24586 274.44
g C C C C C
Std error 32334 122.93 137.22 s = =4 =& =& =&
batch % rsd (5, 2.72%  5.05% 2.47% é TOC &1oc Oxalate Soxstate Formate
C factor 1 0.27292 0.266806 1 1 0.27292 0.27292 0.266806
low bias factor 1 0.9495 0.9697 3461%  38.99% 0.37% 0.39% 0.44%
After Transfer Out
1-sigma
LI30252 Uncertainty bias
17.45 1.3384 2.316
inwe inwec
Wolume Determination Before Transfer
1-sigma 1-sigma x1 x2 i &
L13025, Uncertainty =~ DI30264 Uncertainty 17.416 0 1000 0
78.513 17.416 5175 1000
108.08 1.3384 5555 0.9300 138,25 18613 9400 c17e
bias 2.316 1.61 158.89 135.28 10850 9400
175.91 155.89 12000 10850
1 x2 ¥ y2 AfterInfo 78.513 17 416 5175 1000
17 416 0 1000 0 _
78.513 17.416 5175 1000 1-sigma
138.28 78.513 9400 5175 b
158.89 138.28 10850 9400 Volume, after, Vz 8, gal
175.91 158.89 12000 10850 13394 9
bias, by, gal
Before Info~ 138.28 78.513 9400 5175 19

95
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Car

Srormate
0.266806
25.21%

Revision 0

100.000%



Exhibit B7. Example Calculation for SRAT Step 4 Linked to Step 1

(continued)

Car
Density, p
4 1-sigma
Mar new  Uncertainty
13.71 6.649
kg
bias
1.5796
kg

1-sigma
Uncertainty
1142 549.64
1177 kgL
3 Mae ooy Mae oo Mg oo
a Car L3025, DI3026,
001200  0.05308 -0.05308
98.38% 0.01% 0.01%
@ Mic ooy Mae cey M o
a Car L3025, DI3026,
001200  0.05308 -0.05308

bias

0 mag/kg

Partial Derivatives
Mag o
LI3025;
0.62562

1.59%

Partial Derivatives
Mee nen
LI3025;
0.62562

Mae ne
52
0.01023
0.0192%

MA.L_nau
Sep
-0.02790

Vo Vs A
L3025, L3025,  DI3026,
61.14023 -20.31024 2031024
Mo M v

Heel b L13025,
069923 0.01023 61.14023

96

B
Li3025,
0.02128

v,
113025,
-20.31024

P
DI3026,
-0.02128

Vs
DI3026,
20.31024

Vo
Sep
0.00000

2
LI3025,
0.02128

SRNL-STI-2014-00323

Vs Vo
Heel 82
68.33396 1.00000

e '}
DI3026, Sep
002128 2577190

Yz
Heel
68.33396

Revision 0
Vs e
by Sep
1.00000 -0.02378



Exhibit B8. Example Calculation for SRAT Step 3

SRAT Status Before Event

SRAT

Sep Heel Mar

47 677 35210
0.0625  0.0625 kg
inches inches

bias bias

Before Transfer Out

1-sigma

LI3025, Uncertainty DI3026,
53.389
inwc

104.02 1.3384
inwc Bias
2.316
inwc

x1
17.416

78.513
138.28
158.89
175.91

Before 138.28
After 78.613

1-sigma
Uncertainty
1.500
kg
bias
5.25
kg

17.416
78.513
138.28
158.89

78.513
17.416

1-sigma
Uncertainty
0.9300
Bias
1.61
inwe

1000
5175
9400
10850
12000

9400
5175

M _ Myp - (Vy = V3)
AFout — v,
After Transfer Out
1-sigma
LI3025; Uncertainty V4
16.975 1.3384 692936
inwe Bias gal
2.316
inwe
y2 1-sigma
0 Uncertainty
1000 Vo 82 for V2
5175 1349.30 9
9400 gal gal
10850 bias, bz
Density, p 12
5175 1.0773 gal
1000 kg/L

97

1-sigma
Uncertainty
&1 for V4
g
gal
bias, by
12
gal

SRNL-STI-2014-00323
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Exhibit B8. Example Calculation for SRAT Step 3

(continued)

Partial Derivatives

3 1-sigma 8 Mag o Mag o Mag o Mag o Mag o Mag o Vs Vs
Mer ot Uncertainty d  Mar L3025, DI3026+ LI13025; 2l a2 LI30254 DI3026
28.354 1.2848 0.805 0.040 0.0253 -0.322 0.00099 -0.0051 -69.196 134.818

kg kg 88.39% 0.17% 0.03% 11.27% 0.0048%  0.1267%

Partial Derivatives
8 Mag o Mar o Mae o Mg o Mg o Mg o Mae o Mag_ o
bias Mar LI30254 DI30264 LI3025; Sep Heel by bz
4.3108 0.8053 0.0396 0.0253 -0.322 0.027 0277 0.001 -0.005
kg
Vs vz A Vs density. p  density, p density, p
Sep Heel by be LI13108; DI3109; Sep
22.910 658.334 1.000 1.000 0.021 -0.021 -0.023

98

Ve
LI3025;
63.433

Vs

L3025,
-69.196

Vs
LI3025,
-21.267

Vi

DI3026;
134818

Vs
DI3026+
21.267

Vo
LI3025;
63.433

=

e

1.000

Va
LI3025,
-21.267

SRNL-STI-2014-00323

SRIF

Vs

DI3026;

21.267

Revision 0

density. p density. p

LI3108, DI3109;
0.021 -0.021
Vy Vy
Sep Heel
145233 70.691



SRNL-STI-2014-00323
Revision 0

Exhibit B9. Example Calculation for SRAT Step 4

M _ Myr -V
AF, -
new Vl
SRAT Status Before Event
SRAT
1-sigma
Sep Heel Mar  Uncertainty
47 6.77 35210 1.500
0.0625 00625 kg kg
inches inches bias
bias bias 525
kg
Before Transfer Out After Transfer Out 1-sigma
1-sigma 1-sigma 1-sigma Uncertainty
L3025, Uncertainty DI30264 Uncertainty LI30252 Uncertainty V4 &1 for V4
104.02 1.3384 53.389 0.9300 16.975 1.3384 6929.36 9
inwc Bias inwc Bias inwe Bias gal gal
2.316 1.61 2.316 bias, by
inwc inwe inwc 12
gal
x1 %2 vl y2 1-sigma
17.416 0 1000 0 Uncertainty
78.513 17.416 5175 1000 Vs 82 for Va2
138.28 78.513 9400 5175 1349.30 9
158.89 138.28 10850 9400 gal gal
175.91 158.89 12000 10850 bias, bz
Density, p 12
Before 138.28 78.513 9400 5175 1.0773 gal
After 78.513 17.416 5175 1000 kg/L

99



Exhibit B9. Example Calculation for SRAT Step 4

(continued)

4 1-sigma
MaF new  Uncertainty
6.8562 0.5263

kg kg

bias
1.3247
kg

Partial Derivatives

Mag pew Mae peu MaE pew Mag peu MaE pew Mae peu vy vy
Mar LI3025, DI3026, L13025; 81 82 LI3025, DI3026,
0.195 -0.040 -0.025 0.322 -0.001 0.005 -69.196 134.818
30.8% 1.0% 0.2% 67.2% 0.0286%  0.7552%

Partial Derivatives

Mar pey Mag ney MaE ney Mag ney Mar ey Mag _ney Mag ney MaE ney
Mar LI3025+ DI30264 LI3025; Sep Heel by bz
01947 -0.0396 -0.0253 0.3223 -0.0273 0.2773 -0.0010 0.0051

Vo Vs Vi Vs density, p  density, p density, p
Sep Heel by be LI13108; DI3109, Sep
22.9103 68.3340 1.0000 1.0000 0.0213 -0.0213  -0.0229

100

Vs
LI3025;
63.433

Vi
LI3025+
-69.1961

Vs
LI3025,
-21.267

Vs
DI3026+
134.8177

Vs
DI3026;
21.267

Vo
LI3025;
63.4334

&1

1.000

Va
LI3025,
-21.2672

SRNL-STI-2014-00323

2 RIS

Va
DI30264
21.2672

density. p

LI3108,
0.021

Vs
Sep
1462331

Revision 0

density, p

DI3109,
-0.021

Vs
Heel
70.6912



Exhibit B10. Example Calculation for SME Step 2

MAF new = Mar + Mar aad

SME Status Before Event
SME
1-sigma
Sep Heel Uncertainty
47 6T 075
0.0625  0.0625 kg kg
inches inches bias
bias bias 5.25
kg
1-sigma
Mar_ada Uncertainty  bias
28.354 1.285 4.311
ki ki

1-sigma
Uncertainty bias
1.488 9.561

101
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Exhibit B11. Example Calculation for SME Step 3

MAF new = Mar + MAF add

SME Status Before Event

SME

Sep Heel Mar
47 67T 5502

0.0625  0.0625
inches inches

bias bias
A
d
d f A

Al rN

F t o F MAF_add
imT 440
0 kg
n

kg

1-sigma
Uncertainty
0.75
kg
bias
5.25
kg

1-sigma
Uncertainty  bias
1.2 5.00
kg kg

MAF_new
69.020
kg

102

1-sigma
Uncertainty
1.396
kg

bias
10.250
kg

SRNL-STI-2014-00323
Revision 0



Exhibit B12. Example Calculation for SME Step 1

SME Status Unknown before Event

mag/kg mag/kg mg/kg
TOC Oxalate Formate
11166 2218 36816
11181 2210 37731
11023 2246 3757
11030 2199 37167
Avg 11100 2218.25 IT217.75
Std Dev 85.14 20,07 379.08
Std error 4257 10.04 189.54
batch % rsd (8) 2.72% 5 05% 2.47%
C factor 1 0.27292 0.266806
low bias factor 1 0.9495 0.9697
1-sigma
Current Method Uncertainty bias
Car 896.13 395.758 mg'kg 0
Volume, V 7643.0 149.02 gal
Density, p 1.2809 0.0346 ka/L

Volume Determination

1-sigma 1-sigma
Before L131094 Uncertainty =~ DI3108; Uncertainty
136.36 1.3349 76.156 0.9271
bias bias
2.3 1.605
inwc inwc

i

Volume

7648.0
gal

3.7854 - Cyp - Vy - p

AFnew ™ 0.4723 - 1000000
d  Car Cae Cae
d TOC Broc Oxalate
1 1 0.27292
1.16% 5B.20% 0.00%
mg/kg
1-sigma
Uncertainty
& for Vs
9
gal
bias, by
6
gal Level Info

103

Car
Socalate
027292
0.60%

%1
9.8051

79.232
125.25
175.02

125.25

9.8051
79.232
125.25

79.232

SRNL-STI-2014-00323

Cag
Formate

0.266806
1.63%

500
5240
8500

12000

8500

Revision 0

Cae

Stormate
0.266806
38.41%

500
5240
10850

5240
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Exhibit B12. Example Calculation for SME Step 1
(continued)
1 1-sigma 9 Maierew  Micnee M ne Mae e ' ' e e Vi
Mas e Uncertainty NG 113108,  DI3109, 5, 113108, DI3109, 13108,  DI3109, 5,
70.36 31.082 007852 052511 -0.01630 000920 -69.95861 12526335 002128  -0.02128  1.00000
kg kg 99.948% 0.051%  0.000%  0.0007%
bias d Car L3108,  DI3109, Sep Heel b, L3108,  DI3109,  LI3108, DI3109, Sep Heel Sep b,
1.2152 007852 052511 -001630 -002088 065175  0.00920 6995861 12526335  0.02128 002128 16045435  70.84184  -0.02725 1.00000
kg

104



Exhibit B13. Example Calculation for SME Step 5 Linked to Step 1

M _ 37854 " CAF " Vz " p
AFnew ™ 04723 - 1000000

SME Status Unknown before Event

mag/kg mag/kg mg/kg
TOC Orxalate Formate
11166 2218 36816
11181 2210 37731
11023 2246 3757
11030 2199 37167
Avg 11100 2218.25 IT217.75
Std Dev 85.14 20,07 379.08
Std error 4257 10.04 189.54 ¢ Cu L Cae
batch % rsd ()  272%  5.05% 247% ¢ TOC froc Oxalate
C factor 1 0.27292 0.266806 1 1 0.27292
low bias factor 1 0.9495 0.9697 1.16% 58.20% 0.00%
1-sigma
Current Method Uncertainty bias
Car 896.13 395.758 mg'kg 0 mag/kg
Volume, V 7643.0 149.02 gal
Density, p 1.2809 0.0346 kgL
Volume Determination 1-sigma
1-sigma 1-sigma Wy Uncertainty
Before L131094 Uncertainty =~ DI3108; Uncertainty Volume & for Vs
136.36 1.3349 76.156 0.9271 7648.0 9
bias bias gal gal
2.3 1.605 bias, by
inwc inwc 6

gal

105

Car
Socalate
027292
0.60%

SRNL-STI-2014-00323

Cag
Formate

0.266806
1.63%

Revision 0

Cae
Bformate
0.266806
38.41%



Exhibit B13. Example Calculation for SME Step 5 Linked to Step 1

(continued)

After

5
After
MAF__m
14.222
kg

L13109;z
2351

1-sigma
Uncertainty
6.3161
kg

bias
1.142
kg

After Acceptability — Transfer Out

1-sigma

Uncertainty
1.3349
bias
2.3

inwc

1%

12

MAL_nm
Car
0.01587

98.895%

Partial Derivatives
Mie con
Car
0.01587

e
DI3109,
-0.02128

After
Wz
15459
gal

1-sigma
Uncertainty
& for Vz
9
gal
bias, b
6

gal

Partial Derivatives

LI3025, DI30286, LI3025, 8
004474 -0.04474 049036 0.00920
0.009% 0.004% 1.074%  0.0172%
Mae oo Magnew Moz oo Mae o
LI3025, DI3026,  LI3025, Sep
0.04474 -0.04474 049036 -0.05731

A3 23 Va

Sep Heel b,
26.66222 68.27325 1.00000

106

Level Info
After
Vo Vo
LI13025, L13025,
53.29949 -20.81464
MﬂF—_w« MA%BM
Heel b,
0.62812 0.00920
e
Sep
-0.02725

%1
9.8051

79.232
125.25
175.02

125.25
79.232

e
DI3026,
20.81464

A
LI3025,
5329949

9.8051
79.232
12525

79.232
9.8051

e

LI3108,
0.02128

v,

LI13025,
-20.81464

SRNL-STI-2014-00323

500
5240
8500

12000

8500
5240

e
DI3109,
-0.02128

A
DI3026,
20.81464

Revision 0

500
5240
10850

5240
500

I

1.00000

e
LI13108,
0.02128
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Exhibit B14. Example Calculation for SME Step 4
0.4905 - 1000000 - My
A p -V, -3.7854
SME Status Before Event
SME
1-sigma
Sep Heel Mar  Uncertainty]
a7 6.7T 5502 0.75
0.0625 00625 kg kg
inches inches bias
bias bias 5.25
kg
Before Acceptability Decision
Coal 240 mg/kg Volume/Density Determinations
mg/kg mg'kg 1-sigma 1-sigma
B%"Cfe i‘_’f"{e Before 113109, Uncertainty ~ DI3108;  Uncertainty
itrate
9945 20634 126.48 153;29 65.018 Ujg?
9958 20047
9963 20028 231 808
9905 20854
Awvg 994275  20390.75 1-sigma
Std Dev 26.29 417.74 Before Before Uncertainty
Std error 13.14 208.87 : -
Density. Vol .V 5 for Wy
batch % rsd ()  2.72% = 2.73% 1 30?7P oot 4 S
C factor 1 0 kg/L gal gal
low bias factor 1 0.9924

bias, by

Acceptable &
Acceptable gal

107
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Exhibit B14. Example Calculation for SME Step 4
(continued)
x1 x2 w1 y2
9.8051 0 500 0
79.232 9.8051 5240 500
12525 79.232 8500 5240
175.02 12625 12000 10850
Before 12525 79.232 8500 5240
4 Partial Derivatives
Before  1-sigma 4 Ca Cae Cae Cae vy Vi Density. p Density.p  V,
Uncertainty 3 Mas LI3109, DI3108, & LI3109, DI3108, LI3109,  DI3108, 5y
13.628 1423991 -6.29494 0.19539 -0.11259 -57.30704 111.47980 0.02128 -0D.02128 1.00000
mgrkg 614% 38.0% 0.0% 0.5529%
Partial Derivatives
2 Ca Cee Cae Cee Cae Cee v, V,  Density.p Densi V. V. Vo Density. o
bias F] Mar LI3109, DI3108, Sep Heel by L3109,  DI3108, L3109, DI3108, Sep Heel by Sep
76.166 14.23991 -6.29494 0.19539 0.25551 -7.97639 -0.11259 -57.30704 111.47980 0.02128 -0.02128 14578238 70.84184 1.00000 -0.02782

mglkg

Acceptability Decision for the SME Product

Gallons on AF h i f g
728 - ;
894
1017
e 1sigma 1-sigma AF Tracking Method Acceptability
Gallons on AF malkg Uncertainty mglkg Uncertainty Delta C4r Delta TOC
T 728 2094.36 5.09 1562724  219.99 Acceptable  Acceptable 12002  4617.3292
4 894 2598.50 .35 14037.24  219.99 Acceptable  Acceptable 17032  3027.3292
&TOC 1017 2978.76 7.35 1278724  219.99 Acceptable  Acceptable 20824  1777.3292
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Exhibit B15. Example Calculation for SME Step 5

SME Status Before Event

SME
1-sigma
Sep Heel Mar  Uncertainty
47 6.77 55.02 0.75
0.0625  0.0625 kg kg
inches inches bias
bias bias 5.25
kg
Volume/Density Determinations
1-sigma
Before L13109, Uncertainty DI3108,
126.48 1.3349 65.018
bias
23
inwc
1-sigma
Before Befaore Uncertainty
Density. p Volume, V; ¢ for V4
1.3077 6958 4 9
kg/L gal gal
bias, by
]
gal

My -V
MAFnew - V1

1-sigma
Uncertainty
0.9271
bias
1.605
inwc

After

109

After Acceptability

L13109;
20.433

--- Transfer Out
1-sigma
Uncertainty
1.3349
bias
2.3
inwc

SRNL-STI-2014-00323
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1-sigma
After Uncertainty
VZ &2 for VZ
1359.6 9
gal gal
bias, bz
i
gal



Exhibit B15. Example Calculation for SME Step 5

(continued)
x1 %2 vl
9.8051 0 500
79.232 9.8051 5240
12525 79.232 8500
175.02 12525 12000
Before 12525 79.232 8500
After 79.232 9.8051 5240
5
After 1-sigma 2 Mg oo Mg o,
Maz new  Uncertainty 3 Mae LI3025,
10.75 05794 0.19538 -0.04871
kg kg 6.4% 1.3%
d Mg oo Mg ney
bias 2 Mae LI3025,
1.482 0.19538 -0.04871
ka
Ve
Sep
2269739

Mg ooy

DI3026,

-0.03499
0.3%

Mag ooy
DI3026,
-0.03489

Vo
Heel
68.27325

y2
0
500
5240
10850
5240
500
Partial Derivatives
Mag e Mae oo Mae cen v, vy
LI3025, 5y 52 LI3025, DI3026,
0.41281 -0.00154 0.00791  -57.30704 111.47980
90.5% 0.0576% 1.5086%
Partial Derivatives
LI3025, Sep Heel by by
0.41281 -0.04575 0.43039 -0.00154 0.00791
' Vo Density Density Density
b, b, LI3108, DI3109, Sep
1.00000 1.00000 0.02128 -0.02128 -0.02782

110

Va Vs Vs
LI3025,  LI3025,  DI3026,
5220856 -17.35670 17.35670
v v, v
L13025,  DI3026,  LI3025;

-57.30704 111.47980 5220856
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vy Va Density Density
8, 52 LI3108, DI3109,
1.00000 1.00000 0.02128 -0.02128
Vo Ve Va Yy
L3025, DI3026, Sep Heel
-17.35670  17.35670 14578238  70.84184
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Appendix C. Volume versus Pressure Correlation for the AMFT

The volume versus pressure correlation for the AMFT is developed in this appendix. Exhibit C1 provides
an overview of how the data were taken and the how the analyses of the data were conducted [10]. Table
C1 shows the data and Exhibit C2 provides the regression statistics from fitting the pressure values to the
volume numbers using JMP 11.1.1 [9]. Included in the JMP output are confidence intervals at 95%
confidence for inverse predictions (i.e., predictions of volume from pressure values): predictions of mean
volumes and predictions of individual volumes.

Table C2 summaries these confidence intervals, which were used to provide insight into possible bias and
random uncertainties in the use of the correlation between volume and pressure. The bias is estimated by
maximum of the upper limit of the confidence interval for mean predictions minus the mean prediction
itself and the mean prediction minus the lower limit of the confidence interval. A column showing these
estimated biases is included in Table C2. Over the interval of pressures studied, the largest of these values
is 0.232 gal, which is to be used as a bound on the bias of the correlation at 95% confidence.

The random uncertainty is estimated by the maximum of the upper limit of the confidence interval for an
individual prediction minus the upper limit of the confidence interval for the mean and of the lower limit
of the confidence interval for the mean minus the lower limit of the confidence interval for an individual.
These estimated random uncertainties are at 95% confidence, so they are taken to be 2-sigma estimates. A
column showing these values at 1-sigma level is provided in Table C1. Over the interval of pressures
studied, the largest of these 1-sigma values is 0.637 gal, which is to be used as the 1-sigma random
uncertainty of the volume versus pressure correlation for the AMFT.
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Exhibit C1. DWPF Procedure Utilized to Generate the Data and to Establish Correlation

Additive Mix Feed Tank (AMFT) Volume-to-Pressure Correlation

A fill and drain experiment was conducted on the AMFT to determine the pressure difference
between the level mstrumentation outlet and the vapor space of the tank as a function of liquid
volume within the tank. The specific gravity of the material was set to a value of unity. The
volume in the tank was the controlled quantity in the experiment and was incrementally
increased by 3 gallons. The measurement and test equipment (M&TE) used in the determination
of the pressure difference had a range of 0-100 inwe with an uncertainty of 0.06% of span. This
devics was used in parallel with the L12614 instrumentation, i.e. the mechanical characteristics
of the instrument from which the M&TE and the LI2614 received information was identical.

Three experimental runs were conducted. The tank and downstream piping were drained before
each run to ensure that the experiment was based on an initially empty system. A calibrated
container was filled with water to the 3 gallon mark and then subsequently evacuated to the
AMFT. After each 3 gallon addition, the pressure was recorded from the M&TE. After every
sixth addition, 1.e. 18 gallons, the pressure from the L12614 was recorded.

The experimental data are plotted in Figure 1 along with the derived correlation. It is important
to notice that the derived correlation is only valid for the linear portion of the data. Thisis
appropriate given that the working level in the AMFT will be restricted to the linear portion of
the tank Ome notices in Figure 1 that the level instrumentation in the tank was not encountered
by the liquid level until the volume in the tank was between 3 and 6 gallons. This is inferred
from the increase in pressure occurring in this volume range. This information represented the
first indication that there may exist some discrepancy between the vendor print for the AMFT,
1.e. Drawing Number D-86-241 Rev._ 6, and the physical tank. Theoretically, based upon the
vendor print tank dimensions, the level instrumentation should not be encountered until the
volume of the tank was approximately 10 gallons. A second indication that the tank may have a
different geometry is given at the other end of the data range. In this case, one notices thata
plateau in the data 1s encountered which 1s consistent with an overflow condition. This overflow
condition occurs at approximately 168 gallons. The theoretical overflow volume, i.e. that based
upon the vendor supplied dimensions, was calculated to occur at 178.5 gallons.

To derive the pressure difference to volume correlation, the data for the three runs were
averaged, i.e.

'l a3
(AP); =§Zﬁp;'; (1

Bodey 1
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Exhibit C1. DWPF Procedure Utilized to Generate the Data and to Establish Correlation
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(continued)
60
-
50
40
230
= w—COrrelation
% = ME&TE_Runi
+ ME&TE_Run2
T ] | T * M&TERun3
10
0 -
0 20 40 60 80 100 120 140 160 180

Volume [Gallons]

Figure 1. Experimental Determination of Pressure Difference as a Function of Volume and
Derived Correlation.

The averaged set, (AP);. was used to establish a correlation between the volume of liquid in the
tank and the pressure difference as shown in Figure 2. This exercise results in an affine
comrelation. i.e.

inwc
Gallon

AP(V) = (0.3394 ) V — 0.3966inwc )

In practice, one will be using the level instrumentation to determine the volume in the tank. Asa
result. Equation 2 must be inverted to arrive at such a relationship.

AP + 0.3966inwc

inwc 3)
0'3394_@1”0?1

V(AP) =

Bodey 2
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Exhibit C1. DWPF Procedure Utilized to Generate the Data and to Establish Correlation

(continued)

50.00 +— -

40.00 /

30.00 +—— B S -

AP [inwc]

20.00 4+ LI L L) é{j_.)*u._ uuuuuuuuu
/ AP =0.3324V - 0.3966
R*=1

10.00
7

0.00
0 20 40 60 80 100 120

Volume [Gallons]

Figure 2. Pressure Difference as a Function of the Volume of the AMFT.

This correlation will be programmed into the DCS to provide an experimentally driven AMFT

volume.

140

160

180

Bodey 3
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Exhibit C2. Regression Analysis with Inverse Prediction

Response M&TE [inwc]*
Whole Model
Regression Plot

60
50
40
30
20
10

M&TE [inwec]

0
0 20 40 60 80 100 140 180

Volume [Gallons]

Summary of Fit

RSquare 0.999788
RSquare Adj 0.999787
Root Mean Square Error 0.236708
Mean of Response 29.12909
Observations (or Sum Wgts) 165

Analysis of Variance
Source DF Sum of Squares Mean Square F Ratio

Model 1 43101.143 43101.1 769244.6

Error 163 9.133 0.05603 Prob > F

C. Total 164 43110.276 <.0001*

Lack Of Fit

Source DF Sum of Squares Mean Square F Ratio

Lack Of Fit 53 1.1311681 0.021343  0.2934

Pure Error 110 8.0018000 0.072744 Prob>F

Total Error 163 9.1329681 1.0000
Max RSq

Parameter Estimates

Term Estimate Std Error t Ratio Prob>|t|

Intercept -0.396606 0.038378 -10.33 <.0001*

Volume [Gallons] 0.3393758 0.000387 877.07 <.0001*

* This statistical analysis was conducted using JMP 11.1.1 [7]
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Exhibit C2. Regression Analysis with Inverse Prediction

(continued)

Inverse Prediction

Specified M&TE [inwc] Predicted Volume [Gallons] Lower 95% Upper 95%

0.00000

5.00000
10.00000
15.00000
20.00000
25.00000
30.00000
35.00000

Confidence Interval with respect to an expected response

Inverse Prediction

1.1686
15.9016
30.6345
45.3674
60.1003
74.8333
89.5662

104.2991

0.9472
15.7085
30.4681
45.2248
59.9771
74.7226
89.4588

104.1852

Specified M&TE [inwc] Predicted Volume [Gallons] Lower 95%

25.00000
30.00000
35.00000
40.00000
45.00000
50.00000
55.00000
60.00000

Confidence Interval with respect to an expected response

Inverse Prediction

74.8333

89.5662
104.2991
119.0321
133.7650
148.4979
163.2309
177.9638

74.7226

89.4588
104.1852
118.9030
133.6150
148.3231
163.0289
177.7331

Specified M&TE [inwc] Predicted Volume [Gallons] Lower 95%

0.00000

5.00000
10.00000
15.00000
20.00000
25.00000
30.00000
35.00000

Confidence Interval with respect to an individual response

Inverse Prediction

1.1686
15.9016
30.6345
45.3674
60.1003
74.8333
89.5662

104.2991

-0.227
14.511
29.247
43.983
58.717
73.452
88.185
102.917

Specified M&TE [inwc] Predicted Volume [Gallons] Lower 95%

25.00000
30.00000
35.00000
40.00000
45.00000
50.00000
55.00000
60.00000

Confidence Interval with respect to an individual response

74.8333

89.5662
104.2991
119.0321
133.7650
148.4979
163.2309
177.9638

73.4515

88.1848
102.9172
117.6489
132.3798
147.1099
161.8392
176.5677

1.3892
16.0939
30.8003
45.5096
60.2234
74.9439
89.6736

104.4133

Upper 95%
74.9439
89.6736

104.4133
119.1614
133.9155
148.6734
163.4336
178.1954

Upper 95%
2.5631
17.2919
32.0215
46.7518
61.4830
76.2149
90.9477
105.6812

Upper 95%
76.2149
90.9477

105.6812
120.4155
135.1507
149.8866
164.6233
179.3608
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Table C1. Measurements of Gallons versus Inches of Water Column

run Additions Volume [Gallons] M&TE [inwc]

1 0 0 0.09
1 1 3 0.09
1 2 6 1.2

1 3 9 2.37
1 4 12 3.46
1 5 15 4.46
1 6 18 5.46
1 7 21 6.47
1 8 24 7.57
1 9 27 8.55
1 10 30 9.54
1 11 33 10.56
1 12 36 11.6
1 13 39 12.64
1 14 42 13.6
1 15 45 14.64
1 16 48 15.7
1 17 51 16.7
1 18 54 17.71
1 19 57 18.77
1 20 60 19.81
1 21 63 20.8
1 22 66 21.87
1 23 69 22.85
1 24 72 23.76
1 25 75 24.78
1 26 78 25.8
1 27 81 26.79
1 28 84 27.8
1 29 87 28.85
1 30 90 29.82
1 31 93 30.87
1 32 96 31.93
1 33 99 32.95
1 34 102 33.94
1 35 105 35

1 36 108 36

1 37 111 37.04
1 38 114 38.03
1 39 117 39.06
1 40 120 40.11
1 41 123 41.19
1 42 126 42.15
1 43 129 43.16
1 44 132 44.15
1 45 135 45.21
1 46 138 46.25
1 47 141 47.25
1 48 144 48.21
1 49 147 49.33
1 50 150 50.35
1 51 153 51.37
1 52 156 52.37
1 53 159 53.41
1 54 162 54.43
1 55 165 55.45
1 56 168 56.16
1 57 171 56.21
2 0 0 0.12
2 1 3 0.11
2 2 6 1.51
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Table C1. Measurements of Gallons versus Inches of Water Column

run Additions Volume [Gallons] M&TE [inwc]

2 3 9 2.59
2 4 12 3.58
2 5 15 4.71
2 6 18 5.72
2 7 21 6.89
2 8 24 7.81
2 9 27 8.87
2 10 30 9.79
2 11 33 10.9
2 12 36 11.9
2 13 39 12.99
2 14 42 14

2 15 45 15

2 16 48 16.07
2 17 51 17.06
2 18 54 18.03
2 19 57 19.09
2 20 60 20.03
2 21 63 21

2 22 66 22.1
2 23 69 23.06
2 24 72 24.12
2 25 75 25.07
2 26 78 26.05
2 27 81 27.09
2 28 84 28.1
2 29 87 29.08
2 30 90 30.11
2 31 93 31.09
2 32 96 32.09
2 33 99 33.04
2 34 102 34.2
2 35 105 35.1
2 36 108 36.21
2 37 111 37.2
2 38 114 38.15
2 39 117 39.17
2 40 120 40.22
2 41 123 41.28
2 42 126 42.25
2 43 129 43.24
2 44 132 443
2 45 135 45.37
2 46 138 46.3
2 47 141 47.41
2 48 144 48.3
2 49 147 49.4
2 50 150 50.44
2 51 153 51.43
2 52 156 52.45
2 53 159 53.49
2 54 162 54.49
2 55 165 55.55
2 56 168 56.25
2 57 171 56.27
3 0 0 0.12
3 1 3 0.11
3 2 6 1.49
3 3 9 2.72
3 4 12 3.75
3 5 15 4.8
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Table C1. Measurements of Gallons versus Inches of Water Column

run Additions Volume [Gallons] M&TE [inwc]

3 6 18 5.76
3 7 21 6.88
3 8 24 7.93
3 9 27 8.93
3 10 30 9.94
3 11 33 11.02
3 12 36 12.07
3 13 39 13.06
3 14 42 14.03
3 15 45 15.12
3 16 48 16.17
3 17 51 17.13
3 18 54 18.1
3 19 57 19.15
3 20 60 20.22
3 21 63 21.23
3 22 66 22.32
3 23 69 23.37
3 24 72 24.37
3 25 75 25.37
3 26 78 26.35
3 27 81 27.36
3 28 84 28.46
3 29 87 29.36
3 30 90 30.5
3 31 93 31.45
3 32 96 32.58
3 33 99 335
3 34 102 34.54
3 35 105 35.5
3 36 108 36.56
3 37 111 37.66
3 38 114 38.64
3 39 117 39.69
3 40 120 40.66
3 41 123 41.74
3 42 126 42.77
3 43 129 43.69
3 44 132 44.77
3 45 135 45.71
3 46 138 46.95
3 47 141 47.85
3 48 144 48.9
3 49 147 49.9
3 50 150 50.94
3 51 153 52
3 52 156 52.19
3 53 159 53.92
3 54 162 54.97
3 55 165 56.02
3 56 168 56.2
3 57 171 56.33
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Table C2. Bias and 1-Sigma Random Uncertainty for Volume versus Pressure Correlation for the AMFT
Specified Predicted Volume | Lower 95% | Upper 95% | Lower 95% for | Upper 95% for 1-sigma
Y M&TE [inwc] [Gallons] for the Line | for the Line | an Individual an Individual bias (gal) random (gal)

M&TE [inwc] 0.00000 1.1686 0.9472 1.3892 -0.2267 2.5631 0.221 0.587
M&TE [inwc] 5.00000 15.9016 15.7085 16.0939 14.5105 17.2919 0.193 0.599
M&TE [inwc] 10.00000 30.6345 30.4681 30.8003 29.2470 32.0215 0.166 0.611
M&TE [inwc] 15.00000 45.3674 45.2248 45.5096 43.9826 46.7518 0.143 0.621
M&TE [inwc] 20.00000 60.1003 59.9771 60.2234 58.7175 61.4830 0.123 0.630
M&TE [inwc] 25.00000 74.8333 74.7226 74.9439 73.4515 76.2149 0.111 0.636
M&TE [inwc] 30.00000 89.5662 89.4588 89.6736 88.1848 90.9477 0.107 0.637
M&TE [inwc] 35.00000 104.2991 104.1852 104.4133 102.9172 105.6812 0.114 0.634
M&TE [inwc] 40.00000 119.0321 118.9030 119.1614 117.6489 120.4155 0.129 0.627
M&TE [inwc] 45.00000 133.7650 133.6150 133.9155 132.3798 135.1507 0.151 0.618
M&TE [inwc] 50.00000 148.4979 148.3231 148.6734 147.1099 149.8866 0.175 0.607
M&TE [inwc] 55.00000 163.2309 163.0289 163.4336 161.8392 164.6233 0.203 0.595
M&TE [inwc] 60.00000 177.9638 177.7331 178.1954 176.5677 179.3608 0.232 0.583
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Appendix D. Determining Random and Bias Uncertainties for AMFT Density Values

Volume determinations made in the AMFT are based on readings provided by LI2614 and utilize the
relationship described in Appendix C. As indicated in Exhibit 2, the value from the L12614 is adjusted for
the density (actually the specific gravity) of the AMFT contents. The values from Table Al in Appendix
A indicate that the density of the 1:20 mix of antifoam and water is about 0.99835 g/mL — a value very
near 1. The average density of the undiluted antifoam from this same table is 1.00073 g/mL.

In determining the AMFT volume, a specific gravity of 1 will be used in the calculations. The 1-sigma
random uncertainty for this value will be taken from the standard deviation of the density measurements
for the undiluted antifoam; the random standard deviation associated with the use a value of 1 for the
specific gravity is 0.0036. The bounding bias for the specific gravity of the AMFT material is taken to be
3 sigma, which leads to a bias of 3 x 0.0036 = 0.0108.
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