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EXECUTIVE SUMMARY

The Hanford Site contains 177 large underground radioactive waste storage tanks (28 double-
shell tanks and 149 single-shell tanks). These tanks are categonized into one of three waste
groups (A, B, and C) based on their waste and tank characteristics. These waste group
assignments reflect a tank’s propensity to retain a significant volume of flammable gases and the
potential of the waste to release retained gas by a buoyant displacement gas release event.
Assignments of waste groups to tank wastes in the 177 double-shell tanks and single-shell tanks,
as reported in this document, are based on a Monte Carlo analysis of three criteria.

The first criterion is the headspace flammable gas concentration following release of retained
gas. This criterion determines whether the tank contains sufficient retained gas such that the
well-mixed headspace gas flammable gas concentration would reach 100% of the lower
flammability limit if the entire tank’s retained gas were released. If the volume of retained gas is
not sufficient to reach 100% of the lower flammability limit, then flammable conditions cannot
be reached and the tank is classified as a waste group C tank independent of the method the gas
is released.

The second criterion is the energy ratio and considers whether there is sufficient supernatant on
top of the saturated solids such that gas-bearing solids have the potential energy required to
break up the material and release gas. Tanks that are not waste group C tanks and that have an
energy ratio < 3.0 do not have sufficient potential energy to break up material and release gas
and are assigned to waste group B. These tanks are considered to represent a potential induced
flammable gas release hazard, but no spontaneous buoyant displacement flammable gas release
hazard. Tanks that are not waste group C tanks and have an energy ratio > 3.0, but that pass the
third criterion (buoyancy ratio < 1.0, see below) are also assigned to waste group B. Even
though the designation as a waste group B (or A) tank identifies the potential for an induced
flammable gas release hazard, the hazard only exists for specific operations that can release the
retained gas in the tank at a rate and quantity that results in reaching 100% of the lower
flammability limit in the tank headspace. The identification and evaluation of tank farm
operations that could cause an induced flammable gas release hazard in a waste group B (or A)
tank are included in other documents.

The third criterion is the buoyancy ratio. This criterion addresses tanks that are not waste

group C double-shell tanks and have an energy ratio > 3.0. For these double-shell tanks, the
buoyancy ratio considers whether the saturated solids can retain sufficient gas to exceed neutral
buoyancy relative to the supernatant layer and thercfore have buoyant displacement gas release
events. If the buoyancy ratio is > 1.0, that double-shell tank is assigned to waste group A. These
tanks are considered to have a potential spontaneous buoyant displacement flammable gas
release hazard in addition to a potential induced flammable gas release hazard.

In determining the final waste group for a tank, uncertainty in the input data parameters used in
the above calculations is accounted for by performing a Monte Carlo analysis. For each tank,
5,000 trial calculations of the waste group are performed using the criteria and method described
above. For each trial, the input data for the calculations are randomly selected from
pre-determined distributions that span the range of uncertainty in each parameter. The final
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waste group assigned to a tank is based on a 95% confidence level of the 5,000 trnials. If the tank
exhibits category C behavior at the 95% confidence level or for 95% of the trals, the tank is
classified as waste group C. If the tank exhibits category C behavior at less than the 95%
confidence level, but exhibits combined category C and category B behavior at more than 95%
confidence level, the tank is then classified as a waste group B tank. The remaining tanks, those
that exhibit category A behavior for greater than 5% of the trials, are placed in the waste group A
category.

Sensitivity studies of waste group assignments were also performed for the cases of water and
caustic additions to the waste tanks.

Revision 5 of this document incorporates the following changes:

Data has been updated to reflect RPP-5926, Steady-State Flammable Gas Release Rate
Calculation and Lower Flammability Level Evaluation for Hanford Tank Waste, Rev. 5
(Best-Basis Inventory effective date of September 21, 2005). Some tanks undergoing
retrieval-closure activities were re-evaluated based on a Best-Basis Inventory effective
date of February 1, 2006.

A rigorous peer review of all data, calculations, and software (spreadsheets) supporting
the calculations has been performed. Spreadsheet verification and description documents
have been produced for all spreadsheets that perform the data manipulation and waste
group calculations for this document revision in compliance with requirements for critical
spreadsheets as defined in TFC-ENG-DESIGN-C-32, Spreadsheet Development and
Verification.

A revision was made to the energy ratio equation to agree with the form currently used in
PNNL-15238, Predicting Peak Hydrogen Concentrations from Spontaneous Gas
Releases in Hanford Tank Wastes.

The buoyancy ratio calibration factor was recalculated based on PNNL-15238 and
RPP-5926, Rev. 5. PNNL-15238 is the most recent re-evaluation of all of the tank data
for those tanks that display buoyant displacement gas release event behavior in the tank
farms.

In response to issues identified in a 2004 assessment of the flammable gas waste group
calculation methodology, RPP-21336, Flammable Gas Waste Group Assessment
FY-2004-ENG-5-0133, the following changes were made:

— The methodology for calculating the nonconvective layer density has been modified
such that the nonconvective layer density always exceeds the convective layer density
in a given tank, thereby ensuring that nonphysical conditions are not predicted. A
method was employed in Revision 4 to relate the convective and nonconvective layer
densities. However, the method employed in Revision 4 did not effectively predict
possible spontaneous buoyant displacement flammable gas release hazard conditions
following waste transfers. The revised methodology for calculating the
nonconvective layer density for this revision is discussed in Appendix B.
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A change has been made to the dynamic distributions used to determine void fraction
to account for changes in the neutral buoyancy void fractions during the simulations.
This modification in the methodology overcame a calculation problem in Crystal
Ball' when the neutral buoyancy void fraction was less than or equal to the void
fraction distribution mean.

e In order to address the issues identified in PER-2006-0041, related to the techniques used
for the measurement of nonconvective waste layer depth and the use of that data in the
flammable gas waste group calculations, a review and compilation of sludge level
measurement data was undertaken for the 28 double-shell tanks. The data were evaluated
for bias between measurement techniques and revised mean values and associated
uncertainties were calculated for all double-shell tanks.

e Hydrogen generation rates from RPP-5926, Rev. 5, were updated to reflect the revised
solids levels for the double-shell tanks.

e Inresponse to peer review comments, the tank specific density uncertainties and
distributions presented in Revision 4 of this document have been revised. It was
determined that the tank specific standard deviations calculated in Revision 4 did not
account for transfers into or out of the tank and hence did not correlate with current tank
conditions. For this document revision, the published density relative standard deviations
for double-shell tanks and single-shell tanks from RPP-7625, Best-Basis Inventory
Process Requirements, have been adopted for the waste group calculations.

e The following changes were made in the data used for void fraction calculations:

In order to address issues identified with the quality of data used for barometric
pressure effect method calculations in previous revisions of this document, void
fraction distributions for tanks with less than 1 m of supernatant have been
recalculated using data from RPP-15488, Investigation of Tank Void Fraction Using
Liquid Level Response to Atmospheric Pressure Changes.

A minimum detection limit for small volumes of retained gas determined by the
barometric pressure effect method was incorporated into the void fraction
calculations.

In order to provide a reproducible documented basis for the void fractions used in the
waste group calculations for double-shell tanks 241-AN-107 and 241-SY-101, tank
specific void fractions were recalculated using recent tank level data.

o A change was made in the tank volume calculations to allow the waste height to go to
460 in. in 241-AP Tank Farm tanks to accommodate future planned tank fill height
increases.

! Crystal Ball is a trademark of Decisioneering, Inc., Denver, Colorado.
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In order to ensure that the flammable gas waste group calculations are not overly
constrained by unanticipated operations that would not be performed without further
evaluation, the waste group calculations were performed for a 500 gal caustic addition
rather than for a 10,000 gal caustic addition as has been the case in previous revisions of
this document. The 500 gal allowance is a reasonably generous allowance to
accommodate inhibited water additions for equipment flushes or the use of caustic for pit
cleaning etc. Additions greater than 500 gal are considered a large chemical addition and
will be evaluated on a case-by-case basis as needed.

The format of this document revision has been streamlined by excluding the voluminous
spreadsheet printouts found in previous document revisions. A summary of all
spreadsheets used is included in the main body of this document revision. Details of
those spreadsheets may be obtained from the new referenced spreadsheet description
documents.

Based on the data and methodology changes discussed above, the flammable gas waste groups
for 177 double-shell tanks and single-shell tanks have been recalculated. The following changes
in flammable gas waste group assignments result when compared with the current waste group
classification presented in HNF-IP-1266, Rev. Ob, Tank Farms Operations Administrative
Controls, Section 5.10a, “Waste Group Designations.”

One double-shell tank 241-AP-108, increased to waste group B from waste group C,
based primarily on new estimates of nonconvective waste height.

Six double-shell tanks, 241-AN-106 (HNF-IP-1266 waste group is based on a
compatibility study for C-farm tank transfers), 241-AW-103 (reduction in void fraction),
241-AW-106, 241-AY-102, 241-8Y-101, and 241-SY-102 have changed from waste
group B to waste group C tanks.

Three single-shell tanks have increased to waste group B from waste group C, primarily
as a result of re-evaluation of void fraction. The three tanks that have changed to waste
group B from waste group C are 241-S-104, 241-SX-104, and 241-T-201.

Eighteen single-shell tanks have reduced to waste group C from waste group B, primarily
as a result of re-evaluation of void fraction and for single-shell tank 241-S-102 alsc due
to retrieval progress. The 18 tanks that have changed to waste group C from waste

group B are 241-AX-101, 241-B-104, 241-B-105, 241-B-107, 241-BY-102, 241-BY-107,
241-BY-108, 241-S-102, 241-S-105, 241-S-106, 241-SX-105, 241-T-110, 241-TX-110,
241-TX-117, 241-TX-118, 241-U-103, 241-U-107, and 241-U-109.

The following additional changes and improvements will be included in the next annual revision
to this document.

Since the current condition of single-shell tanks precludes the formation of a waste
group A tank and since the tanks are inactive unless subject to retrieval, a routine annual
re-evaluation of the single-shell tanks will not occur in the future unless there is a
significant change in tank properties, as identified from a review of published Best-Basis
Inventory changes. The tanks will be re-evaluated prior to any planned retrieval activity.
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The density uncertainties used for the waste group calculations will be refined by use of
tank specific relative standard deviations, for inventories that are sample-based, based on
a new report to be published by the Best-Basis Inventory.

Improvements will be made in the void fraction data used for double-shell tank
calculations. Since all double-shell tanks are now fitted with an ENRAF gauge, alt

double-shell tanks will be evaluated using the barometric pressure effect method and tank
specific void fractions calculated when feasible.
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1.0 INTRODUCTION

Waste stored within tank farm double-shell tanks (DST) and single-shell tanks (SST) generates
flammable gas (principally hydrogen) to varying degrees depending on the type, amount,
geometry, and condition of the waste. The waste generates hydrogen through the radiolysis of
water and organic compounds, thermolytic decomposition of organic compounds, and corrosion
of a tank’s carbon steel walls. Radiolysis and thermolytic decomposition also generates
ammonia. Nonflammable gases, which act as ditutents (such as nitrous oxide), are also
produced. Additional flammable gases (e.g., methane) are generated by chemical reactions
between various degradation products of organic chemicals present in the tanks. Volatile and
semi-volatile organic chemicals in tanks also produce organic vapors. The generated gases in
tank waste are either released continuously to the tank headspace or are retained in the waste
matnx. Retained gas may be released in a spontaneous or induced gas release event (GRE) that
can significantly increase the flammable gas concentration in the tank headspace as described in
RPP-7771, Flammable Gas Safety Issue Resolution. Appendices A through H provide
supporting information.

1.1 GAS RETENTION IN SINGLE-SHELL TANKS AND
DOUBLE-SHELL TANKS

Studies have shown that some tanks store significant volumes of gas in their waste. Free gas can
accumulate in submerged solids, which are saturated. Convective fluid layers of waste do not
retain significant amounts of insoluble gases (e.g., hydrogen and methane) because bubbles rise
through liquid waste as fast as they are generated. Soluble gases (primarily ammonia) are also
dissolved in liquid waste; however, evaporation of dissolved ammonia is pronounced only when
a free liquid surface is freshly exposed or agitated.

Direct measurements of retained gas are not available for most tanks, Estimates of the amount of
retained gas stored in each DST and SST were made based on two indirect methods provided in
WHC-SD-WM-ER-526, Evaluation of Hanford Tanks for Trapped Gas. Based on
WHC-SD-WM-ER-526, only 49 of the 177 SSTs and DSTs were determined by the barometric
pressure effect (BPE) method to have trapped gas and, of these, only 15 tanks, including 4 DSTs
(241-AN-103, 241-AN-104, 241-AN-105, and 241-AW-104) stored relatively large volumes of
gas, greater than 10% of the solid waste volume. Sixty-eight tanks have so little waste that gas
retention is of little concern when released and mixed in the headspace because of the large
headspace dilution factor. However, both of the indirect estimation methods include significant
uncertainties, as described in WHC-SD-WM-ER-594, Evaluation of Recommendation for
Addition of Tanks to the Flammable Gas Watch List.

Uncertainties arise because the models are simplified and approximate the physical condition of
the waste in all DSTs and SSTs and because the data used lacks the precision necessary to make
estimates of the retained gas. Therefore, given the uncertainty in the methods and data, a
conservative assumption is that all the DSTs and SSTs retain gas in their saturated solid layers.
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Current estimates of retained gas used in this document are based on the void fraction in the
saturated solids of each tank considered. Void fraction distributions are based on all available
void fraction instrument (VFI) data, retained gas sampler (RGS) data, appropriate BPE data, and
similarities in waste type for the other tanks as described in Appendix A.

1.2 GAS RELEASE EVENTS

Gases released from the waste in a DST or SST in a nearly continuous manner can be managed
effectively by ventilation. However, it 1s much more difficult to manage when a significant
amount of the gas retained within waste is released relatively rapidly in a buoyant displacement
gas release event (BDGRE). The BDGREs were observed in six of the DSTs (241-AN-103,
241-AN-104, 241-AN-105, 241-AW-101, 241-SY-101, and 241-SY-103). Data regarding the
physics of GRE in the tanks is provided in Pacific Northwest National Laboratory (PNNL)
documents PNNL-11296, In Situ Rheology and Gas Volume in Hanford Double-Shell Waste
Tanks, and PNNL-11536, Gas Retention and Release Behavior in Double-Shell Waste Tanks.
The most recent estimations of released gas volumes are found in RPP-6655, Data Observations
on Double-Shell Flammable Gas Watchlist Tank Behavior. The large GRESs that occurred in
DST 241-SY-101 before they were mitigated by the mixer pump, and then remediated by
transfers and dilution, were unique in size and frequency. The largest release was the

December 4, 1991, GRE of 183 to 263 m® of gas (RPP-6655), or 39 to 56% of its retained gas
inventory.? The observed frequency of GREs in DST 241-SY-101, prior to remediation, was
every 80 to 150 days (RPP-6517, Evaluation of Hanford High-Level Waste Tank 241-SY-101).
In contrast, the total tank retained gas volumes (including transient and retained gas in the crust
and convective layer) and corresponding release fractions for the other five GRE DSTs based on
VFI and RGS data for these tanks are given in Table 1-1.

2 DST 241-SY-101 percent gas released is based on the following calculations. The high estimate is calculated
using the December 4, 1991, maximum calculated release volume, 263 m® (RPP-6655), with a retained gas volume
based on the post mixer pump retained gas volume at standard conditions, 195 m® (RPP-6655), corrected for the
difference in total waste height at the time of the GRE, 416 in. (height on December 4, 1991, from Personal
Computer-Surveillance Analysis Computer System) minus post mixer pump waste height of 399 in. (RPP-6517).
The volume of gas released by mixer pump operations is determined to be 177 n1’ ([416 in. — 399 in.] x 2,754 gal/in.
x 0.003785 m’/gal) corrected for pressure (i.e., 1.53 pressure ratio [RPP-6655]) to 271 m®, The conservative
retained gas volume at tank headspace conditions on December 4, 1991, is calculated to be 466 m (195 m +

271 m’). When the maximum calculated volume of gas released is divided by the calculated retained gas volume,
all volumes at headspace conditions, the calculated release volume is 56% of the retained gas volume (263 m®/
466 m’ ). Similarly, the calculated volume for the December 4, 1991, release is 183 m’, which corresponds 10 39%
(183 m*/466 m®) of the retained gas volume,

1-2
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Table 1-1. Total Tank Retained Gas Volumes and Corresponding
Release Fractions for Five Double-Shell Tanks.*

Total retained gas volume )
Tank 5 Release fraction
(Std. m’)
241-AN-103 393+64 0.02
241-AN-104 259+48 0.07
241-AN-105 202+68 0.15
241-AW-101 153+38 0.19
241-SY-103 198+86 0.12

Note:
*Source: Table ES-1 of RPP-7771, Flammable Gas Safety {ssue Resolution,
Rev. 0-A, CH2M HILL Hanford Group, Inc., Richland, Washington.

The uncertainties for the total retained gas volumes represent a2 95% confidence bound. The
release fractions were calculated by dividing maximum observed hydrogen release by total
retained hydrogen volume (RPP-7771). None of the gas releases in the DSTs, other than
DST 241-SY-101 prior to remediation, have been large enough to create flammable mixtures
after mixing in the tank headspace as described in RPP-6517 and RPP-7771.

A study of gas retention behavior of SST waste forms has narrowed the number of plausible
spontaneous release mechanisms to a few possibilities that are capable of only small releases
(less than 10 m® compared with 100 to 200 m® in DST 241-SY-101) and is discussed in
HNF-SP-1193, Flammable Gas Project Topical Report. Qbservation of a number of the most
active flammable-gas-retaining SSTs indicates that no large BDGRESs are occurring and that only
a few SSTs experience small spontaneous GREs. The typical spontaneous GRE in an SST has a
small release volume of tens of cubic feet of hydrogen and no release in the SSTs has been
observed with the “classic” BDGRE properties as described in RPP-7771 and RPP-7249, Data
and Observations of Single-Shell Flammable Gas Watch List Tank Behavior. The variation in
gas release volumes and fractions within the same tank are a good indication of tank waste
inhomogeneity and supports the use of uncertainty distributions for the modeling of this type of
behavior.

1.3  WASTE GROUPS FOR SINGLE-SHELL TANKS
AND DOUBLE-SHELL TANKS

Waste group assignments have been developed for the 177 DSTs and SSTs for application of
flammable gas controls. The SST and DST groupings are based on waste tank characteristics
and the propensity of the waste to experience a large BDGRE. Waste group selection criteria
were developed based on both empirical data and analytical concepts with the objective of
identifying and separating waste tanks into groups that posed similar GRE risks.
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The SSTs and DSTs are assigned to one of three groups as described below:

Waste Group C: Tanks with no potential GRE flammable gas hazard. That is, tanks
that are conservatively estimated to contain insufficient retained gas to achieve 100% of
the lower flammability limit (LFL), even if all of the retained gas is released into the tank
headspace.

Waste Group B: Tanks with a potential induced GRE flammable gas hazard, but no
potential spontaneous BDGRE flammable gas hazard. That is, tanks that are
conservatively estimated to contain sufficient retained gas to achieve 100% of the LFL if
all of the retained gas is released into the tank headspace, but are not waste group A tanks
(see below).

Note : Potential induced GRE flammable gas hazards exist in waste group B (and A)
tanks only for specific operations that can release the retained gas in the tank at a
rate and quantity that results in reaching 100% of the LFL in the tank headspace.
The identification and evaluation of tank farm operations that could cause an
induced flammable gas release hazard in a waste group B (or A) tank are included
in other documents.

Waste Group A: Tanks with a potential spontaneous BDGRE flammable gas hazard in
addition to a potential induced GRE flammable gas hazard. That is, tanks that are
conservatively estimated to achieve a flammable gas concentration of 100% of the LFL
in the tank headspace if all of the retained gas is released from a spontaneous BDGRE.
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2.0  WASTE GROUP SELECTION CRITERIA

2.1 CRITERIA USED TO ASSIGN TANKS TO A WASTE GROUP

The waste parameters or combinations of waste parameters that are used to assign individual
SSTs and DSTs to waste groups are as follows.

Headspace Flammable Gas Concentration Following Release of Retained Gas: This
criterion determines whether the tank contains sufficient retained gas such that the well-mixed
headspace gas flammable gas concentration would reach 100% of the LFL if the entire tank’s
retained gas were released. If there is not sufficient retained gas to reach 100% of the LFL, then
flammable conditions cannot be reached and the tank is classified as a waste group C tank
independent of the method the gas is released.

The saturated settled solids depth® and gas volume fraction distribution can be used to determine
whether there is sufficient retained gas in the waste to cause the tank headspace to become
flammable if the gas was all released at once. The sediment gas volume fraction may be
determined using void fraction data, assigned conservative bounding values, or conservatively
calculated as the neutral buoyancy gas fraction (for tanks with liquid-over-sediment waste
configuration). This calculation can be used as a quick screen for determining whether a tank
poses a potential GRE hazard and does not model expected tank behavior. Equations 1, 2, and 3
are used to make these calculations relating to headspace flammable gas concentration criterion.

In Equation 3, the pressure on the retained gas is determined. The slightly conservative
assumption is made that the gas is stored as particle-displacing bubbles (hydro-dendritic bubbles
or lithostatic conditions). The depth of the crust, if continuous across the surface, is added to the
convective layer depth to determine the pressure contribution from these layers. Because the
amount of crust floating above the liquid is not measured, the full crust level is used in the
pressure calculation. In addition, it is assumed that the crust has the same density as the
convective layer. For tanks with a noncontiguous crust and for which the convective layer
surface level is known, there is no need to add the depth of the crust, since the effect of the crust
layer would be included in the convective layer surface level.

3 Saturated settled solids depth is considered in the retained gas volume determination versus the depth of solids
saturated with liquid. The difference is that the volume of saturated solids in a floating crust layer is not included.
This simplification is reasonable for several reasons. First, the existing crusts in the DSTs are less than 1 m thick
(Appendix H) and only approximately one half of this depth is saturated with liquid and capable of retaining
flammable gas. Second, the retained gas within the crust does not have the same pressure head as the retained gas
within the main body of solids, because the liquid layer, which contributes a significant portion of the retained gas
pressure head, is below the crust layer. The effective head pressure on the retained gas in the settled solids ranges
from 1.7 to 2.3 atmospheres (RPP-6655) when compared to the head pressure on the crust retained gas of about

1 atmosphere. These considerations indicate that the crust’s retained gas volume at headspace conditions is small
relative to the settled solids retained gas volume. Finally, floating crusts are currently only found in waste group A
tanks and would have no impact on the final classification of the tank.
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Retained Gas Flammability at Headspace Criterion %LFLys : %LFLyg > 100%

- ( Hohe |, [CH), | NH L, ]VGWNF o
%LFL,, %LFL_., %LFL,, Vis
Where
PH.S" TWNCL
Pyncr = Pus + P *8* (He +Heg +0.5%Hyyer) 3)
%LFLcya = methane concentration at 100% LFL (5.0 vol%)
%LFLy, = hydrogen concentration at 100% LFL (4.0 vol%)
%LFLys = headspace flammable gas concentration following gas release
%LFLnys = ammonia concentration at 100% LFL (15.0 vol%)
{CHs]lrc = methane concentration in the retained gas in nonconvective layer (vol%)
[Halre = hydrogen concentrations in the retained gas in nonconvective layer (vol%)
[NHilJrg = ammonia concentration in the retained gas in nonconvective layer (vol%)
A = cross-sectional area of tank (mz)
FGarelease = fraction of gas released {(assumed to be 100%)
g = gravity acceleration 9.806 m/sec’
Her = height of the liquid (convective) layer (m)
Heg = height of the crust layer (m)
Hwner = height of liquid saturated nonconvective layer (m)
Pus = pressure in tank headspace and assume the pressure is 1 atm = 101,325 Pa

(or N/'m?)
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Pwner = calculated representative retained gas pressure in saturated settled solids
layer in atm or Pa (N/m?)

Tus = representative temperature of headspace of waste tank (K)

Twner = representative temperature of saturated settled solids layer (K)

VFwncL = representative void fraction in saturated settled solids layer

VGwner = calculated volume of gas retained in the saturated settled solids layer at
headspace conditions (m*)

Vus = volume of headspace of waste tank after gas release (mg)

PcL = density of convective layer (kg/m?).

Note 1: Temperatures used are the maximum daily average layer temperatures recorded
over the previous 12 months within the solid waste or within the vapor space as
appropriate and are obtained from RPP-5926, Rev. 5.

Note 2: The dilution of released gases by water vapor is not considered.

Note 3: Uncertainty distributions are utilized to account for the scatter of retained gas
volumes in the waste and uncertainty in the solid volumes. Void fraction
distributions are based on all available VFI data, RGS data, and appropriate
BPE data.

Energy Ratio: The presence of a significant supernatant layer introduces the possibility of
BDGRE:s. The supernatant layer depth can be utilized as a criterion for determining
susceptibility to BDGRESs by using a term called “energy ratio™ as described in PNNL-11296.
The waste in tanks with supernatant layers below an energy ratio threshold of about 3 is not
expected to contain sufficient energy to release gas during a buoyant displacement event.

If a tank’s waste fails the retained gas volume criterion, the energy ratio criterion is applied. The
process of gas release from a gob undergoing buoyant displacement requires that sufficient
energy be released to disrupt the waste surrounding the bubbles to allow them to escape as the
gob reaches the waste surface. The amount of energy available is directly proportional to the
depth of the supernatant through which the gob rises.

The energy ratio is the ratio of the buoyant potential energy of the gas-bearing gobs to the energy
required to yield the waste and release gas from those gobs participating in buoyant
displacements. The depth of the convective layer above a nonconvective layer in a tank’s waste
determines whether gas retained in gobs from the saturated nonconvective layer can be released.

Equations 4, 5, and 6 are used to make energy ratio calculations. If the energy ratio for the waste
in a DST or SST is less than 3, for a tank that can reach 100% of the LFL in the headspace based
on the calculation in Equation 1, then that tank is classified as a waste group B tank. The DSTs
that fail both the retained gas volume criterion and the energy ratio criterion are examined for
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tendencies to have spontaneous BDGREs. The criterion comparison value of 3 accounts for the
energy needed to overcome the yield stress, plus a factor to account for energy lost through other
processes during the gas release. Based on experimental observations and tank behavior, some
gas can be released when the energy ratio exceeds 3, and release of a large fraction of stored gas
can occur when the energy ratio exceeds 5. Although the effect of the critical void fraction is
discussed in PNNL-13782, Analysis of Induced Gas Releases During Retrieval of Hanford
Double-Shell Tank Waste, it requires knowledge of the value for the yield stress, which is
accurately known only in tanks where the ball rheometer has been used for in-situ determinations
of yield stress. In tanks where this value has not been measured, the uncertainty introduced by
estimating this value is not justified, and the neutral buoyancy void fraction is used. In addition,
for weak waste, the critical void fraction approaches the neutral buoyancy void fraction.

Energy Ratio Criteria ER: ER <3.0

ER=( (1_:“)1* P"S*E ]*((l+%)*ln(l+y)—1} @)

where
_Pa*g*(Hy +Hey)

. (5)

PHS
PwneL

ER = energy ratio, the ratio of the buoyant potential energy of the gas-bearing
gobs to the energy required to yield the waste and release gas from those
gobs participating in buoyant displacements

g = gravity acceleration, 9.806 m/sec”

Heo = height of the liquid (convective) layer (m)

Her = height of the crust layer (m)

Pus = pressure in tank headspace, assuming the pressure is 1 atm = 101,325 Pa
(or N/mz)

ONB = calculated or measured neutral buoyancy of saturated settled solids layer
relative to the convective layer on top of it (calculated neutral buoyancy is
one minus the ratio of convective layer density to saturated non-convective
layer density)

¥ = calculated ratio of pressure head of convective layer in a waste tank to the

headspace pressure, which is assumed to be one atmosphere
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ooy = density of convective layer (kg/m3 )

pwnel = density of saturated non-convective layer (kg/m’)

TwncL = representative yield stress of saturated non-convective layer (Pa)
Ey = nonconvective layer strain at failure (assumed to be 1).

Only saltcake/salt siurry tanks have exhibited BDGRE behavior. For reasons given in
Section 2.4, the energy ratio is considered valid for both saltcake/salt slurry and sludge tanks.

An energy ratio of 3 is the decision criterion currently specified in PNNL-13781, Effects of

Globally Waste-Disturbing Activities on Gas Generation, Retention, and Release in Hanford
Waste Tanks.

Buoyancy Ratio: This is a semi-empirical relation presented in PNNL-13337, Preventing
Buoyant Displacement Gas Release Events in Hanford Double-Shell Waste Tanks, and updated
in PNNL-15238, Predicting Peak Hydrogen Concentrations from Spontaneous Gas Releases in
Hanford Waste Tanks, which estimates the average waste gas fraction based on a balance of gas
generation and background release. The buoyancy ratio represents the average saturated settled
solids (nonconvective) layer gas fraction divided by the neutral buoyancy gas fraction. This
physics-based buoyancy model was developed from the theory of bubble transport. This model
predicts whether there is sufficient gas build up in the saturated settled solids layer in a DST to
make gobs of waste buoyant and produce BDGREs (PNNL-13337). If the average void fraction
in the saturated settled solids layer of waste is less than the neutral buoyant void fraction, a
BDGRE cannot occur. Conversely, an average void fraction greater than the neutral buoyant
void fraction predicts that BDGRESs will occur prior to reaching steady state. The ratio of the
average steady-state void fraction to the neutral buoyant void fraction for the case of constant
nucleation is given by Equation 7. The constant in the numerator of the first factor is adjusted so
that the minimum buoyancy ratio for DSTs experiencing BDGREs is 1.00. In this report, DST
241-AN-103 i1s used to calculate the constant.

Buoyancy Ratio Criterion BR: BR <1

HGWNCL
* T,
o= ( - ]* [ 2]RG * HWNCL2 M
Pwner, —Pcr Pynce
[Ha)re = hydrogen concentrations in the retained gas in nonconvective layer (vol%)
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BR = buoyancy ratio, the average saturated settled solids layer gas fraction divided
by the neutral buoyancy gas fraction. This ratio predicts whether there is
sufficient gas buildup in the saturated settled solids layer in a DST to make
gobs of waste buoyant and produce BDGREs

CF = calibration factor contains all the constants along with unknowns, determined
empirically from tank data [set to 1,075 (kg/m”) (day-Pa/mole-K)"”* or
23.059 (kg/m*) (day-atm/mole-K)'"]

HGwnee = hydrogen generation rate (HGR) in saturated settled solids layer
(moles/m’/day)

Hwner = height of liquid saturated non-convective layer (m)

PwxeL = calculated representative retained gas pressure in saturated settled solids layer

in atm or Pa (N/mz)

Twner = representative temperature of saturated settled solids layer (K)
pcL = density of convective layer (kg/m’)
PwNCL = density of saturated non-convective layer (kg/m’).

Note 1: Temperatures used are the maximum temperatures recorded over the previous
12 months within the solid waste or within the vapor space as appropriate and
are obtained from RPP-5926, Rev. 5.

Note 2: Uncertainty distributions are utilized to account for the scatter of retained gas
volumes in the waste and uncertainty in the solid volumes. Void fraction
distributions are based on all available VFI data, RGS data, and appropriate
BPE data.

Note 3: The calibration factor (CF) is (3/16)(N*” R'” m./(SKg)) and includes the
parameters N (the bubble nucleation rate per unit volume}), R (the gas constant),
m. (the slope of the yield stress versus depth curve representing the ball
rheometer data), S (the proportionality constant in Stokes flow), K (the
unknown proportionality constant between the unknown effective viscosity and
the yield stress), and g (acceleration due to gravity).

Note 4: The total gas generation, G, in buoyancy ratio {Equation 7) is estimated by the
HGR divided by the fraction of hydrogen generation. However, the data of
hydrogen fraction in retained gas is used because of the lack of data on the
hydrogen generation fraction in total gas generation.

Traditionally, other criteria, such as the Estey Criteria described in WHC-SD-WM-TI-755, 4An
Analysis of Parameters Describing Gas Retention/Release Behavior in Double Shell Tank Waste,
and waste specific gravity have been used to predict BDGRE behavior in the DSTs (RPP-6517).
The buoyancy ratio includes as input parameters the layer depths and densities making up the
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average specific gravity of the waste that are the basis of the Estey criterion. However, it also
includes the other terms that model the underlying physics of BDGRE behavior (PNNL-13337).
In application, this model accurately separates the known BDGRE and non-BDGRE tanks with
current data. For these reasons, the buoyancy ratio is considered the best discriminator for
BDGRE behavior. Use of the other criteria along with the buoyancy ratio does not improve the
overall accuracy of the prediction.

The buoyancy ratio criterion is not applicable for SSTs since it is a semi-empirical relation based
on BDGRE experience in DSTs. Therefore, large water additions (> 10,000 gal for 100-series
tanks, > 1,000 gal for 200-series tanks) to SSTs that could lead to failing the first two criteria
(i.e., retained gas volume and energy ratio) are prohibited until re-evaluated. This prevents the
creation of an SST with an unknown and unanalyzed GRE flammable gas hazard.

The buoyancy ratio model is very sensitive at conditions where the convective layer and
nonconvective layer densities are very close., Layer buoyancy is very dependent on the amount
of gas required to balance (or overcome the balance of) the densities of the two layers.
Physically, as the densities of the two layers invert, the nonconvective layer will become buoyant
and will rise to the surface releasing its gas. It should be noted that the nonconvective layer also
has to have sufficient potential energy to overcome the yield strength of the solid particles to
release as a gob.

2.2 SELECTION OF BUOYANCY RATIO
CALIBRATION FACTOR

The buoyancy ratio was developed to describe the relationship between DSTs that historically
exhibited BDGRE behavior. It was found that tanks exhibiting BDGRE behavior have a
relationship between the average saturated settled solids layer gas fraction and the neutral
buoyancy gas fraction that is greater than the ratio of these values determined for tanks that never
exhibited BDGREs. This buoyancy ratio is used to predict whether there is sufficient gas
buildup in the saturated settied solids layer in a DST to make gobs of waste buoyant and produce
BDGREs. It was determined that tanks with documented BDGREs would have buoyancy ratios
greater than 1 (where the calibration factor was set such that the lowest buoyancy ratio for a tank
exhibiting BDGRE behavior would be unity) (PNNL-13337).

The buoyancy ratio calibration factor is set based on the median properties for each DST which
exhibits BDGRE behavior. However, whether or not a tank is classified as a waste group A tank
is based on the 95% confidence level for a given set of current tank conditions (the Monte Carlo
analysis). The methodology for calculating convective layer densities has changed since the
1990s and has been incorporated in the rebaselined buoyancy ratio calibration factor. In
addition, there have been some changes in the method used to determine the convective layer
specific gravities due to adjustments when dealing with solids that precipitate upon sample
cooling after removal from the tank. The results of this calibration factor determination will be
used for all future waste group analyses unless there is a significant change in the buoyancy ratio
formula.
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For this analysis, the data in Table 2-1 is taken from the following sources: the total waste depth
(RPP-6655), the nonconvective layer depth (PNNL-15238), the crust depth (RPP-6655), the
convective layer depth (by difference), the layer densities (PNNL-15238), and the HGRs
(RPP-5926, Rev. 0). In addition, the yield stress data and the percent void information are based
on information currently used in this document. It was attempted to use the most representative
data for the BDGRE tanks. Unfortunately, there is no single source that contains a complete
waste data set in the form required for RPP-10006. The data provided in Table 2-1 1s believed to
be the most accurate property data for the BDGRE tanks and is used to determine the buoyancy
ratio calibration factor. This data was first used to find the BDGRE tank with the lowest
buoyancy ratio and then the calibration factor was adjusted until the buoyancy ratio calibration
factor equaled 1. DST 241-AN-103 was determined to be the BDGRE tank with the lowest

buoyancy ratio. The calibration factor was tuned to 1,075 (kg/m*) (day-Pa/mole-K)

13 where the

buoyancy ratio for 241-AN-103 equaled 1. The results of the buoyancy ratio calculation for all
the five historical BDGRE tanks are presented in Table 2-1. Table 2-2 compares the buoyancy
ratio for the five current waste group A tanks calculated using the calendar year 2000 data used
to derive the calibration factor to the buoyancy ratio calculated with the calibration factor of
1,075 and with the current BBI and RPP-5926, Rev. 5, data to illustrate how the buoyancy ratio
is decreasing with time. A significant portion of the decrease is due to radioactive decay as time

passes.
Table 2-1. Data Specific to Buoyancy Ratio Calibration. (3 sheets)
Median Total
buoyancy ratio Total waste Tot(;al waste UL . nonconvective
. epth nonconvective
Tank with depth . waste depth
. . 2 uncertainty waste depth .
calibration (m) (m)® (m)° uncertainty
factor = 1075 = (m)°
241-AN-103 1.00 8.84 0.080 3.79 0.290
241-AN-104 1.75 9.79 0.035 3.96 0.310
241-AN-105 213 10.41 0.050 4.36 0.154
241-AW-101 1.46 10.40 0.100 2.89 0.287
241-SY-103 1.87 6.91 0.065 3.26 0.395
Total Wetted Wetted
. Wetted ] q n
nonconvective e iy . nonconvective nonconvective Convective
Tank waste depth waste depth waste depth waste depth
waste depth i f
lower bound (m)° uncertainty lower bound (m)
(m)° (m)° (m)*
241-AN-103 0.010 3.79 0.290 0.010 4.17
241-AN-104 0.010 3.96 0.310 0.010 5.42
241-AN-105 0.010 4.36 0.154 0.010 5.60
241-AW-101 0.010 2.89 0.287 0.010 6.71
241-SY-103 0.010 3.26 0.395 0.010 3.07
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Convective M 1 Convective Convective Convective
waste depth can crus waste density waste density waste density
Tank . depth .
uncertainty (m)’ mear; std d(;v mm;
(m) (kg/m’)® (kg/m’)® (kg/m')*
241-AN-103 NA 0.89 1,497 34 1,390
241-AN-104 NA 0.41 1,403 34 1,339
241-AN-105 NA 0.45 1,417 46 1,330
241-AW-101 NA 0.80 1,443 39 1,370
241-8Y-103 NA 0.58 1,474 46 1,352
Convective Convective Nonconvective | Nonconvective | Nonconvective
Tank waste density waste density waste density waste density waste density
an max dist mean std dev min
(kg/m’)? (kg/m’)" (kg/m’y (kg/m’*) (kg/m’)’
241-AN-103 1,559 Normal 1,733 106 1,590
241-AN-104 1,500 Normal 1,578 45 1,520
241-AN-105 1,534 Normal 1,585 45 1,520
241-AW-101 1,524 Normal 1,570 27 1,540
241-8Y-103 1,529 Normal 1,592 40 1,510
Void percent Void percent Void percent
Nonconvective | Nonconvective or maximum or maximum or maximum
waste density waste density wetted solids wetted solids wetted solids
Tank . . . o
max dist void percent void percent void percent
(kg/m’)’ (kg/m’)" mean uncertainty minimum
(%) (%)’ (%Y
241-AN-103 1,930 Normal 10.700 5.35 0.01
241-AN-104 1,710 Normal 6.200 3.1 0.01
241-AN-105 1,660 Normal 4.200 2.1 0.01
241-AW-101 1,600 Normal 4.700 2.35 0.01
241-SY-103 1,634 Normal 6.000 3.000 0.00
Void percent Void percent
or maximum or maximum Nonconvective | Nonconvective | Nonconveetive
T wetted solids wetted solids waste yield waste yield waste yield
ank . . .
void percent void percent stress mean stress std dev stress min
maximum dist type (Pa)* (Pa)* (Pa)'
(%) (%)
241-AN-103 15.11 Normal 144 13.87 88.52
241-AN-104 15.11 Normal 144 13.87 88.52
241-AN-105 15.11 Normal 144 13.87 88.52
241-AW-101 15.11 Normal 144 13.87 88.52
241-8Y-103 15.11 Normal 144 13.87 88.52
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Table 2-1. Data Specific to Buoyancy Ratio Calibration. (3 sheets)

Hydrogen
H q Hydrogen
. s ydrogen generation rate .
Nonconvective | Nonconvective q q generation rate
; . generation rate in - :
T wastie yield waste yield . . 5 in nonconvective
ank q in nonconvective [ nonconvective
stress max stress dist type waste
— K waste waste
(Pa) (Pa) 3 n » max
{moles/m’/day) min (moles/m’/day)”
(moles/m*/day)° y
241-AN-103 199.48 Normal 1.26E-03 6.30E-04 2.52E-03
241-AN-104 199.48 Normal 1.62E-03 8.09E-04 3.24E-03
241-AN-105 199.48 Normal 2.02E-03 1.01E-03 4.04E-03
241-AW-101 199.48 Normal 1.82E-03 9.08E-04 3.63E-03
241-8Y-103 199.48 Normal 1.68E-03 8.38E-04 3.35E-03
Notes:

? Source is RPP-6655, Table 5.1.

® Source is RPP-6655, Table 5.1. One-half of crust layer uncertainty (it is assumed that the crust is 50%
submerged and only one-half of the uncertainty would be applied to the total waste depth).
¢ Source is PNNL-15238, Table 3.6.
4 Value assumed to keep Monte Carlo within positive range.
® Value is set to the non-convective waste depth for tanks with a convective waste layer.
" Calculated by difference.
E Source is PNNL-15238, Table 3.2.
"' It is assumed that the density samples are from a Normal distribution.
" Source is PNNL-15238, Table 3.3.
! Appendix D, Table D-13.

* Appendix F.

! Mean - (4 x standard deviation.)

™ Mean + {4 x standard deviation.)
” Source is RPP-5926, Table A-3, converted to proper units.
®HGR(mean) / 2.
P HGR(mean) x 2.

PNNL-15238, 2005, Predicting Peak Hydrogen Concentrations from Spontaneous Gas Releases in Hanford
Waste Tanks, Rev. 0, Pacific Northwest National Laboratory, Richland, Washington.

RPP-5926, 2000, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste, Rev. 0, CH2ZM HILL Hanford Group, Inc., Richland, Washington.

RPP-6655, 2000, Data Observations on Double-Shell Flammable Gas Watchlist Tank Behavior, Rev. 0,
CH2M HILL Hanford Group, Inc., Richland, Washington.

NA

= not applicable.
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Table 2-2. Comparison of Buoyancy Ratio Results For Calibration Test and the Most Recent
Tank Data for the Five Current Waste Group A Tanks.

Median buoyancy ratio with Median buoyancy ratio with
Tank calibration factor =1,075 calibration factor = 1,075
CY 2000 calibration data RPP-5926, Rev. 5, data
241-AN-103 1.00 0.82
241-AN-104 1.75 1.59
241-AN-105 2.13 1.75
241-AW-101 146 0.94
241-8Y-103 1.87 1.13

Notes:
RPP-5926, 2005, Steady-State Flammable Gas Release Rate Caiculation and Lower Flammability Level
Evaluation for Hanford Tank Waste, Rev. 5, CH2M HILL Hanford Group, Inc., Richland, Washington.

CY =calendar year.

2.3 EXPLANATION OF HOW CRITERIA ARE USED

First the retained gas criterion is applied. If there is not enough retained gas in the waste to allow
the tank headspace to reach 100% of the LFL, the tank “passes” and is classified as a waste
group C tank. No further calculations are performed. If there is sufficient retained gas in the
waste to allow the tank headspace to reach 100% of the LFL, the tank “fails.” The retained gas
criterion determines either that a tank is a waste group C tank (passes criterion) or it is a waste
group A or B tank and the next criterion must be applied.

The energy ratio criterion is used next. The energy ratio criterion is the ratio of the buoyant
potential energy for gas-bearing gobs to the energy required to yield the waste and release gas
from those gobs participating in buoyant displacements. If the ratio is less than 3, the tank
“passes” the criterion, the tank is classified as a waste group B tank, and no further calculations
are performed. If the energy ratio is equal to or greater than 3, the buoyancy ratio criterion is
applied. Failing the energy ratio criterion does not make a tank a BDGRE tank. It only says that
there is enough buoyant potential energy to support a BDGRE if all the other factors are present.
A tank that fails the energy ratio criterion is still a waste group A or waste group B tank and the
next criterion is evaluated.

The buoyancy ratio criteria separates the waste group A and waste group B tanks. This criterion
predicts whether there is sufficient gas buildup in the saturated settled solids layer in a DST to
make gobs of waste buoyant and produce BDGREs. If the answer is yes, the tank “fails” and is
classified as a waste group A tank. If the answer ts no, the tank passes and is classified as a
waste group B tank.
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24  APPLICATION OF DATA TO SLUDGE TANKS

In 1996, PNNL-11391, Gas Retention and Release Behavior in Hanford Single-Shell Waste
Tanks, reported the results of investigations into the gas retention and release behavior of SSTs.
It was reported that, given the proper configuration of the materals in the tank, a buoyant
displacement was possible in sludge-type materials. In practical experience at the Hanford Site,
BDGRESs have only been observed in tanks containing saltcake/salt slurry wastes with overlaying
supernatant liquid.

The findings (PNNL-11391) were based on bench-scale experiments using Bentonite clay as a
simulant for SST sludge materials. The tank used in the experiments was 27 cm in diameter. In
the experiment, gases retained in the solids and driving the BDGREs were generated relatively
quickly using the decomposition of hydrogen peroxide. The bench-scale observations were then
used in the development of the energy ratio criterion, which was found to be applicable to tanks
with a significant supernatant layer. When the energy ratio was applied to Hanford DST waste,
it was found to be a good predictor of the energetics of buoyant displacements.

The only Hanford tanks to exhibit BDGRE behavior as predicted by the buoyancy ratio are tanks
containing saltcake/salt slurry wastes. Because the Hanford tanks containing sludge materials
have not historically warranted additional investigation into their behavior with respect to
flammable gas retention and release, there is very little data pertaining to these tanks. It has not
been demonstrated that the BDGRE prediction criteria, the energy ratio and the buoyancy ratio,
apply to the sludge tanks. However, because the original experiments from which the theory of
buoyant displacements was developed used sludge simulants, it is assumed that applying the
energy criteria will provide a conservative estimation of the propensity of the studge wastes to
exhibit BDGRE behavior.

The buoyancy ratio has been developed using the physics of gas retention and release
independent of waste type. The use of the buoyancy ratio to evaluate sludge tanks at the Hanford
Site has only predicted non-BDGRE behavior in sludge tanks correctly. Since BDGRESs are
absent in sludge tanks, no method is available to calibrate the buoyancy ratio model to include
sludge wastes. The effect of waste type is reflected by the calibration of the model, which is
done on the set of salicake/salt slurry BDGRE tanks at the Hanford Site.

2-12



Page 33 of 198 of DA03081917

RPP-10006 REV 5

3.0 CALCULATIONAL METHODOLOGY

Data on tank wastes is available from a variety of sources. Regardless of the database where
data is extracted, tank waste information has a degree of uncertainty associated with its value.
The size of property or measurement uncertainty is affected by a number of factors, such as the
heterogeneous nature of the waste, uncertainties due to the analysis methodology and measuring
devices, and incomplete or missing data. In order to account for uncertainty in the data, the
values used in this study have been assigned distributions that reflect the uncertainty in the
estimation of the various tank waste properties. To perform the calculations necessary to utilize
data expressed as distributions, a statistical method known as the Monte Carlo methodology was
utilized in this study.

3.1 MONTE CARLO METHODOLOGY

The Monte Carlo methodology is a statistical calculation method. In this method, parameters
expressed as distributions are sampled repeatedly and the single-point calculation is run many
times to produce a result that is a distribution accounting for the ranges of all of the individual
data parameters. In the Monte Carlo analysis, the analyst selects the number of simulation runs
to perform, ‘n’. A random number table is produced, which allows the calculation to select ‘n’
discrete values from a given input distribution. These values are then used in ‘sampled’ order to
perform the calculation. This process is repeated for each distribution in the calculation. After
this selection is completed, ‘n’ values have been selected from each distribution. If ‘n’ is
sufficiently large, the frequency of the selected values mirrors the frequency of the values in the
original distribution. The ‘sampled’ values are then used in the order of selection (not in
numerical order) in the single-point calculation. The results of the ‘n’ single-point calculations
form a distribution that will reflect the combined uncertainties from the original data. One of the
advantages of the Monte Carlo simulation is that bounding property data can be used in the
evaluation, but the likelihood of bounding data for all properties to be used simultaneously is
very small, therefore, physically unrealistic conditions are less likely to be the basis for a
decision.

A confidence level of 95% was chosen for the selection criteria prior to the start of the evaluation
in order not to presuppose the result of this analysis. Selecting a confidence level allows
bounding property data to be used in the evaluation. While the likelihood of a Monte Carlo
simulation result using bounding data for all properties simultaneously is very small, providing a
confidence level will limit decisions based on combinations of many physically bounding
condittons. On the other hand, the possibility of making a nonconservative waste group
assignment is reduced by the conservative assumption that 100% of the gas is released. Past
experience with all tanks indicates that the largest observed gas release is on the order of 56% of
the retained gas (see Section 1.2). Except for releases from DST 241-SY-101 (preremediation),
the largest gas release reported in RPP-7771 was 19% in DST 241-AW-101 (see Section 1.2,
Table 1-1).

3-1
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3.2 RANDOM NUMBER SEED SENSITIVITY TEST

This evaluation includes distributions with uncertainties for 13 parameters. The uncertainty
accounts for variability in waste measurements, waste properties, and retained gas volumes and
compositions. Each analysts is performed with 5,000 trials. This involves 5,000 randomly
sampled values from each of the 13 distributions for a total of 65,000 data points. These values
are then combined in the order they are sampled and are used in the model calculation to create a
population of results with 5,000 answers that are combined to produce the result distributions. If
the number of runs selected is large enough, the results of the Monte Carlo simulation can be run
many times with different sets of randomly selected values and the resulting distribution will
vary within limits acceptable to the analysis. To test the stability or reproducibility of the model,
DST 241-SY-103 and SST 241-TX-105 were selected for evaluation. These tanks are the tanks
closest to the boundary between waste groups A and B for DSTs and B and C for SSTs,
respectively,

The stability test checks the operation of the model using different “seed” numbers from the
random number generation algorithm. This study ran the DST 241-SY-103 and

SST 241-TX-105 models 50 times each, with 5,000 trials per run. Fifty 5,000-trial runs equates
to 250,000 trials using 3,250,000 data points.

The initial analysis (5,000 trials) for DST 241-SY-103 resulted in 2.38% of the trials indicating
tank 241-SY-103 is a waste group A tank, 5.6% indicating waste group B, and 92.02% indicating
waste group C. Since less than 95% of the trials were classified as a waste group C tank, DST
241-SY-103 would not be a waste group C tank but would be either a waste group B or waste
group A tank. Since less than 5% of the trials indicated the tank would be a waste group A tank,
DST 241-8Y-103 would be classified as a waste group B tank. The stability test gave a mean
value of 2.33% waste group A and a median value of 2.33% waste group A. The range of results
of 0.76% (1.96% A to 2.72% A) for 5,000 trials is adequate for a screening criteria. Based on
the stability test, DST 241-SY-103 would be classified as a waste group B tank 50 times; the
tank would be classified as a waste group A tank for the “as is” case zero times. As a further
stability test, 25 runs, with 50,000 trials per run, were performed. This test gave a mean and
median value of 2.33% and 2.35% waste group A. The range of results was reduced to 0.24%
(2.18% A to 2.42% A) for the 25 50,000 trial runs. Table 3-1 summarizes the stability tests for
this tank.

The results for SST 241-TX-105 are shown in Table 3-1. The initial analysis (5,000 trials) for
SST 241-TX-105 resulted in 95.04% of the trials indicating that tank SST 241-TX-105 is a waste
group C tank. The stability test gave a mean value of 94.64% waste group C and a median value
of 94.65% in waste group C, thus the conclusion of the stability test is that SST 241-TX-105 is a
waste group B tank. The range of the results of the stability test for SST 241-TX-105 is about
1.2% (94.00% C to 95.20% C).
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Table 3-1. Stability Test Results.

Tank DST 241-8Y-103 SST 241-TX-105

Value tracked Confidence level tank is a waste Confidence level tank is a waste
group A tank group C tank

Initial run 2.38 (this value is less than the 5 95.04 (this value is more than the 95
required to classify this tank as a required to classify this tank as a
waste group A tank) waste group C tank)

“As jis” “As is”

Number of repetitions 50 50

Number of trials per repetition 5,000 5,000

Mean 233 94.64

Median 2.33 94.65

Standard deviation 0.18 0.27

Minimum 1.96 94.00

Maximum 2.72 95.20

Range of results 0.76 1.20

Number of repetitions 25

Mean 3.3¢

Median 235 NA

Minimum 2.18

Maximum 2.42

Range of results 0.24

Notes:

The confidence level that DST 241-SY-103 is a waste group A tank is less than 5%.

DST = single-shell tank.
NA =not applicable.
SST =single-shell tank.

Based on the range of results for both DST 241-SY-103 and SST 241-TX-105, any screening run
result that 1s within 1.5 percentage points (the maximum range rounded up to the nearest 0.5%)
of 95% or within 1.5 percentage points of 5% if testing for waste group A, should be rerun with
50,000 trials. In the second run of 50,000 trials, any case within 0.5 percentage points of 95%
(or 5% for waste group A) (the range rounded up to the nearest 0.5%) should be classified as the
more conservative waste group.

As a result of these sensitivity studies and the uncertainty of the results, any result testing for
waste group B or C, DST or SST, within 1.5 percentage points of 95% (between 95 to 96.5%)
should be rerun using 50,000 trials. For the 50,000 trial rerun, any case within 0.5 percentage
points of 95% (between 95 to 95.5%) should be classified as the more conservative waste group.
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33  APPLICATION OF CRYSTAL BALL'®

Crystal Ball is an Excel’ add-in, which performs data sampling and handling for the Monte Carlo
simulation. Appropriate distributions are selected and defined as assumptions in the Crystal Ball
analysis. The model-calculated results of interest are determined and defined as forecast values.
The number of runs and random number seed value (optional) are also selected to control the
selection of random numbers and termination of the program. Crystal Ball will generate a table
of random numbers sufficiently large to randomly sample all distributions once for each run.
The number of random numbers in the table is the product of the number of distributions times
the number of runs. Crystal Ball will then sample each distribution based on its random number
and perform the model calculation once for each run. The individual run results are kept and a
product or forecast distribution is calculated at the completion of the simulation. Crystal Ball
can graphically display the forecast distributions as the runs are performed and then produce a
report as desired.

3.4 ASSUMPTIONS
The following assumptions are used in this methodology.
o Gas releases are rapid with respect to the ventilation rate.
e One hundred percent of the gas is released.
e The BDGRE models apply to sludge-waste tanks.
e An energy ratio of 3 indicates that a BDGRE is capable of releasing retained gas.
Experimental data and tank observations indicate that an energy ratio of 5 or greater is

required to produce a significant gas release.

e In-situ measurements of yield stress are not readily available. The distribution for yield
stress is conservative towards favoring BDGRE behavior as indicated by the energy ratio.

e Assume the gas is retained under hydrostatic conditions (the solids are self-supporting
and only the convective layer and interstitial liquid contributes to the retained gas
pressure).

» Assuming the headspace gas concentrations are proportional to retained gas
concentrations may be a conservative assumption.

e Available void fraction information for sludge tanks with at least 1 m of supernatant is
not sufficient for the creation of a distribution for this tank configuration. The default

4 Crystal Ball is a trademark of Decisioneering, Inc., Denver, Colorado.

5 Excel is a trademark of Microsoft Corporation, Redmond, Washington.
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void fraction derived for saltcake/salt slurry tanks with 1 m of liquid is assumed to be
conservative for this tank configuration.

Void fractions are considered constant in tanks that have been saltwell pumped when
compared to the prepumping condition of the tank.

Retained gas void fractions are bound by the neutral buoyancy void fraction in DSTs
only.

There is no correlation assumed between H; and NH; gas concentrations.

The volume of waste, when less than the dish height, is assumed to be proportional to the
height within the dish. When converting waste height to volume, this is conservative by
overestimating the volume of waste and, therefore, overestimating the volume of retained
gas when waste is contained only in the dish.

The volume of waste, when less than the knuckle height, 1s assumed to be proportional to
the height within the knuckle. When converting waste height to volume, this is
conservative by overestimating the volume of waste and, therefore, overestimating the
volume of retained gas when waste is contained only in the knuckle.

SOFTWARE USED

The calculations performed to establish the waste group assignments for RPP-10006, Rev. 5, are
performed primarily using spreadsheets developed in Microsoft Excel 2003. These spreadsheets
compile data, determine ranges of uncertainty, establish distributions to represent the uncertainty,
and perform the final waste group calculations. The final spreadsheet used to perform the waste
group calculations contains the Excel add-in software Crystal Ball described in Section 3.3,
which performs the data sampling and handling for the Monte Carlo simulation that is used to
determine the confidence level of the waste group assignment. Figure 3-1 illustrates the
hierarchy of the spreadsheets and macros for RPP-10006, Rev. 5. Full details of each
spreadsheet used to perform the data manipulation and calculations for RPP-10006, Rev. 5, are
provided in the documents listed below.

Spreadsheet Verification Form Number: SVF-1112, Spreadsheet Verification and
Release Form for Spreadsheet ‘SVF-1112 All Solids RO.xIs’

Base Software: Microsoft Excel 2003

Spreadsheet Title: SVF-1112 All Solids RO .xls

Document: RPP-29166, Spreadsheet Description Document for SVF-1112 All Solids
RO.xIs

Author: ]J. M. Conner

Purpose: Double-shell tank nonconvective layer depth determination
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Spreadsheet Verification Form Number: SVF-1117, Spreadsheet Verification and
Release Form for Spreadsheet ‘RPP-10006 R5 Tank Physical Data 060208 xIs’
Base Software: Microsoft Excel 2003

Spreadsheet Title;: RPP-10006 RS Tank Physical Data 060208.xIs.

Document: RPP-29121, Spreadsheet Description Document for RPP-10006 RS Tank
Physical Data 060208 xIs

Author: V. S. Anda

Purpose: Determination and compilation of the tank physical property data

Spreadsheet Verification Form Number: SVF-1118, Spreadsheet Verification and
Release Form for Spreadsheet ‘RPP-10006 Rev 5 Data Rebuild 060306.xIs’

Base Software: Microsoft Excel 2003

Spreadsheet Title: RPP-10006 Rev 5 Data Rebuild 060306.xls.

Document: RPP-29167, Spreadsheet Description Document for RPP-10006 Rev 5 Data
Rebuild 060306.xls

Author: V. S. Anda

Purpose: Compilation of tank property data and source of data for RPP-10006 database

Spreadsheet Verification Form Number: SVF-1123, Spreadsheet Verification and
Release Form for Spreadsheet * RPP-5926 Rev 5 Update for BDGRE xls’

Base Software: Microsoft Excel 2003

Spreadsheet Title: RPP-5926 Rev 5 Update for BDGRE .xls

Document: Appendix E, Hydrogen Generation Rates Calculations for Buoyant
Displacement Gas Release Event Criteria Determinations

Author: T. A. Hu

Purpose: Calculates HGR for tank wastes where solids were recently found

Spreadsheet Verification Form Number: SVF-1127, Spreadsheet Verification and
Release Form for Spreadsheet "!/RPP-10006R5_Waste_Groups-rev-44-060420 .xIs’
Base Software: Microsoft Excel 2003

Spreadsheet Title: !'RPP-10006R5_Waste Groups-rev-44-060420 .xls

Document: RPP- 29581, Spreadsheet Description Document For '!|RPP-
10006R5_Waste Groups-rev-44-060420 .xlIs’

Author: S. A. Barker

Purpose: Calculates flammable gas waste group for waste configurations

Spreadsheet Verification Form Number: SVF-1131, Spreadsheet Verification and
Release Form for Spreadsheet 'SVF 1131 BPE to Void Fraction Master R0 060221 .xis'
Base Software: Microsoft Excel 2003

Spreadsheet Title: SVF 1131 BPE to Void Fraction Master R0 060221 .xls

Document: RPP-29388, Spreadsheet Description Document For 'SVF 1131 BPE to Void
Fraction Master RO 060221 .xlIs’

Author: S. A. Barker

Purpose: Converts BPE data to retained gas void fractions
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Spreadsheet Verification Form Number: SVF-1132, Spreadsheet Verification and
Release Form for Spreadsheet ' RPP-10006r5 Void fraction revised data by tank -
060519 xis’

Base Software: Microsoft Excel 2003

Spreadsheet Title: RPP-10006r5 Void fraction revised data by tank - 060519 xIs
Document: RPP-29389, Spreadsheet Description Document For 'RPP-10006r5 Void
fraction revised data by tank - 060519 xls’

Author: S. A. Barker

Purpose: Compiles void fractions for individual tanks, determines default void fractions
by waste type for tanks with no void fraction data

Spreadsheet Verification Form Number: SVF-1138, Spreadsheet Verification and
Release Form for Spreadsheet 'RPP-13019R1 Tank Volume Calculations 060711u .xls
and RPP-13019R1 Tank Volume Calculations 060711p .xls’ Data only, and SVF-1139,
Spreadsheet Verification and Release Form for Spreadsheet '/RPP-13019R1 Tank Volume
Calculations 06071 lu .xIs and RPP-13019R1 Tank Volume Calculations 06071 Ip xIs’
Base Software: Microsoft Excel 2003

Spreadsheet Title: RPP-13019R1 Tank Volume Calculations 060711u .xls and
Spreadsheet Title: RPP-13019R1 Tank Volume Calculations 060711p .xls

Document: RPP-13019, Determination of Hanford Waste Tank Volumes, Rev. 1
Author: S. A. Barker

Purpose: Determines waste volume and headspace volume for waste storage tanks. Note
that both spreadsheets are equivalent with protection and hidden cells being the sole
differences.
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Figure 3-1. RPP-10006, Rev. 5, Spreadsheet and Macro Hierarchy.
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3
RPP-10006 Rev 5 Daia Rebuild 060306.x1s
Compilation of tank property data and source of data for
RPP-100086 database
SVF-1112 ALL SOLIDS RI.XLS RPP-13019R1 Tank Yolume Calculations 050713p .xls

Determines waste vohuma and headspace volane for

Double-shell Tank Non-convective Layer Depth Determunation e

RFPP-10006 R5 Tank Physical Data 060208.x1s
Determination and compilation of the tank physical
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RPP-5926 Rev 5 Updaie for BDGRE.xls
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4.0 SOURCES OF INPUT DATA AND HIERARCHY

The Best-Basis Inventory (BBI) database is the preferred database for waste characterization
information. This database is used whenever possible to maintain consistency between various
engineering documents produced by Hanford Site contractors. For this evaluation, the BBI

database was queried on September 21, 2005 (from RPP-5926, Rev. 5) and February 1, 2006 (for

active retrieval tanks). The September 21, 2005, BBI data were used in the preparation of
RPP-5926, Rev. 5. Data not available in the BBI, such as vapor data, were obtained from other
sources as described below. A summary of the input data required for this evaluation and the
primary source for that information is presented in Table 4-1. A table of the specific input data
used for this evaluation is provided in Appendix H.

Table 4-1. Data Source Summary Table.

Primary source of

Variable Variable type information
Total nonconvective waste depth Distribution Appendix C
Saturated nonconvective waste depth Distribution Appendix C
Total waste depth Distribution Appendix C
Crust depth Distribution Appendix C
Nonconvective waste density Distribution Appendix B
Convective waste density Distribution Appendix B

Nonconvective waste average temperature

Single point value

RPP-5926 and Appendix E

Tank headspace average temperature

Single point value

RPP-5926 and Appendix E

Tank dimensions

Single point values

RPP-13019

DST OSD design limit Single point value 0OSD-T-151-00007
SST OSD design limit Single point value 0O8D-T-151-00013
Void fraction or maximum saturated solids void fraction | Distribution Appendix D
Nonconvective waste yield stress Distribution Appendix F
Retained gas ratio CH, Distribution Appendix G
Retained gas ratio N,O Distribution Appendix G
Retained gas composition N, Distribution Appendix G
Retained gas composition NH; Distribution Appendix G
Hydrogen generation rate in nonconvective waste Distribution RPP-5926 and Appendix E

Notes:

OSD-T-151-00007, 2005, Operating Specifications for the Double-Shell Storage Tanks, Rev. J-0,
CH2M HILL Hanford Group, Inc., Richland, Washington,
OSD-T-151-00013, 2005, Operating Specifications for Single-Shell Waste Storage Tanks, Rev. F-2,
CH2M HILL Hanford Group, Inc., Richland, Washington.
RPP-5926, 2005, Steady-Stare Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste, Rev. 5, CHZM HILL Hanford Group, Inc., Richland, Washington.
RPP-13019, 2006, Determination of Hanford Waste Tank Volumes, Rev. 1, CH2M HILL Hanford

Group, Inc., Richland, Washington.
DST = double-shell tank.
SST = single-shell tank.
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The document RPP-5926, Rev. 5 (September 21, 2005, BBI database), is the default source of
data for the waste and tank characteristic information. The information obtained from
RPP-5926, Rev. 5, includes waste layer depth information, waste layer density information,
waste temperatures, and headspace temperatures. Uncertainty information for the BBI data was
obtained from RPP-7625, Best-Basis Inventory Process Requirements. Data pertaining to the
tanks that display buoyant displacement behavior were obtained from RPP-6655 and
PNNL-15238. Updates of waste characteristics for these tanks can be obtained from the BBI
database. However, the time the sample was taken for analysis in relationship to the BDGRE
event can affect the results of the analysis. Retained gas volumes may be reduced in BDGRE
tanks following a BDGRE, where the property data can cause misleading results in a waste tank
grouping evaluation. Tank dimensions are based on updated tank volume calculations presented
in RPP-13019,

For characterization information that is not included in the BBI database, or for information with
values that are uncertain, the information is expressed as distributions. PNNL reported yield
stress data for six tanks (DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101,
241-8Y-103, and 241-SY-101 [premitigation]) based on in-situ ball rheometer testing
(RPP-6655). A suitable distribution based on this data was suggested by PNNL {Appendix F).

Gas composition data and void fraction information is not available in the BBI database. Gas
composition data distributions are based on RGS results and can be found in Appendix G. The
void fraction distributions were completely redone in Revision 5 of RPP-10006. The revised
BPE model void fractions are based on previously unused data prepared by PNNL (RPP-15488,
Investigation of Tank Void Fraction Using Liquid Level Response to Atmospheric Pressure
Changes) for all tanks with Enraf-Nonius Series 854 level gauges (ENRAF) surface level
measurements in 2000 (see Appendix D). Information from Appendix D and Appendix H
includes the results of a statistical evaluation that generates a distribution for the void fraction
and retained gas composition for tanks where no data is available. For tanks where gas
composition data is available, the RGS measured gas compositions are used. For tanks with
acceptable void fraction measurements, such as VFI data or good BPE data, the void fraction
used in this evaluation is the measured value.

Current individual tank HGRs are supplied by RPP-5926, Rev. 5. In addition, Appendix E
reports updated mean HGRs for several tanks which previously did not have a nonconvective
layer reported or where the nonconvective layer is significantly different than that reported in
RPP-5926, Rev. 5. Due to the limited amount of data available, it is assumed that a triangular
distribution adequately describes the true distribution. The current HGR mean data, the
magnitude of the individual tank HGR, and the information below from Appendix E is used to
describe the triangular distribution with appropriate upper and lower bounds. Note that the
model estimated HGR is the total HGR for the tank. It is assumed that the nonconvective layer
HGR has the same upper and lower bound relationships as used for the specific tank’s total HGR
even though the RPP-10006 model only uses the nonconvective layer HGR.
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Model Estimated HGR Upper Bound Lower Bound
HGR. =1.5E-03 (ft*/min) 1.10 * HGR.y HGR./ 3
1.5E-03> HGR.y =1.0E-03 (fi*/min) 1.50 * HGR.q HGR.q/ 2
1.0E-03 (ft*/min) > HGR. 1.90 * HGReq HGR.q/ 2

Due to the nature of various waste properties, some distributions are constrained to be sure that
the sampled properties are in the range of expected values and also so that nonphysical
conditions are not selected by the Monte Carlo sampler. There are two types of constraints used
in this model: limits on property ranges and dynamically calculated controls on range values or
interactions. The limits on property ranges for each distribution are listed in Appendix H. The
constraints and dynamic controls are listed in Table 4-2.
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Table 4-2. Monte Carlo Model Dynamic Constraints.

Variable

Constraint

Total waste depth

Constrained to tank operating limit

Total nonconvective waste depth

Constrained to total waste depth

Saturated nonconvective waste depth

Constrained to always be less than or equal to “total
nonconvective waste depth”

Convective waste depth

Calculated by difference

Crust depth

No dynamic constraint

Convective waste density

No dynamic constraint

Nonconvective waste density offset

Set as the difference between the mean convective waste density
and the mean nonconvective waste density with a standard
deviation equal to the nonconvective waste density standard
deviation.

Nonconvective waste density

Constrained to be greater than the convective waste density as it
is set equal to the sum of the convective waste density and the
nonconvective waste density offset.

Void fraction or maximum saturated solids void
fraction

No dynamic constraint for SSTs. For DSTs the void fraction is
dynamically limited to the oyp void fraction.

Nonconvective waste yield stress

Ne dynamic constraint

Retained gas ratio CH,

No dynamic constraint

Retained gas ratio N,O

No dynamic constraint

Retained gas composition N,

No dynamic constraint

Retained gas composition NH;

No dynamic constraint

Hydrogen generation rate in nenconvective
waste

No dynamic constraint

Notes:
DST = double-shell tank.
SST = single-shell tank.

In order to reflect the inter-dependency between convective and nonconvective waste densities, a
nonconvective waste density offset distribution is created. The distribution is determined by
setting its mean as the difference between the mean convective waste density and the mean
nonconvective waste density with a standard deviation equal to the nonconvective waste density
standard deviation. The nonconvective waste density is constrained to be greater than the
convective waste density by setting the nonconvective waste density equal to the sum of the
convective waste density and the nonconvective waste density offset.

The most complicated distribution is the void fraction distribution. Based on RPP-21336,
Flammable Gas Waste Group Assessment FY-2004-ENG-S§-0133, the truncation point of the void
fraction distribution was changed to a distribution with a dynamic upper limit for DSTs. The
buoyant GRE model reports that the retained gas void fraction in the nonconvective layer is
limited by the neutral buoyancy void fraction. A simple dynamic distribution was created in
Crystal Ball which calculates and then applies the limit to the void fraction distribution for each
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model iteration. This distribution is truncated on the upper end by the neutral buoyancy void
fraction.

As the neutral buoyancy void fraction approaches the mean of the original distribution (is less
than 0.1% greater than the mean when expressed as a percentage), the mean is adjusted to be
equal to the neutral buoyancy void fraction (expressed in percent) minus 0.1%. This
modification maintains the shape of the original distribution up to the truncation point. The
modification of the distribution mean is performed for each trial in which the neutral buoyancy
void fraction approaches or is less than the original distribution mean. This modification does
not alter the shape of the original distribution and only affects the one trial.
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5.0 RESULTS OF CALCULATIONS

An evaluation of the SSTs and DSTs at the Hanford Site has been completed using the
methodology presented in Section 3.0, and the input data documented in Appendix H. Three
conditions are evaluated for each tank:

e Base tank condition as of the selected data date (“‘as is” case)

e *“Asis” case with an addition of 10,000 gal of water (10,000-gal water addition case)
(1,000-gal addition for 200-series SSTs)

e “Asis” case with an addition of 500 gal of 8M caustic (500-gal caustic addition case)
{not performed for SSTs).

The last two cases are performed to determine if any tanks change classification as the result of
the addition of modest amounts of water or caustic. These two cases demonstrate what can
happen to the tank classification during normal operations as the result of a number of water
flushes over time, or if caustic is added to the water flush for water conditioning purposes. An
additional constraint was placed on the tanks related to these additions, near-full tanks were not
allowed to exceed the tank operating limit for waste volume.

The result of the waste group evaluation is shown in Table 5-1, which gives the breakdown of
the results of the 5,000 trials for each tank, and whether the result classifies the tank as a waste
group A, B, or C for the “As is” case. The results reported for tanks 241-BY-111, 241-SX-104,
and 241-TX-105 are based on the 50,000 trial results since the 5,000 trial results were within the
range where the outcome is too close to determine the waste group based on the seed sensitivity
test criteria (see Section 3.2).

S.1 WASTE GROUP ASSIGNMENTS

The methodology used in this waste classification evaluation indicates that if the tank exhibits
category C behavior at the 95% confidence level or for 95% of the trials, the tank is classified as
waste group C. If the tank exhibits category C behavior at less than the 95% confidence level,
but exhibits combined category C and category B behavior at more than 95% confidence level,
the tank is then classified as a waste group B tank. The remaining tanks, those that exhibit
category A behavior for greater than 5% of the trials, are placed in the waste group A category.

This classification strategy can be demonstrated using examples from Table 5-1.

e DST 241-AN-101 exhibits category C characteristics for 100% of the trials — it is
classified in waste group C.

5-1



Page 48 of 198 of

DA03081917

RPP-10006 REV 5

DST 241-AN-103 exhibits category C characteristics for 18.9% of the trials, category B

characteristics for 58.7% of the trials, and category A characteristics for 22.5% of the
trials — it is classified in waste group A.

» DST 241-AN-104 exhibits category C characteristics for 29.1% of the trials, category B
characteristics for 11.7% of the trials, and category A characteristics for 59.2% of the
trials — it is classified in waste group A.

» DST 241-AW-101 exhibits category C characteristics for 62.6% of the trials, category B
characteristics for 27.2% of the trials, and category A characteristics for 10.2% of the
trials ~ it is classified in waste group A.

» DST 241-AW-104 exhibits category C characteristics for 67.2% of the trials, category B
characteristics for 32.8% of the trials, and category A characteristics for 0.02% of the
trials — because it exhibits category B and C characteristics for 99.98% of the trials, it is
classified in waste group B.

» SST 241-A-101 exhibits category C characteristics for 80.6% of the trials, category B
characteristics for 19.4% of the trials, and category A characteristics for 0.0% of the
trials — it is classified in waste group B.

Table 5-1. Determination of Waste Group Classification. (6 sheets)
(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

Asis Type | Waste type’ Cateogory A Cateogory B Category C “:asslti,
(%) (%) (%) category
241-AN-101 DST | SC/SS-LIQ 0 0 100 C
241-AN-102 DST | SC/SS-LIQ 0.56 203 79.1 B
241-AN-103 DST | SC/SS-LIQ 225 58.7 18.9 A
241-AN-104 DST | SC/SS-LIQ 59.2 11.7 29.1 A
241-AN-105 DST | SC/SS-LIQ 69.3 9.78 20.9 A
241-AN-106 DST | MIX-LIQ 0 0.08 99.92 C
241-AN-107 DST | SC/SS-LIQ 0 0 100 C
241-AP-101 DST | LIQ 0 0 100 C
241-AP-102 DST | SL-LIQ 0 0.48 99.5 C
241-AP-103 DST | SC/SS-LIQ 0 0 100 C
241-AP-104 DST | SC/SS-LIQ 0 0.22 99.8 cC
241-AP-105 DST | SC/SS-LIQ 0 35.5 64.5 B
241-AP-106 DST | LIQ 0 0 160 C
241-AP-107 DST | SC/SS-LIQ 0 0 100 C
241-AP-108 DST | SC/SS-LIQ 0 353 64.7 B
241-AW-101 DST | SC/SS-LIQ 10.2 27.2 62.6 A
241-AW-102 DST | SL-LIQ 0 0 100 C
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Table 5-1. Determination of Waste Group Classification. (6 sheets)
(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

As s Type | Waste type’ Category A Category B Cateogory C “:::slti’
(%) (%) (%) category
241-AW-103 DST | SL-LIQ 0 0 100 (€
241-AW-104 DST | SC/SS-LIQ 0.02 32,92 67.06 B
241-AW-105 DST | SL-LIQ 0 0 100 €
241-AW-106 DST | SC/SS-LIQ 0.06 2.48 97.46 C
241-AY-101 DST | SL-NL 0 0 100 C
241-AY-102 DST | SL-LIQ 0 2.82 97.2 C
241-AZ-101 DST | SL-LIQ 0 0 100 C
241-AZ-102 DST | SL-LIQ 0 2,16 97.8 C
241-8Y-101 DST | SC/SS-LIQ 0 0 100 C
241-8Y-102 DST | SL-LIQ 0 0 100 C
241-8Y-103° DST | SC/SS-LIQ 2.38 5.6 92.02 A’
241-A-101 SST SC/SS-NL 0 19.4 80.6 B
241-A-102 SST SC/SS-NL 0 0 100 C
241-A-103 SS8T SC/SS-NL 0 0 100 C
241-A-104 SST SL-NL 0 0 100 C
241-A-105 SST SL-NL 0 0 100 C
241-A-106 SST | MIX-NL 0 0 100 C
241-AX-101 SST SC/SS-NL 0 0.16 99.84 C
241-AX-102 SST SC/SS-NL 0 0 160 C
241-AX-103 SST SC/SS-NL 0 0 100 C
241-AX-104 SST SL-NL 0 0 100 C
241-B-101 SsT SC/SS-NL 0 0.02 99.98 C
241-B-102 SST SC/SS-NL 0 0 100 C
241-B-103 SST SC/SS-NL 0 0 100 C
241-B-104 SST SL-NL 0 3.40 96.60 C
241-B-105 SST SC/SS-NL 0 0.44 99.56 C
241-B-106 SST | SL-NL 0 0 100 C
241-B-107 SST | MIX-NL 0 1.72 93.28 C
241-B-108 SST | SC/SS-NL 0 0 100 C
241-B-109 SST MIX-NL 0 0 100 C
241-B-110 SST SL-NL 0 0.44 99.56 C
241-B-111 SST SL-NL 0 0.32 99.68 C
241-B-112 SST | MIX-NL 0 0 100 C
241-B-201 SST SL-NL 0 6.08 93.92 B
241-B-202 SST SL-NL 0 5.6 944 B
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(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s™ data)

Asis Type | Waste type® CateEory A Category B Category C “;::sltse”
(%) (%) (%) category
241-B-203 SST SL-NL 0 69.0 31.0 B
241-B-204 SST SL-NL 0 67.0 33.0 B
241-BX-101 SST SL-NL 0 0 100 C
241-BX-102 SST SL-NL 0 0 100 C
241-BX103 SST SL-NL 0 0 100 C
241-BX-104 SST SL-NL 0 0 100 C
241-BX-105 SST | MIX-NL 0 0 100 C
241-BX-106 SST SC/SS-NL 0 0 100 C
241-BX-107 SST | SL-NL 0 0.02 99.98 C
241-BX-108 SST SL-NL 0 0 100 C
241-BX-109 SST | SL-NL 0 0.04 99.96 C
241-BX-110 SST MIX-NL 0 0 100 C
241-BX-111 SST SC/SS-NL 0 0 100 €
241-BX-112 SST | SL-NL 0 1] 100 C
241-BY-101 SST SC/SS-NL 0 14.5 85.5 B
241-BY-102 SST | SC/SS-NL 0 1.18 98.82 C
241-BY-103 SST | SC/SS-NL 0 343 65.7 B
241-BY-104 SST SC/SS-NL 0 104 89.6 B
241-BY-105 SST | SC/SS-NL 0 323 67.7 B
241-BY-106 SST SC/SS-NL 0 842 91.58 B
241-BY-107 SST SC/SS-NL 0 1.28 98.72 C
241-BY-108 SST | SC/SS-NL 0 0.54 99 .46 C
241-BY-109 SST SC/8S-NL 0 12.8 87.2 B
241-BY-110 SST SC/SS-NL U] 145 855 B
241-BY-111° SST SC/SS-NL 0 4.20 95.80 c
241-BY-112 SST SC/SS-NL 0 0 100 C
241-C-101 SST SL-NL 0 0 100 C
241-C-102 SST SL-NL 0 1.18 98.82 C
241-C-103 SST SL-NL 0 0 100 C
241-C-104 SST SL-NL 0 0.50 99.50 C
241-C-105 SST SL-NL 0 0 100 C
241-C-106 SST SL-NL 0 0 100 C
241-C-107 SST SL-NL 0 0.36 99.64 C
241-C-108 SST SL-NL 0 0 100 C
241-C-109 SST SL-NL 0 0 100 C
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Table 5-1. Determination of Waste Group Classification. (6 sheets)

RPP-10006 REV 5

(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

As is Type | Waste type® Cate§ory A C ategory B Cateogory C ‘::slti”
(%) (%) (%) category
241-C-110 SST SL-NL 0 0.02 99.98 C
241-C-111 SST SL-NL 0 0 100 C
241-C-i12 SST SL-NL 0 0 100 C
241-C-201 SST SL-NL 0 0 100 C
241-C-202 SST SL-NL 0 0 100 C
241-C-203 SST SL-NL 0 0 100 C
241-C-204 SST SL-NL 0 0 100 C
241-5-101 SST MIX-NL 0 0.06 99.94 C
241-S-102 SST SC/SS-NL 0 1] 100 C
241-S-103 SST SC/SS-NL 0 18.4 81.6 B
241-S-104 SST MIX-NL 0 13.9 86.1 B
241-S5-105 SST SC/SS-NL 0 0.88 99,12 C
241-S-106 SST SC/SS-NL 0 0.20 99.80 C
241-8-107 SST SL-NL 0 0 100 C
241-S-108 SST SC/SS-NL 0 3.68 91.32 B
241-S-109 SST | SC/8S-NL 0 12.1 87.9 B
241-8-110 SST SC/SS-NL 0 339 66.1 B
241-8-111 SST SC/SS-NL 0 38.8 61.2 B
241-8-112 SST | SC/SS-NL 0 0 100 C
241-8X-101 SST | MIX-NL 0 13.1 86.9 B
241-SX-102 SST SC/SS-NL 0 11.2 88.8 B
241-SX-103 SST SC/SS-NL G 748 92.52 B
241-SX-104° [ SST | MIX-NL 0 4.08 95.92 c
241-SX-105 SST SC/SS-NL Q 2.80 97.20 C
241-SX-106 SST SC/SS-NL 0 1.84 98.16 C
241-SX-107 SST SL-NL 0 Q 100 C
241-SX-108 SST SL-NL 0 0 100 C
241-8X-109 SST SC/SS-NL 0 1.44 98.56 C
241-SX-110 SST | SL-NL 0 0 100 C
241-SX-111 SST SL-NL Q 0 100 C
241-SX-112 SST SL-NL 0 0 100 C
241-8X-113 SST SL-NL 0 0 100 C
241-SX-114 SST SL-NL 0 0 100 C
241-SX-115 S8T SLNL ] 0 100 C
241-T-101 SST MIX-NL 0 0 100 C
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Table 5-1. Determination of Waste Group Classification. (6 sheets)
(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s™ data)

Asis | Type | Wasteryper [ CHOBOTVA | CateporyB | CatgoryC | g,
category
241-T-102 SST | SL-NL 0 0 100 C
241-T-103 SST SL-NL 0 0 100 C
241-T-104 SST | SL-NL 0 [.12 98.88 C
241-T-105 SST SL-NL 0 0 100 C
241-T-106 SST SL-NL 0 0 100 C
241-T-107 SST | SL-NL 0 0.02 99.98 C
241-T-108 SST MIX-NL 0 0 100 C
241-T-109 SST | SC/SS-NL 0 0 100 C
241-T-110 SST SL-NL 0 3.42 96.58 C
241-T-111 SST SL-NL 0 8.82 91.18 B
241-T-112 SST | SL-NL 0 0 100 C
241-T-201 SST SL-NL ¢ 6.82 93.18 B
241-T-202 SST | SL-NL 0 1.02 98.98 C
241-T-203 SST SL-NL 0 16.4 83.6 B
241-T-204 SST | SL-NL 0 16.3 83.7 B
241-TX-101 SST SL-NL 0 0 100 C
241-TX-102 SST SC/SS-NL 0 0.26 99.74 C
241-TX-103 SST SC/SS-NL 0 0 100 C
241-TX-104 SST | MIX-NL 0 ¢ 100 C
241-TX-105" SST | SC/SS-NL 0 5.33 94.67 B®
241-TX-106 SST SC/SS-NL 0 12.3 87.7 B
241-TX-107 SST SC/SS-NL 0 0 100 C
241-TX-108 SST SC/SS-NL 0 0.02 99.98 C
241-TX-109 SST | SL-NL 0 0.72 99.28 C
241-TX-110 SST | SC/SS-NL 0 2.26 97.74 C
241-TX-111 SST SC/SS-NL 0 332 96.68 C
241-TX-112 SST SC/SS-NL 0 63.0 37.0 B
241-TX-113 SST | SC/SS-NL 0 26.1 73.9 B
241-TX-114 SST SC/SS-NL 0 16.7 83.3 B
241-TX-115 SST SC/SS-NL 0 354 64.6 B
241-TX-116 SST SC/SS-NL 1] 6.04 93.96 B
241-TX-117 SST SC/SS-NL 0 0.46 99 .54 &
241-TX-118 SST SC/SS-NL 0 2.88 97.12 C
241-TY-101 SST MIX-NL 0 0.02 99.98 C
241-TY-102 SST SC/SS-NL 0 0 100 C
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Table 5-1. Determination of Waste Group Classification. (6 sheets)
(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

“As is”
Asis Type | Waste type’ Category A Category B Category C waste
(%) (%) (%)
category

241-TY-103 SST | MIX-NL 0 0.16 99.84 C
241-TY-104 SST | SL-NL 0 0 100 C
241-TY-105 SST [ SL-NL 0 0 100 C
241-TY-106 SST | SL-NL 0 0 100 C
241-U-101 SST | SL-NL 0 0 100 C
241-U-102 SST | SC/S8-NL 0 12.7 323 B
241-U-103 SST | SC/SS-NL 0 0 100 C
241-U-104 SST | SL-NL 0 0 100 C
241-U-105 SST | SC/SS-NL 0 13.0 87.0 B
241-U-106 SST | SC/SS-NL 0 0 100 C
241-U-107 SST | SC/SS-NL 0 1.5 98.5 C
241-U-108 SST | SC/SS-NL 0 56.5 435 B
241-U-109 SST | SC/SS-NL 0 0 100 C
241-U-110 SST | SL-NL 0 0 100 C
241-U-111 SST | SC/SS-NL 0 5.34 94.66 B
241-U-112 SST | SL-NL 0 0 100 C
241-U-201 SST | SL-NL 0 0 100 C
241-U-202 SST | SL-NL 0 0 100 C
241-U-203 SST | SL-NL 0 0 100 C
241-U-204 SST | SL-NL 0 0 100 C
Notes:

“See Appendix A

"Based on 50,000 trials

“241-SY-103 is reclassified as a waste group A (see discussion below).

DST = double-shell tank.

LIQ = deep liquid layer above solids, liquid layer is at least 1 m deep.

MIX = mixed waste, less than 75 vol% sludge or saltcake.

NL = no deep liquid layer above solids, liquid layer is less than 1 m deep.

SC/SS = saltcake/salt slurry solids, at least 75 vol% saltcake/salt slurry solids.

SL = sludge solids, at least 75 vol% sludge solids.

SST  =single-shell tank.

Table 5-2 lists the six tanks that have a median buoyancy ratio near to or greater than 1. These
tanks include the historic BDGRE tanks plus 241-AN-107, which, to date, has not exhibited

BDGRE behavior. DSTs 241-AN-103, 241-AN-104, 241-AN-105, and 241-AW-101 exhibit
BDGRE behavior and are waste group A tanks.
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DST 241-SY-103 has physical properties and recorded observations which indicate BDGREs
probably occur within the tank. The calculation results indicate that less than 3% of the trials
result in waste group A because of the low probability of achieving 100% of the LFL if all the
estimated retained gas is released into the tank headspace; therefore, DST 241-SY-103 is
classified as a waste group B tank based on the model results (see also Section 3.2, Random
Number Seed Sensitivity Test). However, BDGRE releases clearly and routinely occur within
the tank (RPP-6655). In addition, should future solids level measurements in the tank indicate an
increase in solids level since the last measurement in 2000 this would result in an increase in the
calculated volume of retained gas in the tank and hence in the calculated probability of
category A behavior. For these reasons DST 241-SY-103 will continue to be classified as a
waste group A tank.

DST 241-AN-107 has a buoyancy ratio greater than 1 due to the small differences between the
convective and nonconvective layer densities. However, it has a very low gas retention rate and
has not exhibited any BDGRE behavior to date. The tank does not contain sufficient retained
gas to reach 100% LFL and, therefore, is classified as a waste group C tank. Historically only
DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, 241-8Y-101 (premitigation), and
241-5Y-103 have documented cases of BDGRE behavior (RPP-6655).

Table 5-2. Indicators of Buoyant Displacement Gas Release Event
Behavior.

(Based on “RPP-10006 Rev S Data Rebuild 060306.x1s” data)

Energy | Buoyancy
ratio ratio Buoyancy ratio
Tank Tank [%A] | [%B] | [%C] (dimen- (dimen- | (dimensionless)
type sionless) | sionless) (95%CL)
(95%CL) | (Median)
241-AN-103 | DST | 22.5 | 58.7 18.9 44 0.82 2.76
241-AN-104 | DST | 59.2 | 11.7 29.1 42 1.59 7.50
241-AN-105 | DST | 69.3 978 209 41 1.75 10.4
241-AN-107 | DST | 0O 0 100 47 1.38 11.2
241-AW-101 | DST | 10.2 | 27.2 62.6 60 0.94 6.05
241-SY-103 | DST | 238} 5.6 | 92.02 19 1.13 6.45

Notes:
95% CL = 95% confidence level.

DST = double-shell tank.
LFL = lower flammability limit.
NCL = nonc¢onvective layer,

5.1.1 Double-Shell Tanks
As shown in Table 5-3, 19 of the 28 DSTs are currently classified as waste group C tanks. For

these 19 DSTs, even if 100% of the retained gas is released, the headspace flammable gas
concentration will not exceed 100% LFL at a 95% confidence level. Four DSTs, 241-AN-102,
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241-AP-105, 241-AP-108, and 241-AW-104, are classified as waste group B tanks based on the
model for the “as is” condition. Four DSTs, 241-AN-103, 241-AN-104, 241-AN-105, and
241-AW-101, based on this evaluation are classified as waste group A tanks. DST 241-SY-103
is classified as a waste group B tank based on the “as is” condition, however, due to the
previously discussed concerns, 241-SY-103 is classified as a waste group A tank.

Table 5-3. Waste Group Assignments for Double-Sheli Tanks.
(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

Tank Type “As is” condition H:g,(;?i‘:ligt?:pn Sﬂﬂaﬁa:lli::i:l:lstic
241-AN-101 DST C C C
241-AN-102 DST B B B
241-AN-103 DST A A A
241-AN-104 DST A A A
241-AN-105 DST A A A
241-AN-106 DST C C C
241-AN-107 DST C C C
241-AP-101 DST C C ©
241-AP-102 DST C C C
241-AP-103 DST C C C
241-AP-104 DST C C C
241-AP-105 DST B B B
241-AP-106 DST C C C
241-AP-107 DST C C C
241-AP-108 DST B B B
241-AW-101 DST A A A
241-AW-102 DST C C C
241-AW-103 DST C C C
241-AW-104 DST B B B
241-AW-105 DST C C C
241-AW-106 DST C C C
241-AY-101 DST C C C
241-AY-102 DST C C C
241-AZ-101 DST C C C
241-AZ-102 DST C C C
241-SY-101 DST C C C
241-8Y-102 DST C C C
241-SY-103* DST A* A A*

Notes:

* 241-SY-103 is reclassified as a waste group A (see discussion in Section 5.1).

DST = double-shell tank.
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In all cases, additional liquids, up to 10,000 gal of water or 500 gal of 8M caustic, can be added
to the DSTs during routine operations without affecting the waste groupings as summarized in
Table 5-3.

5.1.2 Single-Shell Tanks

As provided in Table 5-4, 109 of the 149 SSTs are classified as waste group C tanks based on the
“worst case” conditions. For these 109 tanks, even if 100% of the retained gas is released, the
headspace flammable gas concentration will not exceed 100% LFL at a 95% confidence level.
The remaining 40 tanks are classified as waste group B tanks, as the headspace flammable gas
concentration can reach 100% of the LFL if all of the retained gas is released at a 95%
confidence level. None of the SSTs that could reach 100% LFL in the headspace have energy
ratios > 3.

Table 5-4. Waste Group Assignments for Single-Shell Tanks. (3 sheets)
(Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s”” data)

A s 10,000 gal A s 10,000 gal
Tank Type As.1§” watef Tank Type As.h:' wa!ef
condition addition® condition addition®
241-A-101 SST B B 241-S-110 SST B B
241-A-102 SST C C 241-8-111 SST B B
241-A-103 SST C C 241-5-112 SST C C
241-A-104 SST C C 241-8X-101 | SST B B
241-A-105 SST C C 241-8X-102 | SST B B
241-A-106 SST C C 241-8X-103 | SST B B
241-AX-101 | SST C C 241-8X-104 | SST C B
241-AX-102 | SST C C 241-SX-105 | SST C C
241-AX-103 { SST C C 241.8X-106 | SST C B
241-AX-104 | SST C C 241-8X-107 | SST C C
241-B-101 SST C C 241-SX-108 | SST C C
241-B-102 SST C C 241-SX-109 | SST C C
241-B-103 SST C C 241-8X-110 | SST C C
241-B-104 SST C C 241-SX-111 | SST C C
241-B-105 SST C C 241-SX-112 | SST C C
241-B-106 SST C C 241-SX-113 | SST C C
241-B-107 SST C C 241-SX-114 | SST C C
241-B-108 SST C C 241-SX-115 | SST C C
241-B-109 SST ® C 241-T-101 SST C C
241-B-110 SST C C 241-T-102 SST C C
241-B-111 SST C C 241-T-103 SST C C
241-B-112 SST C C 241-T-104 SST C C
241-B-201 SST B B 241-T-105 SST C C
241-B-202 SST B B 241-T-106 SST C C
241-B-203 SST B B 241-T-107 SST C C
241-B-204 SST B B 241-T-108 SST C C
241-BX-101 SST C C 241-T-109 SST C C
241-BX-102 | SST C C 241-T-110 SST C C
241-BX-103 | SST C C 241-T-111 SST B B
241-BX-104 | SST C C 241-T-112 SST C C
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Table 5-4. Waste Group Assignments for Single-Shell Tanks. (3 sheets)

{Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

x| 10,000 gal i 10,000 gal
Tank Type co:;i::ﬂn water Tank Type co:;ii:on water
addition® addition®
241-BX-105 | SST C C 241-T-201 | SST B B
241-BX-106 | SST C C 241-T-202 | SST C C
241-BX-107 | SST C C 241-T-203 | SST B B
241-BX-108 | SST C C 241-T-204 | SST B B
241-BX-109 | SST C C 241-TX-101 | SST C C
241-BX-110 | SST C C 241-TX-102 | SST C C
241-BX-111 | SST C C 241-TX-103 | SST C C
241-BX-112 | SST C C 241-TX-104 | SST C C
241-BY-101 | SST B B 241-TX-105 | SST B® B®
241-BY-102 | SST C C 241-TX-106 | SST B B
241-BY-103 | SST B B 241-TX-107 | SST C [
241-BY-104 | SST B B 241-TX-108 | SST C C
241-BY-105 | SST B B 241-TX-109 { SST C C
241-BY-106 | SST B B 241-TX-110 | SST C C
241-BY-107 | SST C C 241-TX-111 | SST C B
241-BY-108 | SST C C 241-TX-112 | SST B B
241-BY-109 | SST B B 241-TX-113 | SST B B
241-BY-110 | SST B B 241-TX-114 | SST B B
241-BY-111 | SST [ B’ 241-TX-115 | SST B B
241-BY-112 | SST C C 241-TX-116 | SST B B
241-C-101 [ SST C C 241-TX-117 | SST C C
241-C-102 | SST C C 241-TX-118 | SST C C
241-C-103 | SST C C 241-TY-101 | SST C C
241-C-104 | SST C C 241-TY-102 | SST C C
241-C-105 | SST C C 241-TY-103 [ SST C C
241-C-106 | SST C C 241-TY-104 | SST C C
241-C-107 | SST C C 241-TY-105 | SST C C
241-C-108 | SST C C 241-TY-106 | SST C C
241-.C-109 | SST C C 241-U-101 | SST C C
241-C-110 | SST [ C 241-U-102 | SST B B
241-C-111 | SST C C 241-U-103 | SST C C
241-C-112 | SST C C 241-U-104 | SST C C
241-C-201 | SST C C 241-U-105 | SST B B
241-C-202 | SST C C 241-U-106 | SST C C
241-C-203 | SST C C 241-U-107 | SST C C
241-C-204 | SST C C 241U-108 | SST B B
241-8-101 | SST C C 241-U-109 | SST C C
241-8-102 | SST C C 241-U-110 | SST C C
241-8-103 | SST B B 241-U-111 | SST B B
241-S-104 | SST B B 241-U-112 | SST C C
241-8-105 | SST C C 241-U-201 | SST C C
241-S-106 | SST C C 241-U-202 | SST C C
2418107 | SST C C 241-U-203 | SST C C
241-S-108 | SST B B 241-U-204 | SST C C
241-S-109 | SST B B
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Table 5-4. Waste Group Assignments for Single-Shell Tanks. (3 sheets)
{Based on “RPP-10006 Rev 5 Data Rebuild 060306.x1s” data)

“As is” 10?000 ga] “Asis” 105000 gal
Tank Type condition water Tank Type condition water
addition® addition®
Notes:
*[n 200-series tanks only 1,000 gal of water are added.
® Based on 50,000 trials.

SST =single-shell tank.

There are four tanks that change classification based on the addition of 10,000 gal (or 1,000 gal
for 200-sertes tanks) of water to the tanks.

Since the current condition of SSTs precludes the formation of a waste group A tank (i.e., the
tanks contain little or no supernatant) and since the tanks are inactive unless subject to retrieval,
a routine annual re-evaluation of the SSTs will not occur in the future unless there is a significant
change in tank properties, as identified from a review of published Best-Basis Inventory changes.
The tanks will be re-evaluated prior to any planned retrieval activity.
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LIQ
MIX-LIQ
MIX-NL
SC/SS
SC/SS-LIQ
SC/SS-NL
SL

SL-LIQ
SL-NL
vol%

RPP-10006 REV 5

LIST OF TERMS

liquid waste form

mixed waste form with > 1 m liquid over solids

mixed waste form with < 1 m liquid over solids

saltcake/salt slurry

saltcake/salt slurry waste form with > 1 m liquid over solids
saltcake/salt slurry waste form with < 1 m liquid over solids
sludge

sludge waste form with > 1 m liquid over solids

sludge waste form with < 1 m liquid over solids

volume percent
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Peer Review Checklist (Calculation Review Checklist)

Calculation Reviewed: RPP-10006, Rev 5, Appendix A WASTE TYPE EVALUATION
Scope of Review: _Appendix A text and tables

(e.g., document sectipp or portion of calculation)
Engineer/Analyst: _V.S. Anda M\ Dai;.?:/ 7——5’70 (]

1
Organizational Manager: _M. A. Knight "".&IL‘& 92> Date:

This document consists of 10 pages and the following attachments (if applicable):

n/a
Yes No NA*
[X] {1 [] 1. Analytical and technical approaches and results are reasonable and
appropriate.
[X] [] {] 2. Necessaryassumptions are reasonable, explicitly stated, and supported.
{(X] [} [] 3. Ensurecalculations that use software include a paper printout, microfiche,

CD ROM, or other electronic file of the input data and identification to the
computer codes and versions used, or provide alternate documentation to
uniquely and clearly identify the exact coding and execution process.

X1 [1 []1 4. Inputdata were checked for consistency with original source information.

[J [] I[X]5. Forboth qualitative and quantitative data, uncertainties are recognized and
discussed.

[1 []1 [Xl6 Mathematical derivations were checked, including dimensional consistency
of results.

{1 [1 [X} 7. Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information.

Xy [1 8. Software verification and validation are addressed adequately.

[]
iX] [1 [1 9. Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.

X] [1 [1 10. Conclusionsare consistent with analytical results and applicable limits.

iX1 [1 [1 11. Results and conclusions address all points in the purpose.

[X] [1 [1 12. Referenced documents are retrievable or otherwise available,

{X] [1 (1 13. The version orrevision of each reference is cited.

11 [] [X] 14. The document was prepared in accordance with Attachment A, “Calculation

Format and Preparation Instructions.”
{1 [1 [X] 15. Impacts on requirements have been assessed and change documentation
initiated to incorporate revisions to affected documents, as appropriate.
XTI [1 [1 16. All checker comments have been dispositioned and the design media

matches the calculations.
K. D. Fowler lfﬁ,—:%'— #/25/ 0t
Checker (printed name and signature) Date

* If No or NA is chosen, an explanation must be provided on or attached to this form,
This appendix is not a calculation and does not directly contain mathematical equations or input
data with associated uncertainties. It presents a summary of requirements for waste type
assignments as documented in the cited reference SNL-000198 and results of waste group
assignments. The spreadsheet used to assign the waste groups is documented in the cited
reference RPP-29121.
This appendix does not establish or alter any existing requirement or necessitate revisions to other
documents,
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APPENDIX A

WASTE TYPE EVALUATION

Al.0 PURPOSE

This appendix presents the tank waste type assignments, as shown in Table A-1, based on the
criteria in SNL-000198, Flammable Gas Safety Analysis Data Review. This evaluation updates
the waste type information given in RPP-6171, Determination of Waste Groupings For Safety
Analyses, based on updated Best-Basis Inventory data for the tanks. The waste types presented
are used in assigning variables to complete the flammable gas waste group calculations.

A2.0 GROUPING CRITERIA

SNL-000198 identifies seven possible waste forms and criteria for waste type assignment.
Table 1 presents the abbreviated waste types and definitions.

Table A-1. Waste Grouping Criteria, from
SNL-000198, Section 2.2.2.

Waste Type Definition
LIQ Liquid waste with less than 3 vol% solids
MIX-LIQ Mixed sludge-saltcake waste with > 1 m liquid over solids
MIX-NL Mixed sludge-saltcake waste with < 1 m liquid over solids
SC/8S-LIQ Saltcake/salt shurry waste with > 1m liquid over sotids
SC/SS-NL Saltcake/salt slarry waste with < 1m liquid over solids
SL-LIQ Sludge waste with > 1m liquid over solids
SL-NL Sludge waste with < 1m liquid over solids
Note:

SNL-000198, 1999, Fiammable Gas Safety Analysis Data Review, Rev. 0,
Sandia National Laboratory, Albequerque, New Mexico.

Liquid waste tanks have at least 97 vol% liquids. Mixed waste tanks, with or without liquid,
must be more than 3 vol% solids and the solids composition must be less than 70 vol% of either
type of solids. Saltcake/salt slurry tanks, with or without liquid, have greater than 3 vol% solids
and at least 70 vol% saltcake and/or salt slurry. Sludge tanks, with or without liquid, have
greater than 3 vol% solids and at least 70 vol% sludge.
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A3.0 WASTE TYPES

Table A-2 lists the assigned waste type for each tank.

Table A-2. Current Waste Types. (2 sheets)

‘Waste type, ‘Waste type, ‘Waste type,

Tank 2005 data Tank 2005 data Tank 2005 data
241-A-101 SC/SS-NL 241-BX-110 MIX-NL 241-SY-103 SC/SS-LIQ
241-A-102 SC/SS-NL 241-BX-111 SC/SS-NL 241-T-101 MIX-NL
241-A-103 SC/SS-NL 241-BX-112 SL-NL 241-T-102 SL-NL
241-A-104 SL-NL 241-BY-101 SC/SS-NL 241-T-103 SL-NL
241-A-105 SL-NL 241-BY-102 SC/SS-NL 241-T-104 SL-NL
241-A-106 MIX-NL 241-BY-103 SC/SS-NL 241-T-105 SL-NL
241-AN-101 SC/SS-LIQ 241-BY-104 SC/SS-NL 241-T-106 SL-NL
241-AN-102 SC/SS-LIQ 241-BY-105 SC/SS-NL 241-T-107 SL-NL
241-AN-103 SC/SS-LIQ 241-BY-106 SC/SS-NL 241-T-108 MIX-NL
241-AN-104 SC/SS-LIQ 241-BY-107 SC/SS-NL 241-T-109 SC/SS-NL
241-AN-105 SC/SS-LIQ 241-BY-108 SC/SS-NL 241-T-110 SL-NL
241-AN-106 MIX-LIQ 241-BY-109 SC/SS-NL 241-T-111 SL-NL
241-AN-107 SC/SS-LIQ 241-BY-110 SC/SS-NL 241-T-112 SL-NL
241-AP-101 LIQ 241-BY-111 SC/SS-NL 241-T-201 SL-NL
241-AP-102 SL-LIQ 241-BY-112 SC/SS-NL 241-T-202 SL-NL
241-AP-103 SC/SS-LIQ 241-C-101 SL-NL 241-T-203 SL-NL
241-AP-104 SC/SS-LIQ 241-C-102 SL-NL 241-T-204 SL-NL
241-AP-105 SC/SS-LIQ 241-C-103 SL-NL 241-TX-101 SL-NL
241-AP-106 LIQ 241-C-104 SL-NL 241-TX-102 SC/SS-NL
241-AP-107 SC/SS-LIQ 241-C-105 SL-NL 241-TX-103 SC/SS-NL
241-AP-108 SC/SS-LIQ 241-C-106 SL-NL 241-TX-104 MIX-NL
241-AW-101 SC/SS-LIQ 241-C-107 SL-NL 241-TX-105 SC/SS-NL
241-AW-102 SL-LIQ 241-C-108 SL-NL 241-TX-106 SC/SS-NL
241-AW-103 SL-LIQ 241-C-109 SL-NL 241-TX-107 SC/SS-NL
241-AW-104 SC/SS-LIQ 241-C-110 SL-NL 241-TX-108 SC/SS-NL
241-AW-105 SL-LIQ 241-C-111 SL-NL 241-TX-109 SL-NL
241-AW-106 SC/SS-LIQ 241-C-112 SL-NL 241-TX-110 SC/SS-NL
241-AX-101 SC/SS-NL 241-C-201 SL-NL 241-TX-111 SC/SS-NL
241-AX-102 SC/SS-NL 241-C-202 SL-NL 241-TX-112 SC/SS-NL
241-AX-103 SC/SS-NL 241-C-203 SL-NL 241-TX-113 SC/SS-NL
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Table A-2. Current Waste Types. (2 sheets)

Waste type, Waste type, Waste type,
Tank 2005 data Tank 2005 data Tank 2005 data

241-AX-104 SL-NL 241-C-204 SL-NL 241-TX-114 SC/SS-NL
241-AY-101 SL-NL 241-8-101 MIX-NL 241-TX-115 SC/SS-NL
241-AY-102 SL-LIQ 241-8-102 SC/SS-NL 241-TX-116 SC/SS-NL
241-AZ-101 SL-LIQ 241-8-103 SC/SS-NL 241-TX-117 SC/SS-NL
241-AZ-102 SL-LIQ 241-5-104 MIX-NL 241-TX-118 SC/SS-NL
241-B-101 SC/SS-NL 241-S-105 SC/SS-NL 241-TY-101 MIX-NL
241-B-102 SC/SS-NL 241-S-106 SC/SS-NL 241-TY-102 SC/SS-NL
241-B-103 SC/SS-NL 241-8-107 SL-NL 241-TY-103 MIX-NL
241-B-104 SL-NL 241-5-108 SC/SS-NL 241-TY-104 SL-NL
241-B-105 SC/SS-NL 241-8-109 SC/SS-NL 241-TY-105 SL-NL
241-B-106 SL-NL 241-8-110 SC/SS-NL 241-TY-106 SL-NL
241-B-107 MIX-NL 241-8-111 SC/SS-NL 241-U-101 SL-NL
241-B-108 SC/SS-NL 241-8-112 SC/SS-NL 241-U-102 SC/SS-NL
241-B-109 MIX-NL 241-SX-101 MIX-NL 241-U-103 SC/SS-NL
241-B-110 SL-NL 241-SX-102 SC/SS-NL 241-U-104 SL-NL
241-B-111 SL-NL 241-8X-103 SC/S8S-NL 241-U-105 SC/SS-NL
241-B-112 MIX-NL 241-SX-104 MIX-NL 241-U-106 SC/SS-NL
241-B-201 SL-NL 241-8X-105 SC/SS-NL 241-U-107 SC/SS-NL
241-B-202 SL-NL 241-8X-106 SC/SS-NL 241-U-108 SC/SS-NL
241-B-203 SL-NL 241-SX-107 SL-NL 241-U-109 SC/SS-NL
241-B-204 SL-NL 241-SX-108 SE-NL 241-U-110 SL-NL
241-BX-101 SL-NL 241-8X-109 SC/SS-NL 241-U-111 SC/SS-NL
241-BX-102 SL-NL 241-SX-110 SL-NL 241-U-112 SL-NL
241-BX-103 SL-NL 241-8X-111 SL-NL 241-U-201 SL-NL
241-BX-104 SL-NL 241-SX-112 SL-NL 241-U-202 SL-NL
241-BX-105 MIX-NL 241-SX-113 SL-NL 241-U-203 SL-NL
241-BX-106 SC/S8S-NL 241-SX-114 SL-NL 241-U-204 SL-NL
241-BX-107 SL-NL 241-SX-115 SL-NL
241-BX-108 SL-NL 241-SY-101 SC/SS-LIQ
241-BX-109 SL-NL 241-SY-102 SL-LIQ
Notes:

MIX-LIQ = mixed waste form with 2 1 m liquid over solids.

MIX-NL = mixed waste form with < 1 m liquid over solids.

SC/SS-LIQ = saltcake/salt slurry waste form with = 1 m liquid over solids.

SC/SS-NL = saltcake/salt shurry waste form with < 1 m liquid over solids.

SL-LIQ = sludge waste form with 2 1 m liquid over solids,

SL-NL = sludge waste form with <1 m liquid over solids.
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A4.0 USE OF COMPUTER SOFTWARE

The input data is identified in the spreadsheet described below.

Spreadsheet Verification Form Number: SVF-1117, Spreadsheet Verification & Release
Form for Spreadsheet RPP-10006 R5 Tank Physical Data 060208 .xIs

Base Software: Microsoft Excel' 2003
Spreadsheet Title: RPP-10006 RS Tank Physical Data 060208 .x1s.

Document: RPP-29121, Spreadsheet Description Document for RPP-10006 R5 Tank
Physical Data 060208.xls

Author: V. S. Anda

Purpose: Determination and compilation of the tank physical property data

A5.0 REFERENCES

RPP-6171, 2000, Determination Of Waste Groupings For Safety Analyses, Rev. 0, CH2M HILL
Hanford Group, Inc., Richland, Washington.

RPP-29121, 2006, Spreadsheet Description Document for RPP-10006 R5 Tank Physical Data
060208.xls, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

SNL-000198, 1999, Flammable Gas Safety Analysis Data Review, Rev. 0, Sandia National
Laboratory, Albequerque, New Mexico.

SVF-1117, 20006, Spreadsheet Verification & Release Form for Spreadsheet RPP-10006 R5
Tank Physical Data 060208.xIs, Rev. 0, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

' Excel is a registered trademark of Microsoft Corporation, Redmond, Washington.
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APPENDIX B

DENSITY EVALUATION
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BBI

CL

DST

LIQ

LL

Max

Min
MIX-LIQ
MIX-NL
NCL
PNNL
RSD
SC/SS
SC/SS-LIQ
SC/SS-NL
SL
SL-LIQ
SL-NL
SST
TWINS
UL

RPP-10006 REV 5

LIST OF TERMS

Best-Basis Inventory

convective layer (liquid)

double-shell tank

liquid waste form

lower limit

95% upper limit

95% lower limit

mixed waste form with 2 1 m liquid over solids
mixed waste form with < 1 m liquid over solids
nonconvective layer (solid)

Pacific Northwest National Laboratory

relative standard deviation

saltcake/salt slurry

saltcake/salt slurry waste form with > 1 m liquid over solids
saltcake/salt slurry waste form with < 1 m liquid over solids
sludge

sludge waste form with = 1 m liquid over solids
sludge waste form with < 1 m liquid over solids
single-shell tank

Tank Waste Information Network System

upper limit
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Peer Review Checklist (Calculation Review Checklist)

Calculation Reviewed: RPP-10006, Rev 5, Appendix B DENSITY EVALUATION
Scope of Review: _Appendix B text and tables

(e.g., document section_or portion of calculation)
Engineer/Analyst: _V. S. Anda 0@ M : Date: ’3{1&"/0(,
Organizational Manager: M. A. Knight l"’ia\ ((,u.‘,j},( Date: 7]@(}5(;

This document consists of 24 pages and the following attachments (if applicable):

n/a
Yes No NaA*
X1 [} (] 1. Analytical and technical approaches and results are reasonable and
appropriate.
[X] [] [] 2. Necessaryassumptions are reasonable, explicitly stated, and supported.
[X] [1 [1 3. Ensurecalculations that use software include a paper printout, microfiche,

CD ROM, or other clectronic file of the input data and identification to the
computer codes and versions used, or provide alternate documentation to
uniquely and clearly identify the cxact coding and execution process.

X1 1] {1 4. Inputdata were checked for consistency with original source information.

[1 [1 [X]5. Forbothqualitative and quantitative data, uncertainties are recognized and
discussed.

[} [] [X] 6 Mathematical derivations were checked, includin g d1mcnsnona] consistency
of results,

[ [] [X] 7 Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside inforrpation.

[X] [1 [l 8. Software verification and validation are addressed adequately.

[XI] [] [l 9 Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.

X} [1 {1 10. Conclusions are consistent with analytical results and applicable limits,

[X] [1 [] 11. Results and conclusions address all points in the purpose.

[X] [} []1 12. Referenced documents are retrievable or otherwise available.

[XI' [] [1 13. The version or revision of each reference is cited.

{1 [] [X} 14. Thedocument was prepared in accordance with Attachment A, “Calculation

Format and Preparation Instructions.”
[1 []1 (X] 15. Impactsonrequirements have been assessed and change documcmanon
initiated to incorporate revisions to affected documents, as appropriate.
[X] [1 []1 16. Allchecker comments have been dispositioned and the design media
matiches the calculations.

K.D. Fowler ?gg__,&!— e
Checker (printedfame and signature) Date”

* If No or NA is chosen, an explanation must be provided on or attached to this form.
This appendix is not a calculation and does not directly contain mathetmatical equations or input
data with associated uncertainties. It presents a summary of tank waste phase densities (mean,
maximum and mean values) and standard deviations. The spreadsheet used to derive the values is
documented in the cited reference RPP-29121.

This appendix does not establish or alter any existing requirement or necessitate revisions to other
documents.
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APPENDIX B

DENSITY EVALUATION

B1.0 INTRODUCTION

The purpose of this appendix is to establish the convective layer (CL) and nonconvective layer
(NCL) densities, associated uncertainties, and distributions for use in the flammable gas waste
group calculations.

B2.0 BACKGROUND

A specialty assessment of the methodology of RPP-10006, Methodology and Calculations for
the Waste Groups for Large Underground Waste Storage Tanks at the Hanford Site, for
assigning flammable gas waste groups was undertaken in 2004 and is documented in
RPP-21336, Flammable Gas Waste Group Assignment: FY2004-ENG-5-0133.

Observation 2 from RPP-21336 stated that:

Certain physical relationships are not accounted for in the calculation that make
the output distribution of the Monte Carlo analysis artificially broad and create
physically impossible states.

1. Independent selection of CL and NCL densities from their distributions in
the Monte Carlo analysis allows density pairs that are not physically
achievable.

2. Liquid and solid densities selected from the distribution may approach
each other, artificially indicating an unphysical or improbable waste state.

3. The retained gas volume for screening Waste Group C tanks is not
correctly limited by varying neutral buoyancy void fraction computed
from the convective and non-convective layer densities selected during the
calculation.

4. Available liquid SpG [specific gravity] data suggest that the default

uncertainty (5%) used in the calculation is larger than necessary.
(RPP-21336)

Items 1 and 2 relate to the calculation methodology and item 4 relates to input data for CL and

NCL densities used in the Monte Carlo analysis for calculating the flammable gas waste groups.
Item 3 relates primarily to the way that void fraction is handled in the Monte Carlo analysis.
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Changes in methodology and input data for density for Revision 5 of this document are described
in the following sections of this appendix. Changes related to void fraction are discussed in
Appendix D.

B3.0 CHANGES TO DENSITY METHODOLOGY AND INPUT DATA

B3.1 CHANGES IN MONTE CARLO ANALYSIS APPROACH

In order to address items 1 and 2 from Observation 2 of RPP-21336 discussed above, changes
were made in the waste group determination spreadsheet program to treat CL and NCL waste
densities as correlated rather than treating these properties as completely independent. In order
to reflect the inter-dependency between convective and nonconvective waste densities, a
nonconvective waste density offset distribution is created. The distribution is determined by
setting its mean as the difference between the mean convective waste density and the mean
nonconvective waste density with a standard deviation equal to the nonconvective waste density
standard deviation. The nonconvective waste density is constrained to be greater than the
convective waste density by setting the nonconvective waste density equal to the sum of the
convective waste density and the nonconvective waste density offset.

The RPP-10006 database values are usually given for the mean, standard deviation, minimum
value, and maximum value for the convective and nonconvective layer densities. A density
offset distribution is created with a mean that is equal to the difference between the two density
means. The density offset distribution is given the same standard deviation as the nonconvective
layer density distribution, if one is given, if not, the convective layer density standard deviation
is applied. The minimum of the offset is the mean minus 2 times the standard deviation or

1 kg/m®, whichever is greater. The maximum of the offset is the mean plus 2 times the standard
deviation.

During the simulation, a value is taken from the Monte Carlo distribution for the convective
layer density and from the density offset distribution. The two values are added to determine the
nonconvective layer density. This relationship guarantees that the nonconvective layer density is
always at least 1 kg/m’ greater than the convective layer density.

The methodology described above considers NCL density and void fraction as independent
properties. This simplification is made for ease of calculation and due to lack of adequate data to
support a more rigorous correlation of NCL density and void fraction. A methodology was
proposed by Pacific Northwest National Laboratory (PNNL) in the report PNNL-15238,
Predicting Peak Hydrogen Concentrations from Spontaneous Gas Releases in Hanford Waste
Tanks, which described the NCL density as a function of solid volume fraction, solid particle
density, and interstitial liquid density. PNNL applied this methodology only to the waste group
A tanks, which are the most studied tanks at Hanford and therefore have the most complete set of
data available. PNNL also made a simplifying assumption that the interstitial liquid density was
equal to the convective layer density. This approach is reasonable for static tanks such as the
waste group A tanks, but is not valid for tanks that are involved in transfers; these tanks would
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require use of the actual interstitial liquid density in the calculation. Typically, there is much less
data for the remaining 172 tanks, and use of the PNNL-15238 methodology for these tanks
would be subject to too many data uncertainties and assumptions to justify the added complexity
in the equations. In addition, RPP-10006 uses degassed density and volume data for the NCL
solids density determination. The combined effect of the lack of data for many tanks and the use
of degassed solids densities is that the NCL layer densities and the void fration are independent
properties. The layer density differences are used to determine the neutral buoyancy void
fraction, which in turn provides the upper limit for the NCL layer void fraction.

B3.2 CHANGES IN APPLIED DENSITY UNCERTAINTY

In order to address item 4 from Observation 2 of RPP-21336 discussed above, a review of
sample analysis data for density from the Tank Waste Information Network System (TWINS)
was completed and published as part of RPP-10006, Rev. 4. The data review included sample
analysis results for specific gravity, solids density, settled solids density, liquid density, density
before centrifuging, density, and bulk density, with specific gravity and density assumed to be
interchangeable for the purposes of the evaluation. Many data points were excluded from the
data set based on criteria included in RPP-10006, Rev. 4, Appendix M. The evaluation
documented in Appendix M of RPP-10006, Rev. 4, identified “...the overall uncertainty for
density is about 5%. However, for liquid densities the relative error is 3.3% and the relative
error for the solids densities is 6.8%.” The relative error values generated for the waste types are
compared to the Best-Basis Inventory (BBI) published relative standard deviation values in
Table B-1. The standard deviation information previously applied in RPP-10006, Rev. 4, for
each tank and nonconvective phase is presented for comparison with the standard deviations
applied for this revision of RPP-10006 in Tables B-2 and B-3.

The statement, “The BBI typically lists relative uncertainties for solid and liquid densities as
5%,” was included in RPP-10006, Rev. 4, Appendix M; however, a source was not referenced.
A review of RPP-7625, Best-Basis Inventory Process Requirements, Appendix B, “Uncertainty
Estimates for the BBI,” identified the density uncertainty by tank and waste phase. Table B-1
contains summarized relative standard deviation (RSD) data from RPP-7625, Table B-8.
RPP-7625 references RPP-6924, Statistical Methods for Estimating the Uncertainty in the Best
Basis Inventories, which explains the methodology used to generate the density RSDs and
discusses the number of data points utilized.
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Table B-1. Best-Basis Inventory Relative Standard Deviation (%)
Versus Relative Error (%).

Relative standard deviation (%)

L (RPP-7625, Rev. 6, Table B-8) (ﬁ;jgfil‘;fogz"r: ;:A’z)
Single-shell tank Double-shell tank
Convective Layer 5.90 8.16 33
Nonconvective Layer 7.55 6.50 6.8
Notes:

RPP-7625, 2006, Best-Basis Inventory Process Requirements, Rev. 6, CH2ZM HILL Hanford Group,
Inc., Richland, Washington.

RPP-10006, 2004, Methodology and Calculations for the Waste Groups for Large Underground
Waste Storage Tanks at the Hanford Site, Rev. 4, CH2M HILL Hanford Group, Inc., Richland,
Washington.

The mean CL and NCL densities used to calculate the flammable gas waste group assignments
for most of the 177 tanks in this revision of RPP-10006 are taken from RPP-5926, Steady-State
Flammable Gas Release Rate Calculation and Lower Flammability Level Evaluation for
Hanford Tank Waste. RPP-5926 calculates bulk mean densities for the liquid (CL) and solid
(NCL) layers. These bulk liquid and solid densities are based on a volume weighted average of
the individual waste phase densities obtained from querying the BBI Tank Density and Percent
Water report for the 177 tanks. In order to obtain an accurate tank-by-tank standard deviation for
use in conjunction with the mean densities calculated in RPP-5926, it would be necessary to
evaluate all sampling events that formed the basis for the BBI for each of the 177 tanks. Since
this is not currently done on a tank-by-tank basis as part of the normal BBI process, it was not
considered practical to do this for this revision of RPP-10006. Discussions were held with the
organization responsible for the BBI and it is planned that standard deviations associated with
the reported densities by tank and waste phase will be included in the Tank Density and Percent
Water report next fiscal year and will be used in future revisions of RPP-10006.

The tank-specific density uncertainties and distributions presented in Revision 4 of this
document have been revised. It was determined that the tank-specific standard deviations
calculated in Revision 4 did not account for transfers into or out of the tank and hence did not
correlate with current tank conditions. For this document revision, the published density relative
standard deviations for double-shell tanks (DST) and single-shell tanks (SST) from RPP-7625
have been adopted.

B3.3 DEVIATIONS IN MEAN DENSITY INPUTS

RPP-5926 is the source for the mean density inputs for all the SSTs and the DSTs except for
DSTs 241-AP-103, 241-AP-104, 241-AP-107 and 241-AP-108. Previous to the evaluation
discussed in Appendix C of this document, these four 241-AP Tank Farm tanks were not
documented as having any solids. As a result of the change from no solids to quantifiable solids,
RPP-5926 solids bulk density data (0 g/mL) cannot be applied for these tanks. Solids densities
selected for input are identified and discussed in Appendix E of this document.
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Tanks that do not have a bulk density reported in RPP-5926 or Appendix E are assighed one to
enable completion of the calculation. The lack of a mean bulk density value signifies the related
phase does not exist in the tank.

e A mean liquid phase bulk density of 1.10 g/mL is assigned as a default value for bulk
density to tanks that do not have a liquid phase.

» A mean solids phase bulk density of 1.75 g/mL is assigned as a default value to tanks that
do not have a solid phase.

« For tanks that have a mean solids bulk density reported to be less than the mean liquid

bulk density, the mean solid phase bulk density place holder (1.75 g/mL) is assigned.

B4.0 DENSITY DISTRIBUTION

B4.1 RELATIVE STANDARD DEVIATION

The correct BBI RSD is determined based on the tank type, SST or DST, and waste phase, liquid
or solid. The RSDs, as shown in Table B-1, are converted into standard deviations using
Equations 4-1 and 4-2.

CL standard deviation = CL mean * RSD Equation 4-1

NCL standard deviation = NCL mean * RSD Equation 4-2

B4.2 CONVECTIVE LAYER DENSITY DISTRIBUTION

The convective layer density is assumed to be based on a normal distribution with a known
variance. A 95% confidence interval is applied to obtain the minimum and the maximum values.
The 95% confidence interval equations specified in RPP-6924, Section 2.3, are based on
assumption of a mean based on a normal distribution with a known variance.

The minimum or 95% lower limit is calculated following Equation 4-3 with the maximum or
95% upper limit calculated following Equation 4-4. The equations are based on Equation 2-6
from RPP-6924, Section 2.3, but do not have the same variable references or multiplier order.

95% Lower Limit = Mean — (Mean x RSD x 1.96) Equation 4-3
95% Upper Limit = Mean + (Mean x RSD x 1.96) Equation 4-4
The distribution generated based on Equations 4-3 and 4-4 is applied unless the lower limit for

the liquid density falls below 1 g/mL. Calculated minimum liquid bulk densities less than
1 g/mL are truncated at 1 g/mL to maintain a realistic distribution.
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B4.3 NONCONVECTIVE LAYER DENSITY DISTRIBUTION

The nonconvective layer density is calculated as the sum of the convective layer density and a
density offset as shown in Equation 4-5.

NCL density = CL density + density offset Equation 4-5

The mean density offset is equal to the difference between the convective and nonconvective
mean densities as shown in Equation 4-6.

Density offset mean = NCL density mean — CL density mean Equation 4-6

The calculated density offset is assumed to be represented by a normal distribution with a
standard deviation equal to the nonconvective layer standard deviation. Equations 4-7 and 4-8
are used to generate the minimum and maximum for the density offset distribution. The
minimum density offset value is truncated at 1 kg/m®. Truncation of the minimum density offset
ensures the convective layer density will be at least 1 kg/m’ less than the nonconvective layer
density.

Minimum = Density offset mean — (NCL standard deviation * 2) Equation 4-7
Maximum = Density offset mean + (NCL standard deviation * 2) Equation 4-8

The nonconvective density is calculated during performance of the Monte Carlo simulation. The
nonconvective layer density for the run is calculated as the sum of the convective layer density
selected for the run plus the density offset value selected for the run. Equation 4-9 provides the
mathematical formula.

NCL density = CL density (from Monte Carlo) + Density offset (from Monte Carlo)
Equation 4-9

Dynamic selection of the nonconvective layer density is embedded in the waste group
calculation. RPP-29581, Spreadsheet Description Document for
‘!{!RPP-10006R5_Waste_Groups-Rev-44-060420 .xls’ and Associated Spreadsheets, discusses
the spreadsheet used to perform the waste group calculation in further detail.

B5.0 USE OF COMPUTER SOFTWARE

The waste types, convective layer density means, standard deviations, minimums and
maximums, as well as the nonconvective layer density means and standard deviations reported in
Tables B-2 and B-3 are compiled from the spreadsheet described below.
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Spreadsheet Verification Form Number: SVF-1117, Spreadsheet Verification & Release
Form for Spreadsheet RPP-10006 R5 Tank Physical Data 060208.xls
Base Software: Microsoft Excel' 2003
Spreadsheet Title: RPP-10006 RS Tank Physical Data 060208.xls.

Document: RPP-29121, Spreadsheet Description Document for RPP-10006 RS Tank
Physical Data 060208.xls

Author: V. S. Anda

Purpose: Determination and compilation of the tank physical property data

B6.0 RESULTS

B6.1 CONVECTIVE LAYER DENSITY DISTRIBUTIONS

Convective layer density distribution results for the 177 tanks are presented in Table B-2.

" Excel is a registered trademark of Microsoft Corporation, Redmond, Washington,

B-7



Page 86

of 198

of DA03081917

RPP-10006 REV 5

Table B-2. Convective Layer Distributions. (6 sheets)

Convective layer density (2005) RI’(;)&:)T))OG
Tank \;f‘;(s)tse(:y b Standard Standard
e Mean deviation Max Min deviation
(g/mL) {g/mL) (g/mL) (g/mL) (g/mL)
241-A-101 SC/SS-NL 1.49 0.09 1.66 1.32 0.045
241-A-102 SC/SS-NL 1.57 0.09 1.75 139 0.059
241-A-103 SC/SS-NL 1.51 0.09 1.68 1.34 0.032
241-A-104 SL-NL 1.64 0.10 1.83 1.45 0.038
241-A-105 SL-NL 1.10 0.06 1.23 1.00 NA
241-A-106 MIX-NL 1.10 0.06 1.23 1.00 0.038
241-AN-101 | SC/SS-LIQ 1.41 0.12 1.64 1.18 0.079
241-AN-102 SC/SS-LIQ 1.41 0.12 1.64 1.18 0.043
241-AN-103 | SC/SS-LIQ 1.48 0.12 1.72 1.24 0.046
241-AN-104 | SC/SS-LIQ 1.40 0.11 1.62 1.18 0.069
241-AN-105 SC/SS-11Q 1.42 0.12 1.65 1.19 0.050
241-AN-106 | MIX-LIQ 1.11 0.09 1.29 1.00 0.065
241-AN-107 | SC/SS-LIQ 1.43 0.12 1.66 1.20 0.072
241-AP-101 LIQ 1.30 0.11 1.51 1.09 0.024
241-AP-102 SL-LIQ 1.39 0.11 1.61 1.17 0.008
241-AP-103 SC/SS-LIQ 1.35 0.11 1.57 1.13 0.035
241-AP-104 SC/SS-LIQ 1.28 0.10 1.48 1.08 0.006
241-AP-105 SC/SS-LIQ 1.27 0.10 1.47 1.07 0.051
241-AP-106 LIQ 1.21 0.10 1.40 1.02 0.007
241-AP-107 SC/SS-LIQ 1.28 0.10 148 1.08 0.048
241-AP-108 SC/SS-LIQ 1.43 0.12 1.66 1.20 0.005
241-AW-101 | SC/SS-LIQ 1.47 0.12 1.71 1.23 0.069
241-AW-102 | SL-LIQ 1.26 0.10 1.46 1.06 0.047
241-AW-103 | SL-LIQ 1.24 0.10 1.44 1.04 0.064
241-AW.-104 | SC/SS-LIQ 1.35 0.11 1.57 1.13 0.022
241-AW-105 | SL-LIQ 1.06 0.0 1.23 1.00 0.038
241-AW-106 | SC/SS-LIQ 1.30 0.11 1.51 1.09 0.015
241-AX-101 SC/SS-NL 1.10 0.06 1.23 1.00 0.108
241-AX-102 | SC/SS-NL 1.10 0.06 1.23 1.00 0.046
241-AX-103 | SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-AX-104 SL-NL 1.10 0.06 1.23 1.00 0.038
241-AY-101 SL-NL 1.19 0.10 1.38 1.00 0.068
241-AY-102 SL-LIQ 1.17 0.10 1.36 1.00 0.048
241-AZ-101 SL-LIQ 1.24 0.10 1.44 1.04 0.019
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Table B-2. Convective Layer Distributions. (6 sheets)

Convective layer density (2005) RI;I;BLT))%
Tank V:;;ge‘:ype, Standard Standard
A Mean deviation Max Min deviation
@mi) || @ml) | @my | O
241-AZ-102 SL-LIQ 1.11 0.09 1.29 1.00 0.020
241-B-101 SC/SS-NL 1.10 0.06 1.23 1.00 0.000
241-B-102 SC/SS-NL 1.26 0.07 1.41 1.11 0.042
241-B-103 SC/SS-NL 1.10 0.06 1.23 1.00 0.042
241-B-104 SL-NL 1.10 0.06 1.23 1.00 0.000
241-B-105 SC/SS-NL 1.10 0.06 1.23 1.00 0.042
241-B-106 SL-NL 1.26 0.07 1.41 1.11 0.000
241-B-107 MIX-NL 1.10 0.06 1.23 1.00 0.025
241-B-108 SC/S8-NL 1.10 0.06 1.23 1.00 0.025
241-B-109 MIX-NL 1.10 0.06 1.23 1.00 0.047
241-B-110 SL-NL 1.19 0.07 1.33 1.05 0.039
241-B-111 SL-NL 1.19 0.07 1.33 1.05 0.039
241-B-112 MIX-NL 1.51 0.09 1.68 1.34 0.049
241-B-201 SL-NL .10 0.06 1.23 1.00 0.038
241-B-202 SL-NL 1.10 0.06 1.23 1.00 0.038
241-B-203 SL-NL 1.05 0.06 1.17 1.00 0.007
241-B-204 SL-NL 1.05 0.06 1.17 1.00 0.012
241-BX-101 SL-NL 1.10 0.06 1.23 1.00 0.042
241-BX-102 | SL-NL 1.10 0.06 1.23 1.00 0.038
241-BX-103 SL-NL 1.07 0.06 1.19 1.00 0.035
241-BX-104 | SL-NL 1.28 0.08 1.43 1.13 0.014
241-BX-105 | MIX-NL 1.29 0.08 1.44 1.14 0.042
241-BX-106 SC/SS-NL 1.10 0.06 1.23 1.00 0.038
241-BX-107 | SL-NL 1.10 0.06 1.23 1.00 0.038
241-BX-108 SL-NL 1.10 0.06 1.23 1.00 0.038
241-BX-109 SL-NL 1.16 0.06 1.23 1.00 0.005
241-BX-110 MIX-NL 1.44 0.08 1.61 1.27 0.130
241-BX-111 SC/SS-NL 1.10 0.06 1.23 1.00 0.064
241-BX-112 } SL-NL 1.18 0.07 1.32 1.04 0.029
241-BY-101 SC/SS-NL 1.10 0.06 1.23 1.00 0.050
241-BY-102 SC/SS-NL 1.10 0.06 1.23 1.00 0.003
241-BY-103 SC/SS-NL 1.10 0.06 1.23 1.00 0.053
241-BY-104 SC/SS-NL 1.10 0.06 1.23 1.00 0.000
241-BY-105 SC/SS-NL 1.10 0.06 1.23 1.00 0.076
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Table B-2. Convective Layer Distributions. (6 sheets)

Convective layer density (2005) ng&:)g‘))%
Tank Waste type,
MOSdMta | Mean | QW) Max | Min | R
(g/mL) (g/mL) (g/mL) (g/mL) (@/mL)
241-BY-106 SC/SS-NL 1.10 0.06 1.23 1.00 0.123
241-BY-107 SC/SS-NL 1.10 0.06 1.23 1.00 0.024
241-BY-108 SC/SS-NL 1.10 0.06 1.23 1.00 0.056
241-BY-109 SC/SS-NL 1.10 0.06 1.23 1.00 0.020
241-BY-110 SC/SS-NL 1.10 0.06 1.23 1.00 0.036
241-BY-111 SC/SS-NL 1.10 0.06 1.23 1.00 0.009
241-BY-112 | SC/SS-NL 1.10 0.06 1.23 1.00 0.007
241-C-101 SL-NL 1.10 0.06 1.23 1.00 0.038
241-C-102 SL-NL 1.10 0.06 1.23 1.00 0.038
241-C-103 SL-NL 1.07 0.06 1.19 1.00 0.063
241-C-104 SL-NL 1.10 0.06 1.23 1.00 0.005
241-C-105 SL-NL 1.10 0.06 1.23 1.00 0.070
241-C-106 SL-NL 1.02 0.06 1.14 1.00 0.060
241-C-107 SL-NL 1.10 0.06 1.23 1.00 0.032
241-C-108 SL-NL 1.10 0.06 1.23 1.00 0.038
241-C-109 SL-NL 1.10 0.06 1.23 1.00 0.000
241-C-110 SL-NL 1.10 0.06 1.23 1.00 0.064
241-C-111 SL-NL 1.10 0.06 1.23 1.00 0.038
241-C-112 SL-NL 1.10 0.06 1.23 1.00 0.107
241-C-201 SL-NL 1.10 0.06 1.23 1.00 0.038
241-C-202 SL-NL 1.10 0.06 1.23 1.00 0.038
241-C-203 SL-NL 1.00 0.06 1.12 1.00 0.038
241-C-204 SL-NL 1.10 0.06 1.23 1.00 0.038
241-8-101 MIX-NL 1.10 0.06 1.23 1.00 0.054
241-S-102 SC/SS-NL 1.10 0.06 1.23 1.00 0.122
241-5-103 SC/SS-NL 1.45 0.09 1.62 1.28 0.025
241-S-104 MIX-NL 1.10 0.06 1.23 1.00 0.017
241-8-105 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-8-106 SC/SS-NL 1.10 0.06 1.23 1.00 0.051
241-8-107 SE-NL 1.31 0.08 1.46 1.16 0.084
241-5-108 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-83-109 SC/SS-NL 1.10 0.06 1.23 1.00 0.049
241-8-110 SC/SS-NL 1.10 0.06 1.23 1.00 0.067
241-8-111 SC/SS-NL 1.45 0.09 1.62 1.28 0.069
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Table B-2. Convective Layer Distributions. (6 sheets)

Convective layer density (2005) R]?;("}Sl;%
Tank Waste type,
2005data | Mean | GIEET | Max | Min | MO
(g/mL) (g/mL) (g/mL) (g/mL) (g/mL)
241-8-112 SC/SS-NL 1.10 0.06 1.23 1.00 0.029
241-SX-101 MIX-NL 1.10 0.06 1.23 1.00 0.019
241-8X-102 SC/SS-NL 1.10 0.06 1.23 1.00 0.098
241-SX-103 SC/SS-NL 1.47 0.09 1.64 1.30 0.039
241-SX-104 MIX-NL 1.10 0.06 1.23 1.00 0.014
241-8X-105 SC/SS-NL 1.10 0.06 1.23 1.00 0.029
241-SX-106 SC/SS-NL 1.10 0.06 1.23 1.00 0.043
241-SX-107 SL-NL 1.10 0.06 1.23 1.00 0.04%
241-SX-108 SL-NL 1.10 0.06 1.23 1.00 0.038
241-SX-109 SC/SS-NL 1.10 0.06 1.23 1.00 0.046
241-SX-110 SL-NL 1.10 0.06 1.23 1.00 0.038
241-SX-111 SL-NL 1.10 0.06 1.23 1.00 0.049
241-8X-112 SL-NL 1.16 0.06 1.23 1.00 0.049
241-SX-113 SL-NL 1.10 0.06 1.23 1.00 0.038
241-8X-114 SL-NL 1.10 0.06 1.23 1.00 0.049
241-8X-115 SL-NL 1.10 0.06 1.23 1.00 0.038
241-8Y-101 SC/SS-LIQ 1.30 0.11 1.51 1.09 0.035
241-SY-102 SL-LIQ 1.27 0.10 1.47 1.07 0.109
241-SY-103 SC/SS-LIQ 1.47 0.12 1.71 1.23 0.081
241-T-101 MIX-NL 1.10 0.06 1.23 1.00 0.054
241-T-102 SL-NL 1.14 0.07 1.27 1.01 0.037
241-T-103 SL-NL 1.19 0.07 1.33 1.05 0.039
241-T-104 SL-NL 1.10 0.06 1.23 1.00 0.101
241-T-105 SL-NL 1.10 0.06 1.23 1.00 0.092
241-T-106 SL-NL 1.10 0.06 1.23 1.00 0.038
241-T-107 SL-NL 1.10 0.06 123 1.00 0.090
241-T-108 MIX-NL 1.10 0.06 1.23 1.00 0.047
241-T-109 SC/SS-NL 1.10 0.06 1.23 1.00 0.042
241-T-110 SL-NL 1.05 0.06 1.17 1.00 0.028
241-T-111 SL-NL 1.10 0.06 1.23 1.00 0.089
241-T-112 SL-NL 1.10 0.06 1.23 1.00 0.004
241-T-201 SL-NL 1.06 0.06 1.18 1.00 0.006
241-T-202 SL-NL 1.10 0.06 1.23 1.00 0.038
241-T-203 SL-NL 1.10 0.06 1.23 1.00 0.002
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Table B-2. Convective Layer Distributions. (6 sheets)

Convective layer density (2005) Rl:l;[')}]g[)mﬁ
Tank \;’;\;tse;ype, Standard . Standard
aa D . deviation M Min deviation
(g/mL) (2/mL) (g/mL) (g/mL) (@mL)
241-T-204 SL-NL 1.10 0.06 1.23 1.00 0.038
241-TX-101 SL-NL 1.10 0.06 1.23 1.00 0.047
241-TX-102 | SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-103 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-104 MIX-NL 1.44 0.08 1.61 1.27 0.015
241-TX-105 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-106 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-107 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-108 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-109 SL-NL 1.10 0.06 1.23 1.00 0.038
241-TX-110 | SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-111 SC/SS-NL 1.10 0.06 1.23 1.60 0.043
241-TX-112 | SC/SS-NL 1.10 0.06 1.23 1.00 0.047
241-TX-113 SC/SS-NL 1.10 0.06 1.23 1.00 0.054
241-TX-114 SC/SS-NL 1.10 0.06 1.23 1.00 0.044
241-TX-115 SC/SS-NL 1.10 0.06 1.23 1.00 0.048
241-TX-116 SC/SS-NL 1.10 0.06 1.23 1.00 0.003
241-TX-117 SC/SS-NL 1.10 0.06 1.23 1.00 0.042
241-TX-118 SC/S8-NL 1.10 0.06 1.23 1.00 (.048
241-TY-101 MIX-NL 1.10 0.06 1.23 1.00 0.047
241-TY-102 SC/SS-NL 1.10 0.06 1.23 1.00 0.045
241-TY-103 MIX-NL 1.10 0.06 1.23 1.00 0.047
241-TY-104 SL-NL 1.18 0.07 1.32 1.04 0,038
241-TY-105 SL-NL 1.10 0.06 1.23 1.00 0.038
241-TY-106 SL-NL 1.10 0.06 1.23 1.00 0.038
241-U-101 SL-NL 1.10 0.06 1.23 1.00 0.012
241-U-102 SC/SS-NL 1.48 0.09 1.65 1.31 0,095
241-U-103 SC/SS-NL 1.44 0.08 1.61 1.27 0.044
241-U-104 SL-NL 1.10 0.06 1.23 1.00 0.052
241-U-105 SC/SS-NL 1.10 0.06 1.23 1.00 0.034
241-U-106 SC/SS-NL 1.34 0.08 1.49 1.19 0.068
241-U-107 SC/SS-NL 1.39 0.08 1.55 1.23 0.112
241-1J-108 SC/SS-NL 1.40 0.08 1.56 1.24 0.074
241-U-109 SC/SS-NL 1.10 0.06 1.23 1.00 0.017
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Table B-2. Convective Layer Distnbutions. (6 sheets)

Convective layer density (2005) RI;Z}S;M
Tank ‘Zg;? ;ype, Standard Standard
aa Mean deviation Max hll deviation
(g/mL) (g/mL) (g/mL) (g/mL) (g/mL)

241-U-110 SL-NL 1.10 0.06 1.23 1.00 0.038
241-U-111 SC/SS-NL 1.10 0.06 1.23 1.00 0.022
241-U-112 SL-NL 1.10 0.06 1.23 1.00 0.038
241-U-201 SL-NL 1.26 0.07 1.41 1.11 0.001
241-U-202 SL-NL 1.28 0.08 1.43 1.13 0.015
241-U-203 SL-NL 1.28 0.08 1.43 1.13 0.005
241-U-204 SL-NL 1.11 0.07 1.24 1.00 0.002

Notes:
RPP-10006, 2004, Methodology and Calculations for the Waste Groups for Large Underground
Waste Storage Tanks at the Hanford Site, Rev. 4, CH2M HILL Hanford Group, Inc., Richland,

Washington.
LIQ = liquid waste form.
MIX-LIQ = mixed waste form with > 1 m liquid over solids.
MIX-NL = mixed waste form with < I m liquid over solids.
NA = not applicable.
SL-NL = sludge waste form with < 1 m liquid over solids.
SL-LIQ = gludge waste form with > 1 m liquid over solids.

SC/SS-LIQ = saltcake/salt slurry waste form with > 1 m liquid over solids.
SC/SS-NL = saltcake/salt slurry waste form with < 1 m liquid over solids.
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B6.2 NONCONVECTIVE LAYER DENSITY INPUT DATA

Nonconvective layer density input data for the 177 tanks are presented in Table B-3. The
nonconvective layer density mean data compiled in this table is used to calculate the density
offset as discussed in Section B4.3. The nonconvective layer density standard deviation included
in Table B-3 is utilized to generate the density offset distribution (see Section B4.3).

Table B-3. Nonconvective Layer Density Input Data. (6 sheets)

Nonconvective layer RPP-10006
density (2005) {2004)
Tank Waste type, 2005
data Mean Standa_rd Standi_lrd
(&/mL) deviation deviation
(g/mL) (g/mL)
241-A-101 SC/SS-NL 1.70 0.13 0.078
241-A-102 SC/SS-NL 1.67 0.13 0.088
241-A-103 SC/SS-NL 1.75 0.13 0.101
241-A-104 SL-NL 1.75 0.13 0.121
241-A-105 SL-NL 1.54 0.12 0.114
241-A-106 MIX-NL 1.70 0.13 0.125
241-AN-101 SC/SS-LIQ 1.55 0.10 0.117
241-AN-102 SC/SS-LIQ 1.53 0.10 0.057
241-AN-103 SC/SS-LIQ 1.72 0.11 0.007
241-AN-104 SC/SS-LIQ 1.59 0.10 0.055
241-AN-105 SC/88-LIQ 1.57 0.10 0.048
241-AN-106 MIX-LIQ 1.55 0.10 0.093
241-AN-107 SC/SS-LIQ 1.48 0.10 0.058
241-AP-101 LIQ 1.75 0.11 0.033
241-AP-102 SL-LIQ 1.75 0.11 0.106
241-AP-103 SC/SS-LIQ 1.61 0.10 0.033
241-AP-104 SC/SS-LIQ 1.61 0.10 0.033
241-AP-105 SC/SS-LIQ 1.61 0.10 0.028
241-AP-106 LIQ 1.75 0.11 0.033
241-AP-107 SC/SS-LIQ 1.61 0.10 0.033
241-AP-108 SC/SS-LIQ 1.61 0.10 0.033
241-AW-101 SC/SS-LIQ 1.59 0.10 0.079
241-AW-102 SL-LIQ 1.32 0.09 0.080
241-AW-103 SL-LIQ 1.49 0.10 0.144
241-AW-104 SC/SS-LIQ 1.48 0.10 0.112
241-AW-105 SL-LIQ 1.36 0.09 0.107
241-AW-106 SC/SS-LIQ 1.61 0.10 0.052

B-14




Page 93

of 198

of DA03081917

RPP-10006 REV 5

Table B-3. Nonconvective Layer Density Input Data. (6 sheets)

Nonconvective layer RPP-10006
density (2005) (2004)
Waste type, 2005
Tank data Mean Stal:lds_lrd Stat;de_nrd
(/mL) deviation deviation
(g/mL) (g/mL)
241-AX-101 SC/SS-NL 1.70 0.13 0.108
241-AX-102 SC/SS-NL 158 0.12 0.107
241-AX-103 SC/SS-NL 1.58 0.12 0.040
241-AX-104 SL-NL 1.80 0.14 0.133
241-AY-101 SL-NL 1.68 0.11 0.291
241-AY-102 SL-LIQ 1.54 0.10 0.133
241-AZ-10t SL-LIQ 1.61 0.10 0.101
241-AZ-102 SL-LIQ 141 0.09 0.056
241-B-101 SC/SS-NL 1.49 0.11 0.101
241-B-102 SC/SS-NL 1.61 0.12 0.110
241-B-103 SC/SS-NL 1.61 0.12 0.110
241-B-104 SL-NL 1.38 0.10 0.102
241-B-105 SC/SS-NL 1.65 0.12 0.112
241-B-106 SL-NL 1.38 0.10 0.037
241-B-107 MIX-NL 1.63 0.12 0.053
241-B-108 SC/SS-NL 1.68 0.13 0.109
241-B-109 MIX-NL 1.78 0.13 0.014
241-B-110 SL-NL 1.36 0.10 0.007
241-B-111 SL-NL 1.27 0.10 0.054
241-B-112 MIX-NL 1.75 0.13 0.110
241-B-201 SL-NL 1.26 0.10 0.120
241-B-202 SL-NL 1.22 0.09 0.099
241-B-203 SL-NL 1.19 0.09 0.034
241-B-204 SL-NL 1.19 0.09 0.050
241-BX-101 SL-NL 1.68 0.13 0.120
241-BX-102 SL-NL 1.75 0.13 0.077
241-BX-103 SL-NL 1.66 0.13 0.119
241-BX-104 SL-NL 1.68 Q.13 0.208
241-BX-105 MIX-NL 1.69 0.13 0.121
241-BX-106 SC/SS-NL 1.62 0.12 0.057
241-BX-107 SL-NL 1.44 0.11 0.036
241-BX-108 SL-NL 1.46 0.11 0.107
241-BX-109 SL-NL 1.52 0.11 0.014
241-BX-110 MIX-NL 1.67 0.13 0.116
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Table B-3. Nonconvective Layer Density Input Data. (6 sheets)
Nonconvective layer RPP-10006
density (2005) (2004)
Waste type, 2005
Tank data Mean Standard Standard
(g/mL) deviation deviation

(¢/mL) (g/mL)
241-BX-111 SC/SS-NL 1.45 0.11 0.098
241-BX-112 SL-NL 1.31 0.10 0.031
241-BY-101 SC/SS-NL 1.83 0.14 0.124
241-BY-102 SC/SS-NL 1.57 0.12 0.235
241-BY-103 SC/SS-NL 1.66 0.13 0.113
241-BY-104 SC/SS-NL 1.71 0.13 0.055
241-BY-105 SC/SS-NL 1.80 0.14 0.064
241-BY-106 SC/SS-NL 1.67 0.13 0.140
241-BY-107 SC/SS-NL 1.69 0.13 0.145
241-BY-108 SC/SS-NL 1.48 0.11 0.083
241-BY-109 SC/SS-NL 1.7 0.13 0.125
241-BY-110 SC/SS-NL 1,57 0.12 0.081
241-BY-111 SC/SS-NL 1.67 0.13 0.120
241-BY-112 SC/SS-NL 1.74 0.13 0.120
241-C-101 SL-NL 1.78 0.13 0.078
241-C-102 SL-NL 1.68 0.13 0.124
241-C-103 SL-NL 1.59 0.12 0.116
241-C-104 SL-NL 1.68 0.13 0.165
241-C-105 SL-NL 1.55 0.12 0.114
241-C-106 SL-NL 1.56 0.12 0.029
241-C-107 SL-NL 1.55 0.12 0.156
241-C-108 SL-NL 1.48 0.11 0.286
241-C-109 SL-NL 1.55 0.12 0.072
241-C-110 SL-NL 1.34 0.10 0.131
241-C-111 SL-NL 1.55 0.12 0.114
241-C-112 SL-NL 1.60 0.12 0.151
241-C-201 SL-NL 1.44 0.11 0.106
241-C-202 SL-NL 1.44 on 0.106
241-C-203 SL-NL 1.62 0.12 0.107
241-C-204 SL-NL 1.62 0.12 0.119
241-S-101 MIX-NL 1.65 0.12 0.085
241-8-102 SC/SS-NL 1.70 0.13 0.109
241-8-103 SC/SS-NL 1.61 0.12 0.110
241-5-104 MIX-NL 1.67 0.13 0.124
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Table B-3. Nonconvective Layer Density Input Data. (6 sheets)

Nonconvective layer RPP-10006
Waste type, 2005 density (2005) (2004)
Tank data Mean Standard Standard
(g/mL) deviation deviation
(g/mL) (g/mL)
241-8-105 SC/SS-NL 1.66 0.13 0.113
241-5-106 SC/SS-NL 1.72 0.13 0.134
241-8-107 SL-NL 1.78 0.13 0.123
241-8-108 SC/SS-NL 1.68 0.13 0.114
241-5-109 SC/SS-NL 1.66 0.13 0.113
241-S-110 SC/SS-NL 1.66 0.13 0.136
241-8-111 SC/SS-NL 1.54 0.12 0.098
241-8-112 SC/SS-NL 1.71 0.13 0.123
241-8X-101 MIX-NL 1.68 0.13 0.139
241-SX-102 SC/SS-NL 1.70 0.13 0.097
241-8X-103 SC/SS-NL 1.73 0.13 0.146
241-SX-104 MIX-NL 1.69 0.13 0.008
241-SX-105 SC/SS-NL 1.63 0.12 0.126
241-8X-106 SC/SS-NL 1.58 0.12 0.104
241-SX-107 SL-NL 1.77 0.13 0.129
241-SX-108 SL-NL 1.77 0.13 0.130
241-8X-109 SC/SS-NL 1.73 0.13 0.118
241-8X-110 SL-NL 1.76 0.13 0.129
241-8X-111 SL-NL 1.76 0.13 0.128
241-SX-112 SL-NL 1.77 0.13 0.129
241-8X-113 SL-NL 1.75 0.13 0.080
241-8X-114 SL-NL 1.75 0.13 0.125
241-8X-115 SL-NL 1.77 0.13 0.132
241-8Y-101 SC/SS-LIQ 1.52 0.10 0.075
241-SY-102 SL-LIQ 1.56 0.10 0.140
241-SY-103 SC/8S8-LIQ 1.61 0.10 0.049
241-T-101 MIX-NL 1.54 0.12 0.082
241-T-102 SL-NL 1.80 0.14 0.132
241-T-103 SL-NL 1.71 0.13 0.126
241-T-104 SL-NL 1.29 0.10 0.095
241-T-105 SL-NL 1.46 0.11 0.241
241-T-106 SL-NL 1.59 0.12 0.117
241-T-107 SL-NL 1.56 0.12 0.113
241-T-108 MIX-NL £.55 0.12 0.082

B-17




Page 96

of 198

of DA03081917

RPP-10006 REV 5

Table B-3. Nonconvective Layer Density Input Data. (6 sheets)

Nonconvective fayer RPP-10006
density (2005) (2004)
Tank Waste type, 2005
data Mean Standard Standard
(@/mL) deviation deviation
(g/mL) (g/mL)
241-T-109 SC/SS-NL 1.65 0.12 0.109
241-T-110 SL-NL 1.25 0.09 0.045
241-T-111 SL-NL 1.24 0.09 0.095
241-T-112 SL-NL 1.28 0.10 0.095
241-T-201 SL-NL 1.31 0.10 0.095
241-T-202 SL-NL 1.18 0.09 0.076
241-T-203 SL-NL 1.22 0.09 0.078
241-T-204 SL-NL 1.18 0.09 0.046
241-TX-101 SL-NL 1.74 0.13 0.128
241-TX-102 SC/SS-NL 1.61 0.12 0.110
241-TX-103 SC/SS-NL 1.61 0.12 0.110
241-TX-104 MIX-NL 1.74 0.13 0.135
241-TX-105 SC/SS-NL 1.63 0.12 0.111
241-TX-106 SC/SS-NL 1.62 0.12 0.110
241-TX-107 SC/SS-NL 1.78 0.13 0.121
241-TX-108 SC/SS-NL 1.62 0.12 0.110
241-TX-109 SL-NL 1.43 0.11 0.105
241-TX-110 SC/SS-NL 1.62 0.12 0.110
241-TX-111 SC/SS-NL 1.61 0.12 0.110
241-TX-112 SC/SS-NL 1.63 0.12 0.111
241-TX-113 SC/SS-NL 1.61 0.12 0.085
241-TX-114 SC/SS-NL 1.63 0.12 0.111
241-TX-115 SC/SS-NL 1.63 0.12 0.111
241-TX-116 SC/SS-NL 1.66 0.13 0.113
241-TX-117 SC/SS-NL 1.58 0.12 0.107
241-TX-118 SC/SS-NL 1.69 0.13 0.160
241-TY-101 MIX-NL 1.63 0.12 0.086
241-TY-102 SC/SS-NL 1.76 0.13 0.119
241-TY-103 MIX-NL 1.68 0.13 0.124
241-TY-104 SL-NL 1.65 0.12 0.122
241-TY-105 SL-NL 1.53 0.12 0.113
241-TY-106 SL-NL 1.40 0.11 0.103
241-U-101 SL-NL 1.77 0.13 0.130
241-U-102 SC/SS-NL 1.67 0.13 0.076
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Table B-3. Nonconvective Layer Density Input Data. (6 sheets)

Nonconvective layer RPP-10006
density (2005) (2004)
Waste type, 2005
Tank data Mean Standafrd Standard
(g/mL) deviation deviation
{(g/mL) (g/mL)

241-U-103 SC/SS-NL 1.70 0.13 0.106
241-U-104 SL-NL 1.43 0.11 0.075
241-U-105 SC/SS-NL 1.67 0.13 0.073
241-U-106 SC/SS-NL 1.55 0.12 0.107
241-U-107 SC/SS-NL 1.74 0.13 0.183
241-U-108 SC/SS-NL 1.68 0.13 0.075
241-U-109 SC/SS-NL 1.65 0.12 0.134
241-U-110 SL-NL 1.72 0.13 0.126
241-U-111 SC/SS-NL 1.61 0.12 0.109
241-U-112 SL-NL 1.74 0.13 0.128
241-U-201 SL-NL 1.63 0.12 0.226
241-U-202 SL-NL 1.51 0.11 0.111
241-U-203 SL-NL 1.59 0.i2 0.405
241.U-204 SL-NL 147 0.11 0.121
Notes:

RPP-10006, 2004, Methodology and Calculations for the Waste Groups for Large
Underground Waste Storage Tanks at the Hanford Site, Rev. 4, CH2M HILL Hanford
Group, Inc., Richland, Washington.

LIQ = liquid waste form.

MIX-LIQ = mixed waste form with > 1 m liquid over solids.
MIX-NL = mixed waste form with <1 m liquid over solids.
SL-NL = sludge waste form with < 1 m liquid over solids.
SL-LIQ = sludge waste form with > 1 m liquid over solids.

SC/SS-LIQ = saltcake/salt slurry waste form with > 1 m liquid over solids.
SC/SS-NL = saltcake/salt slurry waste form with < 1 m liquid over solids.
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APPENDIX C

WASTE LAYER HEIGHT AND UNCERTAINTY DETERMINATION
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APPENDIX C

WASTE LAYER HEIGHT AND UNCERTAINTY DETERMINATION
C1.0 INTRODUCTION

The purpose of this appendix is to establish waste layer height estimates and uncertainties that
are used in the flammable gas waste group calculations. In addition, because of recent concerns
about potential bias and measurement error in double-shell tank (DST) solids level measurement
techniques (PER-2006-0041, Waste Groups as a Result of Additional Uncertainty in Solids
Level), an extensive re-evalnation of the DST nonconvective layer (NCL) heights and height
uncertainties is performed in this appendix.

The following sections describe the data used for waste layers, consisting of the total waste
height, and the crust, convective layer, and NCL, as applicable. All waste layer data is assumed
to be normally distributed, and will be evaluated in Monte Carlo calculations using mean and
standard deviation data.

C2.0 TOTAL WASTE HEIGHT (SURFACE LEVEL)
AND UNCERTAINTY

RPP-5926, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability
Level Evaluation for Hanford Tank Waste, compiles tank waste layer and total waste volumes
from the Best-Basis Inventory (BBI). DST and single-shell tank (SST) total waste heights are
calculated from volumes given in this reference except as noted below. The total waste volumes
are converted to height by applying standard tank dimension factors documented in Appendix B
of RPP-7625, Best Basis Inventory Process Requirements, Rev. 6 (again, with exceptions noted
below).

Exceptions for volume data are SSTs 241-C-201, 241-C-202, 241-C-204 and 241-S-102.
Because of ongoing retrieval activities, waste volumes are not taken from RPP-5926. Instead,

waste phase summary data are obtained from the Recent Best Basis Derivation Text effective
October 1, 2005 (BBI 2006).

Exceptions for waste height calculations are the 241-B, 241-C, 241-T, and 241-U 200-series
tanks, along with SSTs 241-SX-115 and 241-U-108. Waste heights for these tanks are not
calculated using the conversion factors from RPP-7625, but are calculated with a special
calculator based on re-evaluation of tank drawings. The calculator is an updated version of
RPP-13019, Determination of Hanford Waste Tank Volumes. The updated calculator is
documented via SVF-1139, RPP-13019R1 Tank Volume Calculations 050713p.xls.

Total waste height uncertainty is the same as surface level uncertainty. For tanks with free liquid
surfaces, the surface level uncertainty is assumed to be 0.25 in. This is the uncertainty assumed
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in RPP-7625, Rev. 6, Appendix B, for tanks with an ENRAF (Enraf-Nonius Series 854 [gauge])
surface level measurement. This uncertainty applies to all of the DSTs except those with crusts
(241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and 241-SY-103). It is also assumed
that this applies to all SSTs with free liquid (1.e., supernatant).

For the DST crust tanks, the surface level uncertainty is assumed to be the crust layer
uncertainty. The crust layer uncertainty is derived from RPP-6655, Data Observations on
Double-Shell Flammable Gas Watch List Tank Behavior, Table 5-1, which gives the crust height
mean and range (e.g., 89 + 16 cm for 241-AN-103). Standard deviations are derived from the
mean and range values in SVF-1118, Spreadsheet Verification and Release Form for
Spreadsheet RPP-10006 Rev 5 Data Rebuild 060306.xls.

SSTs with no free liquid are assumed to have a surface level uncertainty of 11.5 in. based on the
surface level uncertainty (standard deviation) calculated for saltcake tanks in RPP-7625. The
reference indicates a smaller uncertainty for sludge tanks, but for this analysis, 11.5 in. is
assumed regardless of waste type.

C3.0 DOUBLE-SHELL TANK CRUST LAYER HEIGHT AND
UNCERTAINTY

Five DSTs have crust layers: 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101, and
241-SY-103. As described above, crust layer thicknesses are taken from RPP-6655, Table 5-1,
which gives the crust height mean and range (e.g., 89 + 16 cm for 241-AN-103). Uncertainties
(standard deviations) are derived from the mean and range values in SVF-1118,

C4.0 INTERSTITIAL LIQUID LAYER HEIGHT AND UNCERTAINTY

The interstitial liquid level (ILL) marks the top of the saturated (wetted) solids. It is assumed
that only saturated solids can retain gas. For tanks that have little or no supernatant, the ILL may
be below the average surface level. This configuration is seen in many SSTs due to saltwell
pumping. Analyzing only the saturated solids volume rather than the total solids volume
provides a more accurate, less conservative Waste Group calculation for tanks with this waste
configuration.

ILL heights were taken from SACS (PCSACS 2006) and consist of the latest ILL measurement
available for each tank as of November 22, 2005. Relevant data are available for 76 SSTs (the
ILL measurements for tanks 241-S-102 and 241-S-112 are not relevant since these tanks are
being retrieved).

If the ILL is lower than the NCL (see Section C6.0 for discussion of SST NCLs), then the ILL or
saturated solids height is used in Waste Group calculations rather than the NCL height.
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An uncertainty of 2.36 cm is applied to the ILL measurements. This is the maximum standard
deviation for SST neutron ILL measurements reported in Appendix B of PNNL-11373,
Flammable Gas Data Evaluation Report.

Finally, saturated NCL heights are constrained within certain limits to avoid physically
impossible conditions in the Monte Carlo analysis. For DSTs, the lower limits are essentially
zero (0.01 m or less may be used to avoid calculational difficulties that can be encountered with
zero values).

C5.0 CONVECTIVE LAYER HEIGHT AND UNCERTAINTY

Convective layer height is not determined independently. The convective layer height can be
determined from the total layer height, the NCL height, and the crust height (if any). Convective
layer height uncertainty is also considered a dependent variable, and is not calculated nor used in
the Waste Group calculations.

C6.0 NONCONVECTIVE LAYER HEIGHT AND UNCERTAINTY FOR
SINGLE-SHELL TANKS

Although uncertainty exists in NCL height for the SSTs, it is of less concern than for the DSTs
because the SSTs no longer contain supernatant liquid and solids surfaces in SSTs are typically
visible via camera. SST solids volumes in the BBI have typically been established from interim
stabilization evaluations (HNF-SD-RE-TI-178, Single-Shell Tank Interim Stabilization Record),
which took into account the surface topography of the waste on completton of interim
stabilization. The lack of significant supernatant in SSTs also ensures that they cannot display
buoyant displacement gas release event (BDGRE) behavior in their current configuration.
Hence, a rigorous evaluation of SST NCL height uncertainty was not considered warranted and
was not attempted.

For the purposes of this document, mean NCL heights for SSTs have been calculated based on
the BBI solids volume and the tank diameter and dish dimensions. The actual NCL heights used
as input data for the analysis are provided in Appendix A.

A standard deviation of 11.5 in. was used as the uncertainty associated with SST NCL height.
This uncertainty was based on the stated BBI surface level uncertainty for saltcake tanks taken
from Appendix B of RPP-7625. The documented uncertainty for sludge tanks was less, so using
the larger saltcake uncertainty for all SSTs is conservative.

Finally, NCL heights are constrained within certain limits to avoid physically impossible

conditions in the Monte Carlo analysis. For DSTs, the lower limits are essentially zero (0.01 m
or less may be used to avoid calculational difficulties that can be encountered with zero values).
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C7.0 NONCONVECTIVE LAYER HEIGHT AND UNCERTAINTY FOR
DOUBLE-SHELL TANKS

C7.1 DOUBLE-SHELL TANK NONCONVECTIVE LAYER HEIGHT AND
MEASUREMENT CONCERNS

Previous revisions of this document have used a mean NCL height for the DSTs based on the
solids volume documented in the BBI. A standard deviation of 6.5 in. was used as the associated
uncertainty in NCL height, based on the same data presented in the BBI solids level
measurement uncertainty analysis in RPP-7625.

BBI solids volumes for the DSTs are based on solids level measurements determined using a
variety of measurement techniques. The primary techniques used are sludge weight, zip cord,
and core sample extrusion. The solids height in DST 241-SY-101 is based on gamma scans.
Three tanks are based on a more complex analysis considering a number of techniques. Other
techniques that have been used include ball rheometer data, temperature validation scans, and
most recently measurements made using an ENRAF densitometer.

The waste configuration found in certain DSTSs consisting of a large volume of concentrated
supernatant on top of a large volume of settled solids is the only configuration in which BDGREs
have actually occurred. Therefore, it is important to understand the volume of solids in the NCL,
as this is a key factor in estimating the amount of gas that can be retained and released in a
BDGRE. The DSTs are in active use for both routine transfers and as receiver tanks for solid
wastes from SST retrievals and it is important to be able to preclude conditions that would result
in BDGRE behavior. However, determining an accurate NCL height in the DSTs is inhibited by
the presence of a supernatant liquid layer that prevents direct observation of the underlying solids
layer.

PER-2006-0041 identified that the different techniques used for measuring the height of settled
solids (i.e. NCL height) in DSTs may not provide a conservative estimate of the height of settled
solids relative to measurement techniques originally used in the Waste Group A tanks as the
basis of the methodology established to analyze BDGRE behavior. In particular, it is postulated
that certain measurement techniques, such as sludge weight and zip cord, may provide a low
estimate of the NCL height compared to (for example) ball rheometer measurements that were
the original basis for the BDGRE methodology. PER-2006-0041 also identified that significant
uncertainty exists in the topography of the settled solids surface that may not be adequately
bounded by the stated uncertainty used in previous revisions of this document. Uncertainty in
solids level measurements may result from the contribution of two primary factors:

e Some measurement methods may be less sensitive than other methods and may provide a
relative bias compared to each other or more significantly to the techniques used to
develop the BDGRE Waste Group calculation methodology.

e Measurements taken in the same tank at different times or different locations may result
in different solids level readings. This may be the result of subjectivity of the
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measurement method resulting in variability between readings or differences in
topography of the solids surface resulting in different readings at different locations.

The following sections of this appendix attempt to address these issues by quantifying relative
bias between measurement methods and by determining an overall uncertainty (or standard
deviation) in readings after adjusting for any bias between methods.

The present evaluation does not address these issues to the fullest extent possible. The data set
of solids level measurements currently assembled, although extensive, is not complete and the
analysis is limited to more of a reasonably conservative treatment of these issues.

C7.2 NONCONVECTIVE LAYER HEIGHT MEASUREMENT METHODS

C7.2.1 Description of Measurement Methods
A brief outline of solids (or NCL) measurement techniques is as follows.

Ball rheometer: The ball rheometer is a tungsten ball (3.6 in. in diameter and 16 Ib) that was
deployed in the flammable gas watch list tanks. The ball was raised and lowered through the
waste and the wire tension measured via a load cell. PNNL-11296, In Situ Rheology and Gas
Volume in Hanford Double-Shell Waste Tanks, states how the interface between the convective
and NCLs was detected in each tank:

. . . we locate the top of the non-convective layer by slowly dropping the ball from the
convective region and observing the apparent weight of the ball. At the boundary the
apparent weight begins to drop as the ball becomes increasingly supported by the fluid.”

(.2.2)

The ball rheometer locates the liquid level and the top of the non-convective layer in each
riser to within one ball radius (4.6 cm). Passage of the ball through the liquid is taken to
be the midpoint of the decrease in tension due to increasing buoyancy as the ball
submerges.” (p. 2.6)
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Figure C-1. Ball Rheometer Data for Nonconvective Layer Interface for
Double-Shell Tank 241-AN-105 (Figure 2.5 of PNNL-11296).

65

Force (N)

Solids level 1B
1343 cm
1 i 1 1 k 3 { i 12 i ]
1
1280 1300 1320 1340 1360
Distance Below Home (cin) -

Figure C-1 shows this graphically. As the ball is lowered at a constant rate, the wire tension is
constant through the convective layer and then deflects (decreases) as more resistance is detected
in the NCL.

Core sample extrusions: Based on lab photos and video, sample recovery data, and field core
sampling data, the level of solids can be estimated. This was considered (PNNL-15238,
Predicting Peak Hydrogen Concentrations from Spontaneous Gas Releases in Hanford Tank
Wastes, Appendix D) to be the least accurate of the three methods typically used in the
flammable gas tanks (i.c., ball rheometer, temperature validation probe, or core sample
extrusion).

ENRAF densitometers: This device consists of a weight (displacer) on a wire, which is lowered
into the supernatant. The device detects interfaces and density by measuring the weight or
tension of the wire. The solids layer is determined as a decrease in wire tension by a specified
amount. For the current DST 241-AN-106 application, the displacer has a mass of 239 g and the
solids level is determined by a decrease in tension equivalent to 25 g. As of January 2006,
densitometers are installed in DSTs 241-SY-102, 241-AN-106, 241-AY-102, and two
densitometers are installed in DST 241-AN-107.

ENRAF surface level devices: The standard ENRAF surface level measurement device installed
on many DSTs and SSTs can be reprogrammed to detect a second interface (i.e., the solids level
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interface). This is not a standard operation and requires a field activity (e.g., reprogramming,
flushing). Solids level measurements of this type have been performed in DSTs 241-SY-101 and
241-SY-102 in the past (2W-99-00456, Flush 101-SY-1C ENRAF and Place in I-2 Mode to
Determine Sludge Level of Tank 241-SY-101, and 2W-99-00251, Obtain Sludge Level in
SY-102).

Temperature validation scan: The Group A flammable gas tanks (DSTs 241-AN-103,
241-AN-104, 241-AN-105, 241-AW-101, and 241-SY-103) have a multi-function instrument
tree (MIT) installed with 22 thermocouples spaced out at 12 to 48 in. intervals. In addition, DST
241-AY-102 has an MIT installed, and DST 241-SY-101 has two MITs. The MIT is a hollow
pipe through which other measuring devices can be deployed. A temperature validation probe
has been deployed in these tanks consisting of a resistance temperature detector. The probe is in
contact with the pipe which conducts heat from the waste. By pausing periodically
(approximately every 4 to 6 in.) for temperature equilibration, the probe is used to measure the
temperature profile. The layer interface is identified by the transition from the isothermal
convective layer to the warmer NCL. This technique can only be used in tanks with MITs. Most
other tanks have regular thermocouple trees with thermocouples spaced at 24 to 48 in. intervals,
which is not close enough for precise determinations of convective and NCLs.

Gamma and neutron scans: Gamma detectors and neutron source/detectors have been deployed
in MITs and drywells in DSTs and liquid observation wells in SSTs. The gamma scan is usunally
considered to be an indication of "*’Cs activity, the primary gamma emitter in the waste. Cesium
is largely soluble, so counts are usually higher in the liquid. Thus, the solids level is estimated as
the point where the gamma counts begin to decrease from the higher levels in the convective
layer. If the solids interstitial liquid is higher in '*’Cs than the supernatant (because of transfers),
or if the solids are high in radioactive **Sr/*®Y, then the counts in the solids layer can be higher
than in the liquid layer.

Neutron scans have been more useful for detecting interstitial liquid levels or the presence of
trapped gas such as the old crust layer in DST 241-SY-101. This technique measures neutrons
reflected by hydrogen (considered an indication of water), and is often not sensitive to
differences between liquid and wetted solids.

Sludge weights: Sludge weight readings are performed via procedure TO-040-560, Tank Farm
Sludge Level Readings, on an as-needed basis to support Engineering. A sludge weight with a
known cable length hangs from the riser cap of selected risers. The weight is a short
(approximately 2 in.) section of 1.5 or 2 in. diameter pipe weighing up to approximately 1.5 1b.
Sludge weight designs can differ slightly from farm to farm. The operator attaches a measuring
tape to the cable and lowers the assembly until a solid interface is detected. The sludge weight is
suspended in the waste if the tank is filled, and over time salt solids can build up, resulting in
reduced sensitivity. Repeated measurements can cause a localized depression in the solids. This
has been observed for surface level measurements in SSTs with exposed solids.

Zip cords: A zip cord is an insulated conductive wire attached to a plummet, which is lowered
into the riser from the riser flange or a fixed elevation above it (the riser adapter or top hat).

“The distance from the riser to the waste surface is required for many jobs such as leak detection,
sampling, level gauge installations or repairs, or tank equipment instaliations” (RPP-10141,
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Exceptions to Ignition Source Controls). The liquid or surface level is indicated when an
electrical signal (continuity) is detected. Zip cords are also used for solids level measurements.
The solids level is calculated from the depth at which physical resistance is sensed, or the cable
goes slack. Solids level zip cord measurements are typically associated with a core or grab
sampling event, and are performed to determine sample points, or at the request of Engineering
(e.g., in the Tank Sampling and Analysis Plan). Different plummets are used for different
applications. Up until mid-2004, the plummet used for solids level determinations was a 1.5 in.
section of 1.5-in.-diameter, schedule 160, steel pipe weighing approximately 0.6 Ib. Since then,
the zip cord weights have been the same as the sludge weights (approximately 1 to 1.5 Ib).

Other techniques: A method under development is the Solid-Liquid Interface Monitor (SLIM).
This is a low-frequency acoustic imaging system which may allow mapping much of the tank
from one installed location rather than single point measurements like the techniques described
above. Installation of the first SLIM devices in Hanford DSTs is planned for fiscal year 2007 or
2008.

Photograph and video evaluation can be used for volume determination when solids are exposed.
SST solids volumes are typically estimated in this way (HNF-SD-RE-TI-178). One technique
used during historical tank sluicing was solids mapping from photographs, used in coordination
with pumping and liquid level measurement to allow contour mapping (RHO-ST-30, Hanford
Radioactive Tank Cleanout and Sludge Processing). Transfer material balances can also provide
useful information on the presence of solids (TFC-ENG-CHEM-D-44, Resolution of Waste
Transfer Material Balance Discrepancies).

C7.2.2 Effect of Waste Consistency on Measurement Uncertainty

Conceptually, it seems evident that the waste consistency will affect the measurement techniques
differently. For example, hard layers are difficult to retrieve with core sampling, especially push
mode. Core sample recoveries have indicated solids heights could be biased low in these wastes.
Measurements in tanks with hard solids layers should exhibit good agreement between physical
measurement methods such as sludge weight, zip cord, densitometer, and ball rheometer, as well
as indirect methods such as gamma and temperature profiles.

Loosely settled solids (waste with low-yield strength) should be easily recovered in core
sampling, and thus core sampling, temperature profiles, and perhaps gamma scans should result
in the most conservative measurements. Methods that rely on solids layer resistance to slow or
stop a descending weight (zip cord, sludge weight, densitometer) may be biased lower in these
types of solids. Automated physical measurements (densitometer and ball rheometer) should
provide more consistent measurements than human techniques (sludge weights and zip cords).

Some examples of sludge weight and zip cord data show good consistency among
measurements. The 241-SY-102 zip cord measurements have been taken in riser 3 during
sampling events for many years. These measurements correlate well with the process history of
the tank as noted on Figure C-2. The variability observed from April 2000 to December 2004 is
only 3 in., part of which can be explained as actual solids increase due to saltwell pumping
activities.
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Figure C-2. Sediment Level History for Selected Risers, Double-Shell Tank 241-SY-102.
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However, other examples of measurements in solids with low-yield stress illustrate the
subjectivity inherent in zip cord and sludge weight measurements.

Sludge level measurements taken in DST 241-AN-107 in March 2003 initially indicated 85, 83,
and 92 in. (rounded to the nearest inch) in risers 3, 18, and 19, respectively. The work package
2E-03-00339, Perform 241-AN-107 Sludge Level Readings, indicates that a measurement in
riser 20 did not detect resistance until the sound of metal on metal was heard when the weight
assembly contacted the tank bottom. This sludge weight felt lighter than the other three. The
existence of the sludge weight on the cable was confirmed and the measurement was
reperformed a few days later. The field work supervisor and two operators felt a very slight
difference in resistance at a cable depth corresponding to a sludge level of 82 in. During
readings taken 2 months later in May 2003, the reading in riser 3 was not recorded, because the
sludge weight could not be felt (i.e., there was “no restriction in the waste™) (2E-03-00794,
241-AN-107 Sludge Weight Readings).

A zip cord measurement was taken in February 1998 in riser 20 of DST 241-AN-102. A solids
level measurement of 38 in. is calculated based on the first indication of solids (ES-97-00599,
241-AN-102 Obtain Grab Samples). A “slack cable” reading was noted at 26 in. of solids.
Several subsequent readings from 2000 to 2004 have indicated 63 to 73 in. of solids at that riser.
Solids precipitation from depletion of hydroxide and other mechanisms may account for some of
the increase.

The DST 241-AP-108 sludge weight measurements were taken in September 2005. Results were
63, 63, and 33 in. of solids (rounded to the nearest inch) in risers 18, 19, and 20, respectively.

C-9



Page 114 of 198 of DA03081917

RPP-10006 REV 5

Conversations with the field work supervisor and an operator (personal communication,
Chapman 2005) indicated that the lowest measurement (riser 20) was taken first. In taking
measurements in the other risers, a slight resistance was detected at cable depths corresponding
to the higher measurements. It was conveyed that the same response might have been indicated
at the first riser if measurements were retaken.

In summary, the measurement method is expected to make little difference if the solids layer is

firm and the interface between solids and liquids is distinct. In weaker solids, differences can be
substantial. The human interpretation involved in the zip cord and sludge weight measurements
will inevitably lead to much larger variability than mechanical techniques such as densitometers.

C7.2.3 Current Measurement Techniques Compared to Those Used to
Develop Waste Group Methodology

The concern identified in PER-2006-0041 is that the solids level measurement methods currently
used are not the same as the methods originally used in the Waste Group A flammable gas tanks.
The buoyancy ratio criterion, which is a critical part of the waste group methodology, was
developed by Pacific Northwest National Laboratory (PNNL-13337, Derivation of the Buoyancy
Ratio Equation From the Bubble Migration Model) based on an extensive data set collected
mostly in the historical flammable gas tanks from approximately 1995 through 2000. This data
included measurements of NCL height using a variety of techniques.

The techniques used to measure the NCL height for the Waste Group A tanks included ball
rheometer, MIT temperature validation profile, and core sample extrusion. After the original
analysis of NCL heights was completed, measurements were made for DST 241-SY-101 using
MIT gamma scans. These solids level measurements for the Waste Group A tanks are presented
in PNNL-15238 (except for DST 241-SY-101, which is no longer a Group A tank), and
summarized in Section C7.4.1 of this appendix.

Ball rheometer, MIT temperature validation, and gamma scan techniques were not typically and
are not normally used in other tanks. The typical techniques currently used for the remaining
DSTs are core extrusion, sludge weight, and zip cord, with ENRAF densitometers now being
used in a handful of tanks, and gamma scans are available for DSTs 241-SY-101 and
241-AY-101.

If there is a bias between the methods typically used now (almost exclusively sludge weight, zip
cord, and densitometer) and the methods originally used to define the Waste Group A flammable
gas tanks, then the calculation may not be conservative.

Conceptually, ball rheometers, core extrusions, MIT temperature validation probes, gamma
scans, and densitometers would seem to be conservative compared to sludge weight and zip cord
measurements. As discussed above, several factors are involved, including waste consistency
and human interpretation factors. The data generally seem to bear this out. Sludge weights do
appear to have a bias relative to densitometers.
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The following sections attempt to confirm and quantify this suspected bias by comparing the
measurement techniques.

C7.3 DETERMINATION OF BIAS BETWEEN MEASUREMENT TECHNIQUES

C7.3.1 Comparison of Different Techniques in Same Riser

The most directly relevant measurement comparisons are measurements taken using different
techniques in the same location (riser), at or near the same time. Measurements compared in this
way will exclude differences that result from changes in surface topography or from changes in
solids level with time. Examples of such direct comparisons are provided in the subsections
below. A comparison of different techniques taken from different locations in the same tank is
presented in Section C7.3.2.

C7.3.1.1 Comparison of Sludge Weight and Zip Cord Measurements

In DST 241-SY-101, a sludge weight measurement of 86.8 in. was recorded for riser 6 on
August 22, 2005. The sludge weight was removed for sampling and a zip cord measurement
corresponding to 84.5 in. was taken on January 15, 2006. This is consistent with expectations for
these two methods. Conceptually, they are identical, although results would be expected to vary
based upon the sludge weight or plummet design, salt buildup, and the human interpretation
involved.

C7.3.1.2 Comparison of ENRAF Densitometer and Sludge Weight Measurements

Sediment levels measured by the ENRAF densitometers recently installed in DST 241-SY-102
and DST 241-AN-106 can be compared to sludge weight measurements in the same risers.
Sludge level measurements prior to the DST 241-AY-102 and 241-AN-107 densitometer
installations were not available.

For DST 241-SY-102, a sludge weight measurement was taken in riser 19 on December 9, 2004.
The reading was 46.6 in. An ENRAF densitometer was installed in riser 19 on December 14

(5 days later) and the sediment level measured was 52.7 in. Transfer activities were minimal
during that time. The difference between these readings is 6.1 in.

For DST 241-AN-106, the riser 1 sludge weight readings are considered to be in error by 17 in.
because of an incorrect sludge weight cable length. This is described in the work package for the
densitometer installation (2E-04-01498, 241-AN-106 Install New ENRAF Densitometer). Given
that, the sludge weight measurement taken in riser 1 on December 13, 2005, of 45.1 in. should be
17 in. less, or 28.1 in. The densitometer sediment level reading in that riser taken about 1 month
later (January 16, 2006) was 36.8 in., a difference of 8.7 in. Tank surface level data indicate no
change, other than evaporation, during that span (TWINS 2006).

Both tanks were receiving SST retrieval waste, including solids, immediately prior to the
measurements. Recently transferred solids should be relatively “soft”” and thus any measurement
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bias between methods should be magnified in these tanks. Therefore, the average offset or bias
of about 7 in. between sludge weight and densitometer measurements should be slightly
conservative for most wastes. Table C-1 presents the data for these two cases in both absolute
(offset) and relative (ratio) comparisons.

Table C-1. Comparison of Densitometer and Sludge Weight Data.
Sludge Densitometer Offset Ratio, sludge
Tank weight in.) (densitometer — weight/ Comment
(in.) (. sludge weight) densitometer
241-SY-102 46.6 527 6.1 88% -
241-AN-106 28.125 36.81 8.7 76% Adjusted sludge
weight data based
on data sheet in
work package
2E-04-01498.
Average 7.4 82% -~

C7.3.1.3 Comparison of Zip Cords and Core Extrusions

Solids level measurements are typically taken by zip cord prior to core sampling. Tanks for
which the BBI solids estimate is based on core samples are compared to the zip cord readings
taken prior to sampling in Table C-2.

Table C-2. Comparison of Core Extrusion and Zip Cord Data. (2 sheets)

Core Zi Offset o
3 ip Ratio, core
extrusion (core — .
Tank cord . extrusion/ Comment
{(BBI) (in.) zip cord) zip cord
(in.) i (in.)
241-AN-103 149.00 - - - 1996 core samples, risers 12A and 21A. No
zip cord data readily available.
241-AW-101 11200 | - - - 1996 cores in risers 24A and 24B. No zip
cord data readily available.
241-AW-103 113.75 | 121.2 -7.5 94% The solid waste volumes were determined
from the 1997 and 1999 core samples.
Risers 11 and 13 in 1997 and riser 3 in 1999
(new riser numbering). Zip cord result
averaged from applicable data in Table C-7.
241-AW-104 81.00 82.1 -1.1 99% BBI based on 1997 core samples, risers 13,
14, and 17 (new numbering). Zip cord result
averaged from applicable data in Table C-7.
241-AW-105 96.00 84.6 1.4 101% 1997 core samples, risers 11 and 13 (new
numbering). Zip cord result averaged from
applicable data in Table C-7.
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Table C-2. Comparison of Core Extrusion and Zip Cord Data. (2 sheets)

Core Offset

extrusion Zip (core - BRIy
Tank (BBI) cord Zi rd) extrusion/ Comment
(in) (in.) p(i':‘“) zip cord
241-SY-102 52.83 40.3 12.5 131% November 2000 cores, 2 from riser 21 and

one fromriser 3. Zip cords from October
2000. Zip cord result averaged from
applicable data in Table C-7.

241-SY-103 121.04 - -- -- March 2000 core samples. No zip cords
- were performed.

More data could be found by expanding the scope to include laboratory data reports and core
sample work package records. This comparison is limited to core extrusion solids levels stated
directly in BBI, which require no additional analysis. Based on the data presented, there is not
an obvious bias between the methods. The data for DSTs 241-AW-104 and 241-AW-105 are
very similar. The average zip cord measurement is higher for 241-AW-103 and significantly
lower for 241-SY-102. The 241-AW-103 comparison is problematic. The zip cords from 1997
(both 114 in.) are consistent with the core samples. The zip cord from 1999 of 135 in. is
significantly different than the core extrusion of 117 in. Also, two of the three measurements
show a discrepancy between zip cord calculation methods (RPP-CALC-28931, Zip Cord Solids
Measurements for Double-Shell Tanks), perhaps indicating a problem with the measurements.

C7.3.1.4 Comparison of Gamma Scans and Temperature Profiles

Gamma scans and temperature profiles were extensively evaluated in DST 241-8Y-101
(RPP-6754, Remediation of Crust Growth and Buoyant Displacement Gas Release Behavior in
Tank 241-SY-101). Figures 3-5 and 3-6 of RPP-6754 present gamma scans and temperature data
from 241-SY-101 following dilution, transfer, and mixer pump runs to remediate gas retention
safety issues. The document estimates an NCL height of 103 in. based on gamma scans and

101 in. based on temperature profiles as of August 31, 2000.

C7.3.1.5 Summary of Direct Method Comparisons

Comparisons of the measurement techniques of zip cord and sludge weight did not indicate a
bias between the techniques, and conceptually these methods are virtually identical. The
comparison between core sample extrusion and zip cord measurements in the same riser
indicates good agreement in some cases and variability in others, with no consistent bias
indicated. Comparing the original Waste Group A measurement techniques of gamma scan and
temperature profile to each other in 241-SY-101 did not indicate a bias between these methods.

No direct comparison data (same riser, similar date) are available to compare the more accurate
Waste Group A measurement techniques of ball rheometer, temperature validation probe, or
gamma scan, to the current primary measurement techniques of sludge weight and zip cord.
Measurements made using ENRAF densitometers conceptually are considered to be similar to
measurements made using the ball rheometer originally used in the Waste Group A tanks, since
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both methods are instrumented to detect small changes in cable tension. Comparison of
measurements taken using the ENRAF densitometer to sludge weight readings in the same riser
using the two examples in DSTs 241-AN-106 and 241-SY-102 do indicate a bias of
approximately 7 in., with the densitometer reading higher than the sludge weights.

Some data is available to compare gamma scan data to studge weight data, albeit at different
locations (or times) within the same tank. Since these comparisons may include effects due to
topography, they are not used specifically to determine a measurement bias, but rather to provide
additional support to the postulated difference in accuracy between different measurement
techniques. These comparisons are discussed in Section C7.3.2.2.

The data set is sparse for all of these comparisons. The postulated bias or ofiset observed
between sludge weight and densitometer seems to be confirmed by the direct measurements. To
err on the conservative side in Waste Group calculations, this correction factor of 7 in. should be
applied when utilizing sludge weight and zip cord data with densitometer data. No other method
biases should be applied based on the data evaluated. Thus, densitometer measurements should
be considered equivalent to the remaining measurement techniques (e.g., gamma scan, core
extrusion). Therefore, the net effect is that the sludge weight and zip cord measurements should
be adjusted upward by 7 in. for calculations in this appendix, and all other measurements should
not be adjusted.

C7.3.2 Comparison of Different Techniques in Different Risers

Drawing firm conclusions based on comparisons of different methods taken from different nisers
within a tank is more difficult. Differences between measurement techniques may only be
apparent if the solids surface is fairly uniform, or if the bias between techniques is dramatic,
since variations in solids level due to topography changes may mask the differences due to
measurement technique.

C7.3.2.1 Comparison of Slndge Weight, Zip Cord, and Densitometer Data

For this comparison, the unadjusted, “recent,” sludge weight, zip cord, and densitometer data
from Table C-7 below were used to calculate average results for each method from each tank.
Using recent data for comparison should eliminate most concerns about changing solids levels
over time rendering much of the data irrelevant. Results are shown in Table C-3. Most tanks
presented had both sludge weight and zip cord data. Same-tank comparisons indicate significant
variability in these averages, but with no obvious bias towards either technique. This is
consistent with the conceptual arguments that these techniques will show more variability, but
are essentially the same technique. The densitometer and gamma scan data, although not as
numerous, indicate consistently higher measurements versus zip cord and sludge weights, with
the possible exception of DST 241-AN-107. This is consistent with the conceptual arguments
regarding bias and the offset calculated for densitometers above. A caveat is that surface level
variability may be significant, and is not accounted for in this analysis. The effect of different
measurement locations is discussed in Section C7.5.1.
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Table C-3. Average Recent Data by Technique (Unadjusted).

Tank Sludge weight Zip cord Densitometer Gamr-na scan

(in.) (in.) (in.) (in.)
241-AN-101 8.4 17.2 = =
241-AN-102 47.7 66.7 - -
241-AN-106 304 202 36.8 -
241-AN-107 84.5 84.1 85.9 -
241-AP-103 7.7 8.7 - -
241-AP-105 40.1 414 -- -
241-AP-108 53.3 273 - -
241-AW-106 103.0 98.6 - -
241-AY-101 - 35.0 -- 422
241-AY-102 54.8 60.9 - -
241-8Y-101 79.8 84.5 - 105.1
241-SY-102 50.3 59.5 64.6 -
Notes:

Source data from Table C-7.

Averages documented via SVF-1112, 2006, Spreadsheert Verification and Release Form for
Spreadsheet ‘SVF-1112 All Solids R0O.xIs’, Rev. 0, CH2M HILL Hanford Group, Inc., Richland,
Washington. An “average” may consist of only one result for that technique.

Tanks with only one technigue reported are not included.

C7.3.2.2 Comparison of Gamma Scan, Sludge Weight and Zip Cord Data

DST 241-SY-101 has been of particular interest in previous revisions of this document because
the BBI solids level has been based on gamma scans, unlike any other tank. Previous solids
levels from gamma scans in the MITs of 103 in. (2000) and 102 in. (2001) are discussed in
Section C7.3.1.4. Gamma scans were performed on February 9, 2006, in riser 18 (called MIT
17B per the old riser numbering) and riser 19 (MIT 17C). Results are reported in PCSACS
{PCSACS 2006) as 8.751 ft (105.0 in.) for riser 18 and 8.761 ft (105.1 in.) for riser 19. These
measurements are significantly higher than the latest sludge weight and zip cord readings as
shown in Table C-4.

Table C-4. Recent Solids Measurements in Double-Shell Tank 241-SY-101.

Date Riser Mea‘?;;gme"t Technique
1/15/2006 6 84.5 zip cord
8/22/2005 6 86.8 sludge weight
8/22/2005 21 79.8 sludge weight
2/9/2006 18 105.0 gamma scans
2/9/2006 19 105.1 gamma scans
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The reasons for the large difference may be due to different locations (topography) or to a
methodology bias exaggerated by a relatively soft solids consistency in DST 241-SY-101.

C7.3.3 Recommended Bias Adjustment

Conceptually, ball rheometers, core extrusions, temperature profiles, gamma scans, and
densitometers would seem to yield conservative measurements of NCL height compared to
sludge weight and zip cord measurements. The data reviewed above generally seem to bear this
out. Densitometer measurements are considered equivalent to ball rheometer measurements that
were the primary methodology used in the Waste Group A tanks. The measurement
comparisons show that sludge weights do appear to have a bias relative to densitometers. This
bias is considered to be representative of the bias between current measurement methods and the
original methods used to develop the Waste Group methodology.

The recommendation that will be used throughout this document is that all measurement
techniques will be treated equally except sludge weight and zip cord measurements. These
techniques are considered to be biased low based on the comparison to densitometer
measurements documented in Section C7.3. Therefore, average NCL heights measured by
sludge weight or zip cord will be adjusted upwards by 7 in. to normalize those measurements to
the same basis used to develop the original waste group methodology prior to calculating an
average tank solids level for this appendix.

C7.4 DETERMINATION OF UNCERTAINTY (STANDARD DEVIATION) IN
MEASUREMENTS

As discussed in Section C7.1, differences in solids level measurements may be the result of a
bias between measurement techniques, as discussed in the previous section, or may be the result
of variability due to subjectivity of the technique or due to differences in topography of the solid
surface within a tank. If all solids level measurements are adjusted to the same basis, then the
variability between measurements resulting from subjectivity of technique and surface
topography effects can be quantified. This section of the document attempts to quantify this
uncertainty through calculating a standard deviation between measurements.

C7.4.1 Recommended Uncertainties for Waste Group A Tanks

PNNL-15238 presents a detailed investigation of the NCL height uncertainties related to the five
Waste Group A tanks. In PNNL-15238, Appendix D, the results of the NCL height evaluation
are presented as follows.

Sediment layer depth data for Hanford tanks AN-104, AN-105, AW-101, and
SY-103 are investigated in this appendix. For each tank, we have up to three
different measurement methods to evaluate the sediment depth. From sampler
configuration and/or application, estimates are provided as to the “believability”
or “reliability/repeatability” of that measurement method, denoted as omi. The
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three methods are ball rheometer, core samples, and the temperature validation
probes deployed in the multifunction instrument trees (MITvip).

For each source, the believability is given as one standard deviation of the total
range (assumed to be normally distributed; one standard deviation is 1/6 of the
range) of the instrument. Layer interface identification is made with the ball
rheometer by the changing buoyancy of the ball. To account for the changing
buoyancy as the ball passes through the interface, the ball diameter, 10 cm, is
taken to be the range. For the core samples, two 19-inch segment lengths to
identify interfaces (range is increased to 40 inches to allow for possible partially
full segments). Validation probe temperature measurements are typically taken
every 4 inches, and two to three readings are typically required to determine an
interface so the range is estimated at 12 inches. The respective omi for each
method are thus 0.017, 0.17, and 0.051 m. (PNNL-15238)

The “repeatability” estimates of 0.017, 0.17, and 0.051 m, or 1/6 of the range, correspond to 0.7,
6.7, and 2.0 in. for ball rheometer, core extrusion, and temperature validation profile,
respectively. The document then states that “estimated mean and median depths should be
weighted according to the believability of each instrument,” and derives weighting factors of
0.89 for ball rheometer, 0.01 for core extrusions, and 0.10 for MIT validation profiles. So the
weighted means below are based almost exclusively on the ball rheometer, and the core
extrusions are virtually insignificant. The source data from the tanks evaluated in PNNL-15238,
Appendix D, is shown in Table C-5.

Table C-5. Sediment Height Data by Tank (from Table D.2 of PNNL-15238).

Tank Ball rheometer (m) Core samples (m) MIT validation profile (m)
241-AN-103 3.74,3.86 2.92,3.86 3.64,3.71,3.71,3.71
241-AN-104 4.12,3.72 4.4,3.65,4.6 4.47,4.17,4.17,4.25
241-AN-105 4.55,4.05 3.95,3.98 4.93,4.78,5.01, 4.93,4.93
241-AW-101H* 2.59,2.78 2.9 -
241-AW-101C* -- - 257,295,295 ,287,3.1
241-8Y-103 32,329 337,29,2.84 2.57,3.556, 3.71, 2.95, 3.25, 4.09,

3.64,3.1,3.56,3.71

Notes:

**H” or “C” denotes hot and cold states for double-shell tank 241-AW-101, postulated in PNNL-15238
as a point in time where the waste behavior changed markedly.

PNNL-15238, 2005, Predicting Peak Hydrogen Concentrations from Spontaneous Gas Releases in
Hanford Tank Wastes, Pacific Northwest National Laboratory, Richland, Washington.

MIT = multi-function instrument tree,
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PNNL-15238 continues,

...sediment layer depth distributions were made based on combination of
measurements, resulting in the weighted mean and median estimates presented in
Table 3.6. The maximum and minimum values are the weighted median + 3
standard deviations. The standard deviations for hot and cold AW-101 are
affected by the available data sources. This artifact is negated by assigning the
average standard deviation of the other tanks. The difference in the median and
mean in AW-101C is neglected given the altered standard deviation and assuming
a normal distribution.

The standard deviations are such that application in a normal distribution results
in sediment depths that are expected to bound the measurements (compare

Tables 3.4 and 3.5). The exception is the maximum AN-105 depth, a resuit of the
weighting methodology that takes into account the relative accuracy of the
measurements. (PNNL-15238)

The standard deviations are also weighted based on the “believability” and the number of
observations for each method. The effect is not as simple as with the means. The effect seems
to be that the core and especially temperature profiles have a much greater effect on the
variability than they do on the mean. Weighted average NCL heights and weighted standard
deviations as presented in PNNL-15238, Table 3-6, are shown in Table C-6, along with
conversions from meters to inches.

Table C-6. Weighted Averages and Variability for Group A Tanks.?

Weighted Weighted Standard

Tank median mean deviation Data points
m (in.) m (in.) m (in.)
241-AN-103 3.787 (149.1) 3785 (149.0) 0.29 (11.4) 8
241-AN-104 3.954 (155.7) 3.957 (155.8) 0.31(12.2) 9
241-AN-105 4,360(171.7) 4,358 (171.6) 0.154 (6.1) 9
241-AW-101H 2.687 (105.8) 2.687 (105.8) 0.287 (11.3) 3
241-AW-101C 2,950 (116.1) 2.888(113.7) 0.287 (11.3) 5
241-8Y-103 3.273(128.9) 3.260(128.3) 0,395 (15.6) 15
Notes:

Data (m) from PNNL-15238, Table 3-6.
1" or “C” denotes hot and cold states for double-shell tank 241-AW-101, postulated in

PNNL-15238 as a point in time where the waste behavior changed markedly.

PNNL-15238, 2005, Predicting Peak Hydrogen Concentrations from Sponianeous Gas
Releases in Hanford Tank Wastes, Pacific Northwest National Laboratory, Richland,

Washington.

The data (means and standard deviations) in PNNL-15238 for these tanks are not currently used
in BBI. The standard deviations estimated in the table are much larger (5 to 9 in. more) for four
of the five tanks listed above than the 6.5 in. applied generically in RPP-10006, Methodology
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and Calculations for Assignment of Waste Groups for Large Underground Storage Tanks at
Hanford, Rev. 4. Therefore, for the current revision of this document it is recommended that
these standard deviations be used for these tanks. This will provide some conservatism in the
analyses for these tanks, which do seem to exhibit significant solids level variability.

C7.4.2 Compilation of Nonconvective Layer Height Measurements

Recently compiled zip cord, sludge weight, and densitometer solids level measurements are
presented in Table C-7. Additional data is known to be available, including data for many of the
DSTs not included here. However, the data was not readily available to support this compilation
and analysis. A more complete data set would be helpful for this analysis, as well as to other

USErs.

Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Measg;;ment Method Comment
Tank 241-AN-101
10/8/2002 16 17.2 zip cord RPP-CALC-28931
11/6/2003 16 17.2
9/25/2003 3 179 sludge weight 2E-03-01249
19 9.0
Tank 241-AN-102
6/29/1989 1 26 sludge weight RPP-7625, Rev. 6, App B.
3 3225
20 39.25
Mar-01 1 48.4 RPP-7918, Rev. 1A
3 60.4
19 434
11/16/2001 1 42.4 2E-01-01171
3 62.1
19 41.5
12/11/2001 1 39.375
19 41.5
2/17/1998 20 38.2 zip cord RPP-CALC-28931
8/9/2000 22 62.2
11/8/2001 20 64.2
5/14/2002 22 66.2
3/14/2003 20 73.2
11/30/2004 20 67.2
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(l;;t)ament Method Comment
Tank 241-AN-105
11/8/2001 20 see note zip cord RPP-CALC-28931. Solid/liquid
measurements in work package are
ambiguous.
Tank 241-AN-106
7/30/2002 19 22 zip cord RPP-CALC-28931
3/11/2004 19 20.2
7/10/2003 1 18.4 sludge weight 2E-03-00827. Riser 1 sludge weight data
are suspect. Believed to be off (high) by
17 in))
18 1.6 2E-03-00827
20 14
9/14/2005 1 45.6 2E-04-01791. Riser 1 sludge weight data
are suspect. Believed to be off (high) by
17 in.)
18 316 2E-04-01791
20 29.1
12/13/2005 i 45.1 2E-04-01498, Riser 1 sludge weight data
are suspect. Believed to be off (high) by
17 in.)
1/16/2006 1 36.8 ENRAF densitometer | WFO-WO0-05-002504
Tank 241-AN-107
1/28/2002 18 -3t sludge weight 2E-(01-00798. No explanation for
negative reading.
2/5/2002 19 73.1 2E-01-00798
20 79.4
3/3/2003 3 85.1 2E-03-00339
18 83.1
19 816
3/712003 20 81.6
5/6/2003 18 57.6 2E-03-00794
3 see note 2E-03-00794. No reading obtained,
sludge weight could not be felt (no
restriction in waste).
7/10/2003 18 84.4 2E-03-00827
19 84.1
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(l::-lo):ment Method Comment
Tank 241-AN-107 (continued)
8/26/2002 avg 84.9 sludge weights RPP-7917, Rev. 1A
7/3/2002 avg 86.1
3/8/2002 avg 86.9
2/14/2002 avg 88.4
5/8/2001 avg 85.9 ENRAF densitometer
3/5/2001 avg 839 sludge weights
3/1/1996 avg 89.8
2/10/1996 avg 81.6 ENRAF densitometer
11/9/1994 avg 86.9 shndge weights
10/22/1984 avg 355
6/29/1989 19 46.10 sludge weight RPP-7625, Rev. 6, App B.
51.65
48.95

8/26/2002 3 87.0 sludge weight RPP-9759, Rev. 3

18 84.0

20 83.0
8/23/2002 1 90.5 ENRATF densitometer | 2E-00-02199
8/22/2002 17 81.3
7/2/2002 17 81.3
3/8/2002 1 87.9

17 82.8
2/13/2002 17 82.3

1 86.7
1/31/2002 17 82.6
1 86.6

2/5/2001 19 88.1 zip cord RPP-CALC-28931
4/10/2002 19 88.1
8/20/2002 19 79.1
5/29/2003 20 84.1
Tank 241-AP-103
10/15/2002 2 8.7 zip cord RPP-CALC-28931
9/28/2005 18 8.3 sludge weight 2E-04-01793

19 7.3

20 83

22 7.0
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,

Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(n;:): ment Method Comment
Tank 241-AP-104
10/13/2005 18 7.3 sludge weight WFO-WO0-05-002284. “It felt like the
bottom of the tank (very solid).”
19 6.3 WFO-WO0-05-002284
22 7.3 WFO-WO0-05-002284. “It felt like the
bottom of the tank (very solid).”
Tank 241-AP-105
6/23/1997 21 15.3 zip cord RPP-CALC-28931
6/27/1997 23 354
29 344
12/19/2001 12 38.0
1/14/2002 12 395
21 44.3
7/17/2003 21 433
10/5/2005 18 37.8 sludge weight 2E-04-01793
19 38.3
20 443
Tank 241-AP-107
7/10/2002 7.4 zip cord RPP-CALC-28931
12/30/2003 5.4
Tank 241-AP-108
7/29/2003 1.7 zip cord RPP-CALC-28931
4/27/2004 0.3
1/8/2006 27.3
9/29/2005 18 63.5 sludge weight 2E-04-01793
i9 63.0
20 333
Tank 241-AW-101
9/13/1987 2 25,88 sludge weight RPP-7625, Rev. 6, App B.
7/8/1988 15B 12
{not
on
I1ser
map)
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,

Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(l;;t)ement Method Comment
Tank 241-AW-102
12/23/2003 18 2.1 zip cord RPP-CALC-28931
10/20/1994 22 20.5 sludge weight RPP-7625, Rev. 6, App B.
22 195
Tank 241-AW-103
4/24/1997 11 114.2 zip cord RPP-CALC-28931
13 114.1
8/24/1999 3 135.4
10/24/2005 17 118.9
Tank 241-AW-104
6/10/1997 13 82.1 zip cord RPP-CALC-28931
6/9/1997 14 82.1
6/10/1997 17 82.1
1/29/2003 14 554
Tank 241-AW-105
4/28/1997 11 93.1 zip cord RPP-CALC-28931
13 96.1
9/2/2001 22 99.1
3/7/2003 19 71.6
4/16/2004 14 86.6
Tank 241-AW-106
7/7/1991 2 99.9 sludge weight RPP-7625, Rev. 6, App B.
18 95.5
20 72.5
Jun-94 3 61.0 shidge weight Data from BBI derivation text, post
22 5314 campaign 94-1. Date listed is
approximate (likely within ~ 1 or 2
months).
Dec-94 97.6 sludge weight Data from BBI derivation text, post
72.5 campaign 94-2. Date listed is
approximate (likely within ~ 1 or 2
18 89.8 months).
20 73.0
22 524
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(l;:-le):ment Method Comment
Tank 241-AW-106 (continued)
Aug-95 2 100.5 sludge weight Data from BBI derivation text, post
3 734 campaign 95-1. Date listed is
- approximate (likely within~ 1 or 2
18 112.9 nnﬁnhsy
20 73.4
22 520
Jun-96 2 102.4 shudge weight Data from BBI derivation text, post
76.0 campaign 96-1. Date listed is
: _ approximate (likely within ~ 1 or 2
18 1133 months),
20 61.9
22 54.5
Apr-97 2 102.1 sludge weight Data from BBI derivation text, post
3 3.4 campaign 97-1. Date listed is
' approximate (likely within ~ 1 or 2
18 1133 months).
20 74.3
22 51.1
Oct-97 3 74.8 sludge weight Data from BBI derivation text, post
20 74.5 campaign 97-2. Date listed is
' approximate (likely within ~ 1 or 2
22 69.7 months).
4/26/1999 3 74.8 sludge weight Data from BBI derivation text.
20 74.5
22 69.6
2/8/2004 2 115.1
83.8
18 120.8
20 96.8
22 98.4
4/1/2003 19 98.6 zip cord RPP-CALC-28931
Tank 241-AY-101
7/1/1997 51 39.5 sludge weight RPP-7625, Rev. 6, App B.
53 40.5
55 39.0
59 395
63 38.0
67 38.5
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(l;;(;ment Method Comment
Tank 241-AY-101 (continued)
3/30/2001 44 43.1 gamma scan in PCSACS
4/26/2001 a4 407 sigrtl
3/30/2001 48 46.1
4/26/2001 48 46.1
3/30/2001 45 38.0
4/26/2001 45 39.0
4/26/2001 50 429 estimated from PCSACS, ILL Reinterpretation data
neutron scan in comments
drywell
4/3/2002 61 35.0 zip cord RPP-CALC-28931
Tank 241-AY-102
10/29/1988 52 19.5 sludge weight RPP-7625, Rev. 6, App B.
53 8.0
56 6.5
58 10.3
60 12.0
68 11.0
2/28/2001 56 61.3 2E-04-01788
58 62.3
60 60.0
7/1/2004 56 53.5
58 54.3
60 568
3/6/2001 64 60.0 zip cord RPP-CALC-28931
4/19/2003 65 61.9
9/3/1998 35 9.3 ENRAF densitometer | 2E-98-01827
10/26/1998 55 9.15 ENRAF densitometer | 2E-98-01996 (supporting 241-C-106
11/15/1998 55 9.00 sluicing)
11/19/1998 55 10.49
11/19/1998 55 11.43
11/20/1998 55 12.16
11/20/1998 55 12.29
11/21/1998 55 12.64
11/21/1998 55 12.73
11/23/1998 55 12.90
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas;;t):ment Method Comment
Tank 241-AY-102 (continued)
11/24/1998 55 12.78
11/25/1998 55 12.47
11/30/1998 55 12.40
12/1/1998 55 12.21
12/7/1998 35 12.11
12/17/1998 55 12.14 ENRAF densitometer | 2E-98-02533
12/17/1998 55 12.18
12/18/1998 55 12.26
12/18/1998 55 12.22
12/19/1998 55 12.28
12/19/1998 55 12.25
12/22/1998 55 12.17
12/29/1998 55 12.17
1/6/1999 55 12.15
Tank 241-A7-101
1/23/1989 70 15.75 sludge weight RPP-7625, Rev. 6, App B.

71 11.25
73 23
74 15.5
75 13
76 22.5
2/28/1989 70 15.5
71 9.75
73 22.5
74 15.25
75 13
76 14.5
5/30/1989 70 15.5
71 10.25
74 14.75
75 12.25
76 15.25
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(t;:;;ment Method Comment
Tank 241-AZ-101 (continued)
12/26/1989 71 11.25
74 15.25
75 11.75
76 14.75
6/28/2000 70 16.75 sludge weight 2E-00-00250
74 26.5
75 225
76 15.5
8/16/2000 70 155
74 24
75 20
76 15
7/19/2000 RMIS image p. 75 too
faint to tell what is on data
sheet,
6/21/2000 76 19
70 155
74 25
75 22
6/14/2000 70 5.5
74 22
75 17
76 21 2E-00-00250. First contact; slack tape
was 11 in, lower.
Unknown date | RMIS image p. 88 too 2E-00-00250
faint to tell what is on data
sheet.
6/5/2000 70 4
74 2225
75 19.5
76 4
6/4/2000 70 | RMIS image p.
74 95 too faint.
75
76
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(t;:;;:ment Method Comment
Tank 241-AZ-101 {continued)
6/2/2000 70 1.5

74 20
75 12.5
76 1
6/1/2000 70 1
74 14.7
75 13
76 0.75
5/30/2000 RMIS image p. 113 too
faint to tell what is on data
sheet.
4/18/2000 74 17.75
75 16.5
70 16.75
76 18.75
2/3/2000 70 16.625
74 18
75 16.625
76 18.75
Tank 241-AZ-102
1/23/1989 71 19.25 sludge weight RPP-7625, Rev. 6, App B.
73 33.25
74 39.25
75 38.75
76 29.25
2/28/1989 71 20.25
73 33.25
74 40.75
75 40.25
76 28.25
5/30/1989 71 19.75
73 32.75
74 39.25
75 39.25
76 27.25
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Measurement

Date Riser (in) Method Comment
Tank 241-AZ-102 (continued)
12/26/1989 71 19.75
73 32.25
74 39.25
75 41.45
76 27.95
8/21/2003 59 377 zip cord RPP-CALC-28931
Tank 241-SY-101
4/4/2000 6 10.0 zip cord RPP-CALC-28931
6/20/2000 6 35.0
9/19/2003 6 84.5
10/14/2003 6 83.3
1/15/2006 6 84.5
8/22/2005 6 86.8 sludge weight 2W-04-01792
21 79.8
2/9/2006 18 105.0 gamma scan in MIT | PCSACS, ILL Reinterpretation data
19 105.1 comments

Tank 241-SY-102

1/30/1987 1 21 sludge weight RPPB-7625, Rev. 6, App B.
19 18
5/12/1987 1 40
19 32
20 17.25
7/2/1997 19 13.7 zip cord RPP-CALC-28931
7/8/1997 22 16.2
2/16/1999 4 238 ENRAF solids level 2W-99-00251
measurement
9/9/1999 2 10.3 zip cord RPP-CALC-28931
1/10/2000 3 11.5
2/25/2000 3 26.5
4/11/2000 3 40.5
10/3/2000 3 40.5
8/15/2001 3 435
4/17/2002 3 41.5
12/23/2002 3 42.0
9/29/2003 3 42.5
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas(';;§ment Method Comment
Tank 241-SY-102 (continued)
12/4/2003 3 43.0
2/4/2004 3 435
12/28/2004 3 435
6/30/2005 3 55.5
8/31/2005 3 55.5
2/15/2006 3 59.5
10/10/2000 21 40.1
12/9/2004 19 46.6 sludge weight 2W-04-01377
12/14/2004 19 52.7 ENRAF densitometer | 2W-04-01377
6/24/2005 19 61.9 CLO-W0-05-001621
8/18/2005 19 62.7 CLO-WO0O-05-01825
8/29/2005 19 63.6 CLO-WO0-05-01891
10/5/2005 19 64.6 CLO-WO-05-1964
6/22/2005 2 50.5 sludge weight 2W-04-01792
9/8/2005 2 50.3
Notes:

Data documented via SVF-1112, 2006, Spreadsheet Verification and Release Form for Spreadsheet
‘SVF-1112 All Solids R0O.xls’, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

2E-00-00250, 2000, 241-AZ Perform Sludge Level Readings, CH2M HILL Hanford Group, Inc., Richland,
‘Washington.

2E-00-02199, 2000, 241-AN-107 Perform Densitometer Readings, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

2E-01-00798, 2001, 241-AN-107 Perform Sludge Reading, CH2M HILL Hanford Group, Inc., Richland,
Washington.

2E-01-01171, 2001, 241-AN-102 Perform Sludge Reading Support Operational Test Procedure,
CH2M HILL Hanford Group, Inc., Richland, Washington.

2E-03-00339, Perform 241-AN-107 Sludge Level Readings, CH2M HILL Hanford Group, Inc., Richland,
Washington.

2E-03-00794, 2003, 241-AN-107 Sludge Weight Readings, CH2M HILL Hanford Group, Inc., Richland,
‘Washington.

2E-03-00827, 2003, 241-AN-107 Obtain Sludge Weight Readings, CH2ZM HILL Hanford Group, Inc.,
Richland, Washington.

2E-03-01249, 2003, 241-AN-101 Sludge Level Measurements, CH2M HILL Hanford Group, Inc., Richland,
Washington.

2E-04-01498, 2004, 241-AN-106 Install New ENRAF Densitometer, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

2E-04-01788, 2004, 241-AY-102 Obtain Sludge Level Measurements, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

2E-04-01791, 2004, 241-AN-106 Obtain Sludge Level Measurements, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

2E-04-01793, 2004, 241-AP Obtain Sludge Level Readings, CH2M HILL Hanford Group, Inc., Richland,
Washington.
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Table C-7. Unadjusted Solids Levels in Double-Shell Tanks from Available Zip Cord,
Sludge Weight, and Densitometer Readings. (13 sheets)

Date Riser Meas;;;t)ement Method Comment

Notes (continued):

2E-98-01827, 1998, 241-AY-102 Densitometer Operation for Data, Lockheed Martin Hanford Corporation,
Richland, Washington.

2E-98-01996, 1999, 241-AY Obtain Densitometer Readings at 102-AY, Lockheed Martin Hanford
Corporation, Richland, Washington.

2E-98-02533, 1999, 241-AY Obtain AY-102 Densitometer Readings, Lockheed Martin Hanford Corporation,
Richland, Washington.

2W-04-01792, 2004, 241-SY-101/SY-102 Sludge Level Measurements, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

2W-04-01377, 2004, 241-SY-102 Install New Enraf Densitometer, Lockheed Martin Hanford Corporation,
Richland, Washington.

2W-99-00251, 1999, Obtain Sludge Level in SY-102, Lockheed Martin Hanford Corporation, Richland,
Washington.

CLO-W0-05-001621, 2005, 241-SY-102 Execute ENRAF Densitometer Data Acquisition, CH2M HILL
Hanford Group, Inc., Richland, Washington.

CLO-WQ-05-01825, 2005, 24i-SY Densitometer Reading, CH2M HILL Hanford Group, Inc., Richland,
Washington.

CLO-WQ-05-01891, 2005, 24/-SY-102 Densitometer Readings, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

CLO-WOQ-05-1964, 2005, 241-SY-102 Densitometer Reading, CH2M HILL Hanford Group, Inc., Richland,
Washington.

Personal Computer-Surveillance Analysis Computer System (PCSACS), Queried February 9, 2006, [ILL
Reinterpretation, SY101 420160 LOW A, and SY 101 420164 LOW B, Gamma, Calculation Comment},
CH2M HILL Hanford Group, Inc., Richland, Washington.

RPP-7625, 2006, Best Basis Inventory Process Requirements, Rev. 6, CHZM HILL Hanford Group, Inc.,
Richland, Washington.

RPP-7917, 2003, Process Control Plan for Tank 241-AN-107 Caustic Addition, Rev. 1A, CH2M HILL
Hanford Group, Inc., Richland, Washington.

RPP-7918, 2001, Process Control Plan for Tank 241-AN-102 Caustic Addition, Rev. 1A, CH2M HILL
Hanford Group, Inc., Richland, Washington.

RPP-9759, 2003, Calculation of Sodium Hydroxide Volume for Tank 241-AN-107 Caustic Addition,
CH2M HILL Hanford Group, Inc., Richland, Washington.

RPP-CAILC-28931, 2006, Zip Cord Solids Level Measurements for DST, Rev. 0, CH2M HILL Hanford
Group, Inc., Richland, Washington.

WFO-W0-05-002284, 2005, 241-AP-104 Sludge Weight Readings, CH2M HILL Hanford Group, Inc.,
Richland, Washington.

WFO-WO0-05-002504, 2005, 241-AN-106 Densitometer Calibration Supporting 241-04-01498, CHZM HILL
Hanford Group, Inc., Richland, Washington.

BBI = best basis inventory.

ENRAF = Enraf-Nonius Series 854 (gauge).
ILL = interstitial liquid level.

MIT = multifunction instrument tree.

PCSACS = personal computer Surveillance Analysis Computer System.
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(C7.4.3 Normalized Solids Level Data

Based on the evaluation in Section C7.3, zip cord and sludge weight data should be adjusted
upward by 7 in. to provide a more conservative estimate of solids levels for use in Waste Group
calculations and to normalize the measurements to the techniques used for the Waste Group A
tanks. Table C-8 presents a subset of the zip cord, sludge weight, and densitometer data of
Table C-7. The last measurement in each riser of a tank is presented. Older data or

measurements taken prior to significant tank changes (e.g., evaporator slurry transfers or

retrieval transfers) were typically excluded. The recommended adjustment is made to zip cord
and sludge weight data, and statistics are calculated.

Table C-8. Recent Solids Level Measurements Adjusted for Presumed Method Bias. (4 sheets)

Date Riser Meas?rement Method mci‘:!::fn:nt A:lr{:::led S“.i 1) Count
{in.) (in)* (in)) (in.)

Tank 241-AN-101

9/25/2003 3 7.9 sludge weight 14.9 18.3 5.1 3
11/6/2003 16 17.2 zip cord 24.2

9/25/2003 19 9.0 sludge weight 16.0

Tank 241-AN-102

12/11/2001 i 39.375 shudge weight 46.4 62.3 13.7 5
11/16/2001 3 62.1 69.1

12/11/2001 19 41.5 48.5

11/30/2004 20 67.2 zip cord 74.2

5/14/2002 22 66.2 73.2

Tank 241-AN-106

1/16/2006 1 36.8 ENRAF densitometer 36.8 34.7 5.1 4
9/14/2005 18 31.6 sludge weight 38.6

3/11/2004 19 20.2 zip cord 27.2

9/14/2005 20 29.1 sludge weight 36.1

Tank 241-AN-107

8/23/2002 90.5 ENRATF densitometer 90.5 89.6 4.1 6
3/3/2003 3 85.1 sludge weight 92.1

8/22/2002 17 81.3 ENRAF densitometer 81.3

7/10/2003 18 84.4 sludge weight 91.4

7/10/2003 19 84.1 91.1

5/29/2003 20 84.1 zip cord 91.1
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Table C-8. Recent Solids Level Measurements Adjusted for Presumed Method Bias. (4 sheets)

Date Riser Meas(l;;gmem Method mtf;(sl‘ll::'it::lm Acrll::::fd St((iin('l; Y| Count
(in.)* (in.)
Tank 241-AP-103
10/15/2002 2 8.7 zip cord 15.7 14.9 0.7 5
6/28/2005 18 83 sludge weight 15.3
9/28/2005 19 7.3 14.3
9/28/2005 20 8.3 15.3
9/28/2005 22 70 14.0
Tank 241-AP-104
10/13/2005 18 1.3 sludge weight 143 13.9 0.6 3
10/13/2005 19 6.3 133
10/13/2005 22 7.3 14.3
Tank 241-AP-105
1/14/2002 12 39.5 zip cord 46.5 476 3.0 5
10/5/2005 18 37.8 sludge weight 448
10/5/2005 19 38.3 453
10/5/2005 20 443 51.3
7/17/2003 21 433 zip cord 50.3
Tank 241-AP-107
12/30/2003 | 2 5.4 zip cord 124 124 | - —
Tank 241-AP-108
1/8/2006 2 273 zip cord 343 53.8 19.2 4
9/29/2005 18 63.5 sludge weight 70.5
9/29/2005 19 63.0 70.0
9/29/2005 20 333 403
Tank 241-AW-102
121232003 | 18 21 |zipcord 9.1 01 | - -
Tank 241-AW-103
10/24/2005 | 17 1189  |zip cord 125.9 1259 | - ~
Tank 241-AW-104
12972003 | 14 55.4 | zip cord 62.4 624 | - ~
Tank 241-AW-105
4/16/2004 14 86.6 zip cord 93.6 92.8 13.8 3
3/7/2003 19 71.6 78.6
9/2/2001 22 99.1 106.1
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Table C-8. Recent Solids Level Measurements Adjusted for Presumed Method Bias. (4 sheets)

1 Adjusted
Date Riser Meas(li':;me nt Method m;g‘ll::'iiint n]tean Stgn("; Y| Count
’ (in.)* (in.)
Tank 241-AW-106
2/8/2004 2 115.1 shndge weight 122.1 109.2 135 6
2/8/2004 3 83.8 90.8
2/8/2004 18 120.8 127.8
4/1/2003 19 98.6 zip cord 105.6
2/8/2004 20 96.8 sludge weight 103.8
2/8/2004 22 98.4 1054
Tank 241-AY-101
4/26/2001 44 40.7 gamma scan in 40.7 42,1 2.6 5
4/26/2001 45 39.0 gl 39.0
4/26/2001 48 46.1 46.1
4/26/2001 50 42.9 estimated from 42.9
neutron scan in
drywell
4/3/2002 61 35.0 zip cord 42.0
Tank 241-AY-102
7/1/2004 56 53.5 sludge weight 60.5 64.3 3.6 5
71172004 58 543 61.3
7/1/2004 60 56.8 63.8
3/6/2001 64 60.0 zip cord 67.0
4/19/2003 65 61.9 68.9
Tank 241-AZ-101
8/16/2000 70 15.5 sludge weight 22.5 256 42 4
8/16/2000 74 24 31.0
8/16/2000 75 20 27.0
8/16/2000 76 15 220
Tank 241-AZ-~102
821200 | 59 | 377 |zipcord 44.7 a7 | - [ -
Tank 241-SY-101
1/15/2006 6 84.5 zip cord 91.5 97.1 9.4 4
8/22/2005 21 79.8 sludge weight 86.8
2/9/2006 18 105.0 gamma scan in MIT 105.0
2/9/2006 19 105.1 105.1
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Table C-8. Recent Solids Level Measurements Adjusted for Presumed Method Bias. (4 sheets)

Date Riser Measgrement Method mi(slf:ll-setlf:nt A:ﬂ:::]ed Stq 157 Count
(in.) (in)* (in.) (in.)
Tank 241-SY-102
9/8/2005 2 50.3 sludge weight 57.3 62.8 49 3
2/15/2006 59.5 zip cord 66.5
10/5/2005 19 64.6 ENRAF densitometer 64.6
Notes:

*The method bias is assumed to be -7 in. for sludge weight and zip cord measurements relative to
densitometer and all other measurements. Therefore, 7 in. is added to the sludge weight and zip cord data prior to
performing statistics. All data documented via SVF-1112, 2006, Spreadsheet Verification and Release Form for
Spreadsheet ‘SVF-1112 All Solids R0.xIs’, Rev. 0, CH2ZM HILL Hanford Group, Inc., Richland, Washington.

ENRAF
MIT

= Enraf-Nonius Series 854 (gauge).
= multifunction instrument tree.

C7.4.4 Calculation of Nonconvective Layer Height Standard Deviation for
Double-Shell Tanks

Prior revisions of this document have used a solid level vartability (standard deviation) of 6.0 or
6.5 in. (RPP-10006, Rev. 4, Appendix I). These estimates were based on sludge weight data for
10 tanks presented in RPP-7625. Data for individual tanks were grouped and a mean and
standard deviation were calculated. The combined variability was calculated as a pooled

standard deviation, using the mean, standard deviation, and number of measurements for each

tank.

For this document revision, the same statistical approach has been applied to the adjusted recent
solids level data from Table C-8. The statistical data are summarized in Table C-9.

Table C-9. Summarized Statistical Data®

From Table C-8. (2 sheets)
R Mean Standard
Tank (in.) dev.iation Count
(in.)
241-AN-101 18.3 5.1 3
241-AN-102 62.3 13.7 5
241-AN-106 34.7 5.1 4
241-AN-107 89.6 4.1 6
241-AP-103 14.9 0.7 5
241-AP-104 13.9 0.6 3
241-AP-105 47.6 3.0 5
241-AP-108 53.8 19.2 4
241-AW-105 92.8 13.8 3
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Table C-9. Summarized Statistical Data®
From Table C-8. (2 sheets)

Standard
Tank® l\(’[i::)n deviation Count
(in.)

241-AW-106 109.2 13.5 6
241-AY-101 421 2.6 5
241-AY-102 64.3 3.6 5
241-A7-101 25.6 42 4
241-SY-101 97.1 94 4
241-SY-102 62.8 4.9 3
Pooled Standard Deviation®: 8.8 in.

Notes:

*These data are based on adjusted values from Table C-8,

*Tanks with only one measurement not do not affect the
calcutation and are not included in this table.

“Pooled standard deviation calculation documented via
SVF-1112, 2006, Spreadsheet Verification and Release Form for
Spreadsheet 'SVF-1112 All Solids RO.xIs’, Rev. 0, CH2M HILL
Hanford Group, Inc., Richland, Washington.

The pooled standard deviation based on the data presented above is 8.8 in. (documented via
SVF-1112, Spreadsheet Verification and Release Form for Spreadsheet ‘SVF-1112 All Solids
RO.xIs’, Rev. 0). Some of the variability estimates in the table are based on numerous
measurements. The recommended variability used for Waste Group calculations should be
based on the individual tank standard deviation if the tank has four or more measurements in the
table. If the tank has three measurements or less, or if it is not listed and no other information is
available, then the pooled standard deviation of 8.8 in. should be used.

C7.5 OTHER CONSIDERATIONS

C7.5.1 Effect of Multiple Riser Locations

NCL heights can vary widely across the tanks. It is very important to obtain a number of
readings over the tank, especially as the NCL height becomes greater and approaches levels that
could be of concern for creating Waste Group A conditions (approximately 80 in. and greater).
Tanks with NCL levels taken at one or two locations can give a false sense of security due to
possible differences in NCL height within a given tank.

A tank that illustrates the effect of location on solids height is DST 241-AW-106. Five sludge
weight readings were taken across the tank. The NCL heights ranged from 69.6 in. to 113.3 in.,
a difference of almost 44 in. It also appears that tanks with air lifi circulators (241-AY and
241-AZ tank farms) have more uniform surfaces. Also, solids that are relatively weak, such as in
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DST 241-AN-107, may have a self-leveling effect, as this tank shows less variability than many
other tanks.

Solids topography in SSTs is evaluated by photograph or video to document stabilization
(HNF-SD-RE-TI-178) as discussed in Section C7.0. Large vanations, especially from tank wall
to center, are common. Reported surface level differences range from an average of 23 in. in
saltcake tanks to 7 in. in sludge tanks (RPP-7625, Appendix B). SST design, wastes, and process
histories (e.g., saltwell pumping) may differ substantially from the DSTs. However, there are
ample reasons to consider radial variability as a significant issue in the DSTs. Radial variability
has been noted in DST 241-AP-105 (HNF-SD-WM-ER-360, Tank Characterization Report for
Double-Shell Tank 241-AP-105). Temperature cooling from the annulus is most likely the major
reason for radial variability but transfer history will play a part, too. For example, transfer
pumps are most often stick pumps located in the central pump pits of a DST. The elevation of
the pump suction is typically low in the tank (within 10 in. of the bottom). Such configurations
are likely to transfer some solids from around the region of the pump suction and leave settled
solids further away undisturbed.

Most techniques (except video, photographs, and proposed SLIM) are limited to single point
measurements under risers.

Another point to be made about riser locations is that the outermost tank risers in the 241-AN,
241-AW, and 241-SY tank farms are on a 28-ft radius. The tanks are 75 ft in diameter or 37.5 ft
in radius. Area (and volume for a cylinder such as the DST waste configuration) is a function of
the radius squared. Thus, the waste volume outside of the 28 ft radius is

(37.5)* —(28)?

= 44%.
(37.5)

This means that 44% of the waste 1s outside of the region that can be sampled or evalnated by
single point measurements under risers for tanks in these farms. However, this was also the case
for the Group A tanks from which the waste group correlation was developed. The furthest
risers in the 241-AP tank farm are on a 30-ft radius, and on a 34.75-ft radius for the 241-AY and
241-AZ tank farms.

C7.5.2 Changes in Solids Levels Over Time

A number of ongoing processes may change the solids level in a tank over time, especially in
tanks with concentrated waste. These include evaporation, absorption of carbon dioxide from
air, chemistry (pH) changes, organic degradation reactions, temperature changes, chemical
additions, and transfers. A brief description of these processes follows.

e Evaporation removes water and concentrates dissolved species. If a compound is at

equilibrium between the precipitated and aqueous phases, it will precipitate and add to
the solids layer.

C-37



Page 142 of 198 of DA03081%917

RPP-10006 REV 5

e Absorption of carbon dioxide leads to carbonate saturation and precipitation and caustic
(pH) depletion.

e pH reduction or caustic depletion leads to precipitation of pH dependent species,
especially dissolved aluminum.

e Aging of organic causes precipitation of relatively insoluble species such as oxalate,
along with caustic depletion.

e Waste temperature changes cause solubility changes. The DSTs are generally cooling as
radionuclide concentrations decay, and lower temperatures result in reduced solubility for
almost all species.

e Chemical additions may dissolve solids (e.g., aluminum compounds with caustic
addition) or may cause precipitation by increasing solution ionic strength.

o Transfers may result in precipitation (e.g., mixing of wastes with differing fluoride and
phosphate concentrations may lead to precipitation of the double salt natrophosphate) or
could result in dissolution if different caustic concentrations are involved. Transfers may
result in inadvertent pumping of solids due to waste and pump configuration. Tanks that
have received transfers of evaporator slurry, either directly or from another tank, are
often observed to have an increase in solids. Transfers can canse solids with trapped gas
to expand or compress as the hydrostatic pressure from the supernatant layer changes.

One example of an increase of solids with time is DST 241-AN-102. The solids history back to
1989 is presented in Figure C-3. The transfer history since 1984 s very limited, consisting of a
small waste transfer in 1992 and a caustic addition in 2001. The solids level was about 33 in. in
1989 and has increased to over 60 in. based on measurements taken during the last 2 years. All
of the mechanisms described above, except waste transfers, have probably contributed to the
increased solids.
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Figure C-3. Double-Shell Tank 241-AN-102 Solids History.
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Because of these issues, it is recommended that Waste Group B and C DSTs should have solids
level measurements at least every 5 years.

C7.6 RECOMMENDED APPROACH TO ESTABLISH NONCONVECTIVE LAYER
HEIGHTS FOR DOUBLE-SHELL TANKS

In order to address the issues identified in PER-2006-0041, including accounting for bias
between measurement techniques compared to the techniques originally used in the Waste
Group A tanks; accounting for surface topography changes and variability in measurements
across a tank; and incorporating recently acquired solids level data for several tanks, the
following approach is recommended to establish DST mean solids levels (NCL) and standard
deviations for use in the flammable gas waste group calculations:

¢ [Ifthe adjusted tank mean is given in Table C-9, then this result should be used, unless the
mean BBI solids level (given in Table C-10) is higher. The adjusted means include the
conservative adjustment (7 in.) of zip cord and sludge weight data relative to other
measurements.

e Ifthe tank is not in Table C-9, and the BBI derivation is based completely on zip cord
and/or sludge weights, then apply the 7-in. adjustment to the BBI solids level.
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o For variability, if the tank is listed in Table C-9, and there are four or more

measurements, then the variability (standard deviation) listed in Table C-9 should be

used.

e For variability, if the tank is one of the Group A tanks listed in Table C-6 (from
PNNL-15238), then the standard deviation listed in Table C-6 should be used.

» If the tank is not listed in Table C-6 nor Table C-9, or if the data in Table C-9 are based
on three measurements or less, then the pooled standard deviation of 8.8 in. (documented

in Section C7.4.4) should be used.

The BBI settled solids height used to derive the solids volume is presented in Table C-10, along
with the basis for the solids level estimate. Also presented are the recommended adjusted solids
heights and standard deviations for use in the Waste Group calculations.

Table C-10. Recommended Nonconvective Layer Heights and Variances for

Double-Shell Tank Waste Group Calculations. (2 sheets)

BBI solids Adjusted solids ‘(,:tl::g;li:iy
Tank level* BBI basis level L
(in.) (in.) deviation)

’ (in.)

241-AN-101 113 Studge level and 183 8.8
zip cord

241-AN-102 56.1 Sludge level and 62.3 13.7
zip cord

241-AN-103 149 Core extrusion 149 11.4

241-AN-104 163 Analysis 163 12.2

241-AN-105 177 Analysis 177 6.1

241-AN-106 18 Sludge level or 347 5.1
zip cord

241-AN-107 83.8 Sludge level 89.6 4.1

241-AP-101 0 No solids 0 8.8

241-AP-102 8.5 Sludge level 15.5 8.8

241-AP-103 0 No solids 14.9 0.7

241-AP-104 0 No solids 139 8.8

241-AP-105 324 Analysis 47.6 30

241-AP-106 0 No solids 0 8.8

241-AP-107 0 No solids 12.4 8.8

241-AP-108 0 Zip cord 53.8 19.2

241-AW-101 112 Core extrusion 112 113

241-AW-102 2.44 Zip cord 9.1 8.8

241-AW-103 113.75 Core extrusion 125.9 8.8
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Table C-10. Recommended Nonconvective Layer Heights and Variances for
Double-Shell Tank Waste Group Calculations. (2 sheets)

BBI solids Adjusted solids ‘E;:‘::::;V
Tank level* BBI basis level . e

: . deviation)
(in.) (in.) (in.)
241-AW-104 81 Core extrusion 81.0 8.8
241-AW-105 96 Core extrusion 96.0 8.8
241-AW-106 102.95 Sludge weight 109.2 13.5
241-AY-101 a5 Sludge weight 42.1 2.6
241-AY-102 54.83 Sludge weight 64.3 3.6
241-AZ-101 18.9 Sludge weight 256 4.2
241-AZ-102 38 Sludge weight 447 8.8
241-SY-10t 100 Gamma scans 105.0 94
241-SY-102 52.83 Core extrusion 62.8 8.8
241-SY-103 121.04 Core extrusion 121.04 15.6

Notes:

*BBI Tank Interpretive Reports accessed February 2006 (BBI 2006).

C7.7 SUMMARY OF DOUBLE-SHELL TANK NONCONVECTIVE LAYER
CHANGES

Additional solids level measurement data is compiled and presented to improve mean and
variability calculations. It is recognized that the data set could be enlarged with additional effort.

The issue of bias between solids level measurement techniques is addressed in a preliminary
fashion. The conclusion is that zip cord and sludge weight measurements may be biased low
relative to densitometer measurements (and by extrapolation, to all other techniques as well).
Thus, for the calculations in this document, an offset of 7 in. is added to zip cord and siudge
weight measurements used to calculate mean DST solids levels. This attempts to account for the
difference between current measurement methods and those originally used for the tanks that
define Waste Group A conditions.

Variability estimates are updated based on the data analyzed herein and in PNNL-15238.

Because of many factors affecting solids levels over time, it is recommended that solids level
measurements be performed in DSTs at least every 5 years. Waste Group A tanks could
reasonably be excluded from this recommendation.
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APPENDIX D

DETERMINATION OF VOID FRACTION
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LIST OF TERMS

actual cubic feet (gas conditions at depth at mid-point of
nonconvective layer layer)

barometric pressure effect

original BPE model

steep slope form of the BPE model

change in tank level divided by corresponding change in pressure
double-shell tank

Enraf-Nonius Series 854 (gauge)

mixed waste form with = 1 m liquid over solids

mixed waste form with < 1 m liquid over solids

personal computer Surveillance Analysis Computer System
Pacific Northwest National Laboratory

Retained Gas Sampler

saltcake/salt slurry

saltcake/salt slurry waste form with > 1m liquid over solids
saltcake/salt slurry waste form with < m liquid over solids
sludge waste form with > 1 m liquid over solids

sludge waste form with < 1 m liquid over solids

single-shell tank

Void Fraction Instrument
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APPENDIX D

DETERMINATION OF VOID FRACTION

D1.0 OBJECTIVE

When analyzing tank hazards relating to flammable gas accidents it is important understand the
ability of solid wastes to retain gas and then release it due to change in tank characteristics or due
to outside influence or waste disturbing activities. This appendix documents the calculations
performed to develop void fraction estimates along with the statistical information for the 177
waste tanks at Hanford.

D2.0 BACKGROUND DATA SOURCES FOR VOID FRACTION

Void fraction data can be obtained or derived from the following available field measured data
SOUrces:

¢ Void Fraction Instrument (VFI): An average gas volume fraction may be estimated
from direct measurements of the local gas volume fraction with the VFL.

» Retained Gas Sampler (RGS): A localized average gas volume fraction may be
estimated from direct measurements of the local gas volume fraction with the RGS.

» Barometric pressure effect (BPE) method: An average void fraction can be computed
from the correlation of the changes in waste surface level in response to barometric
pressure fluctuations.

o Surface level rise: An increase in global average void fraction may be indicated by a rise
in waste surface level such as 241-SY-101 prior to remediation (not used in this report).

o Core sample X-ray: Voids or gaps shown in X-rays of core samples may indicate stored
gas. However, these observations are only qualitative and cannot be used to derive an
average void fraction value (not used in this report).

In this report, only the data from VFI, RGS and BPE are used to obtain or derive the void
fraction for waste tanks at Hanford. Void fraction is available directly from the data sources of
VFI and RGS, while it requires extra data such as waste level, waste density, etc., and
calculations to convert the BPE data to a void fraction. Once the void fraction data are obtained,
a value 1s assigned to each individual tank based on the data quality preference given in

Section 4.0. For those tanks that do not have field measured data, a default value is assigned
based on the tank waste type (as defined in SNL-000198 and listed in Appendix A). The default
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values for each waste type are developed statistically based on the available measured field data.
Details of VFI, RGS and BPE data measurements are given below.

D2.1 VOID FRACTION INSTRUMENT

A VFI deployment produces a relatively large number of data points in the vertical direction, but
only from two risers. Each measurement is based on sampling a 367 mL waste volume (roughly
a cylinder 3 in. in diameter and 3 in. long). A basic assumption made in computing the average
void fraction is that data from two risers represent the entire tank. In five of the six double-shell
tanks (DST) sampled with the VFI, RGS samples from two additional risers and BPE results
have provided independent corroboration that this assumption 1s valid. Uncertainties in the
average void fraction derived from VFI data range from 10 to 30% standard deviation due
mainly to variability in the data (PNNL-11536, Gas Retention and Release Behavior in Hanford
Double-Shell Waste Tanks). For these reasons the Analyst Team concluded that VFI data, with
or without additional data from RGS samples, are sufficiently representative to characterize the
average void fraction for a specific tank.

D22 RETAINED GAS SAMPLER

A single RGS gas fraction measurement is made on a 19-in. core sample segment. The void
value from an RGS segment is generally as accurate as a single VFI data point, but there are far
fewer RGS data. There are usually only 3 to 6 RGS measurements per tank, 1 to 3 per riser,
compared to 20 to 40 VFI data points. Therefore, it 1s much more difficult to show that the RGS
measurements are representative of the entire tank. In comparing the results for DSTs, the RGS
differed from the VFI by about 50% for two tanks (DSTs 241-AN-103 and 241-AW-101) where
the sparse RGS data missed the bulk of the stored gas (PNNL-11450, Composition and
Quantities of Retained Gas Measured in Hanford Waste Tanks 241-AW-101, A-101, AN-105,
AN-104, and AN-103). VFI data for single-shell tank (SST) waste are not available. For SSTs,
the average gas fraction measurements with the RGS are compared with results from BPE and
surface level rise analyses. Where the latter two support each other, the RGS value may differ
by 50% (PNNL-11450, PNNL-11777, Composition and Quantities of Retained Gas Measured in
Hanford Waste Tanks 241-U-103, §-106, BY-101, and BY-109). Based on these comparisons,
where only RGS data are available, Pacific Northwest National Laboratory (PNNL) assigns an
uncertainty of £50% to the RGS value. For these reasons, the Analyst Team concluded that RGS
data alone are not sufficiently representative to characterize the average void fraction in the tank
waste, but can be used in determining void fraction distributions for the respective waste forms.

D2.3 BAROMETRIC PRESSURE EFFECT METHOD
The BPE method is the only means available to directly measure the total gas volume in the tank

waste independent of its past history. A correlation between waste level change and barometric
pressure indicates the presence of gas. However, the waste and surface level measurement

D-2
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system must meet the following criteria before the correlation can be used as a measurement
(PNNL-11536):

o The waste must be wet. The free liquid level must be above or within a few inches of the
top of the gas-retaining solids, or the solids must contain sufficient gas to float on the
liquid, or both.

» The tank must contain minimal suspended hardware items (that could support the waste
and interfere with level change measurements).

e The waste must not be disturbed by mixing (such as was done in DST 241-SY-101) that
suspends solids and gas bubbles during the period of the BPE measurement.

o The effective pressure on the stored gas must not change significantly during the BPE
measurement (e.g., by transfers).

e The precision of the waste surface level instrument must be within 0.1 in. and the level
must be recorded at least daily. Because of an amplification effect that is not fully
understood, the BPE method cannot be applied to interstitial liquid level data obtained
with the neutron probe.

Ideally, the pressure-level correlation should be developed using data obtained from November
through February when barometric pressure fluctuations are greatest. The “steep slope” BPE
model, abbreviated here as the BPE2 model, uses only data obtained during these months to
correlate barometric pressure and waste level. The BPE2 model also accounts for the effect of
waste strength (PNNL-11693, Estimating Retained Gas Volumes in the Hanford Tanks using
Waste Level Measurements), unlike the original, more simplified BPE model (which will be
abbreviated here as the BPE1 model). In cases where only BPE1 data are available, they will be
included in the development of an average void fraction value on a case-by-case basis.

The overall uncertainty in the void fraction value determined with a BPE model is driven by the
uncertainty in determining both the effective pressure of the stored gas and the correlation of
waste height change with barometric pressure change {the dL/dP value). The computed
uncertainty varies from 20 to 50%, and void fractions determined with a BPE model can differ
from RGS and VFI average void values by about the same amount.

D3.0 INPUT DATA

The void fraction assigned to all 177 tanks is either a field-measured value or statistically
determined default value for each waste type. To derive the default void fraction distributions
the input data of field observed void fraction data and waste property data are required. The field
observed VFI and RGS void fraction data are used to assign individual tank void fractions as
well as to determine the default void fraction distributions statistically. The VFI and RGS void
fraction data along with the waste type data are listed in Section D7.3. The VFI and VFI with
RGS results are presented in PNNL-11536, and RGS results are reported in PNNL-11373,
Flammable Gas Data Evaluation Progress Report.
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The other type of input data is d1./dP data from the BPE method along with other data such as
density and waste level, which are used to derive the void fraction. Once the void fraction is
derived from BPE then the void fraction values are assigned to individual data and also join the
field measured void fraction data from VFI and RGS to determine the default value statistically
for each waste type. Table D-1 lists the dL/dP data from BPE together with other data required
to derive the void fraction. RPP-15488, Investigation of Tank Void Fraction Using Liquid Level
to Atmospheric Pressure Changes, calculated the BPEs over the period from 1997 through 1999
using the BPE2 model for tanks with Enraf-Nonius Series 854 (ENRAF) gauges and meeting

BPE requirements, and the results were reported at the Data Review Workshops in 1999.

The additional data, including density and waste level to determine the void fraction, are taken
from RPP-5926, Steady-State Flammable Gas Release Rate Calculation or Lower Flammability
Evaluation for Hanford Tank Waste, Rev. 0, which provides data from the corresponding time
period as the BPE data. RPP-10006, Rev. 5, Appendix A, is used to update waste types of

selected tanks based on improved tank content analysis.

In addition, the dL/dP data of tanks 241-AN-107 and 241-SY-101 have been newly developed
using waste level and pressure data, which were queried from personal computer Surveillance

Analysis Computer System (PCSACS) for various time periods from October 1, 2004, through
November 1, 2005, as listed in the Section D7.1.

Table D-1. dL/dP Data from Barometric Pressure Effects and Related Data to

Calculate Void Fraction. (4 sheets)

NCL Lk NCL CL le BPE slope
Tank name Waste type volume volume depth depth density -
(m’) (m’) (in) @n) | (gmy) | (winHg)
References | Appendix A RPP-5926, Rev. 0, 2000 RPP-15488
241-A-101° SC/SS-NL 1,685 1,923 161.8 184.7 1.40 -0.364
241-A-103 SC/SS-NL 1,385 19 133.1 1.8 1.48 -0.013
241-A-106 MIX-NL 473 0 455 0.0 1.17 0.005
241-AN-101 | SC/SS-LIQ 125 481 12.0 46.2 1.16 0.000
241-AN-103 | SC/SS-LIQ 1,552 2,074 149.1 199.3 1.49 -0.535
241-AN-104 | SC/SS-LIQ 1,700 2,286 163.3 219.6 1.40 -0.226
241-AN-105 | SC/SS-LIQ 1,851 2,411 177.8 2316 1.42 -0.180
241-AW-101 | SC/SS-LIQ 1,158 3,104 111.3 298.2 14 -0.255
241-AW-103 | SL-LIQ 1,317 613 126.6 589 1.02 -0.029
241-AW-104 | SC/SS-LIQ 874 3,361 84.0 322.9 1.25 -0.076
241-AW-105 | SL-LIQ 1,060 564 101.8 54.2 1.02 0.001
241-AW-106 | SC/SS-LIQ 863 927 82.9 89.1 1.38 -0.062
241-AX-101° [ SC/SS-NL 1,370 1,461 131.6 140.4 1.48 -0.003
241-AX-102 | SC/SS-NL 114 0 10.9 0.0 1.39 0.005
241-AX-103 SC/SS-NL 424 0 40.7 0.0 1.39 -0.002
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Table D-1. dL/dP Data from Barometric Pressure Effects and Related Data to

Calculate Void Fraction. (4 sheets)

Tank name Waste type w[:l::jrlrie voﬁll;ne dNegtll‘l dfplt‘h deﬁzgty BPE slope

(m*) (m) (in) (n) | (g/miy | GinHe)

References | Appendix A RPP-5926, Rev. 0, 2000 RPP-15488
241-AX-104 | SL-NL 30 0 29 0.0 1.17 0.000
241-AY-101 | SL-NL 409 174 393 16.7 1.08 -0.050
241-AY-102 | SL-LIQ 799 1,556 76.7 149.5 1.09 -0.018
241-AZ-101 | SL-LIQ 178 3,021 17.1 290.2 1.19 0.093
241-B-102 SC/SS-NL 106 15 17.6 1.5 139 -0.001
241-B-112 MIX-NL 114 11 18.4 1.1 1.27 -0.002
241-BX-101 SL-NL 159 4 22.7 0.4 1.28 -0.010
241-BX-102 SL-NL 363 0 42.4 0.0 1.17 -0.003
241-BX-103 SL-NL 235 34 30.0 33 1.28 -0.003
241-BX-104 | SL-NL 363 11 42.4 1.1 1.29 -0.082
241-BX-105 | MIX-NL 174 19 242 18 1.29 -0.002
241-BX-106 SC/SS-NL 144 0 213 0.0 1.17 0.001
241-BX-107 | SL-NL 1,302 4 132.6 04 1.17 -0.088
241-BX-108 | SL-NL 98 0 16.9 0.0 1.17 0.001
241-BX-109 SL-NL 731 0 71.6 0.0 1.17 -0.007
241-BX-110 MIX-NL 772 11 81.6 1.1 1.40 -0.086
241-BX-111 | SC/SS-NL 609 4 66.0 04 1.39 -0.002
241-BX-112 | SL-NL 621 4 67.1 04 1.18 -0.009
241-C-103 SL-NL 450 299 50.7 28.7 1.08 -0.001
241-C-106 SL-NL 30 159 104 153 1.09 0.009
241-C-107 SL-NL 973 0 100.9 0.0 1.17 -0.004
241-5-101 MIX-NL 1,571 45 158.4 44 1.36 -0.171
241-8-102 SC/SS-NL 1,946 194.4 0.0 1.39 -0.518
241-8-103° SC/SS-NL 874 91.5 6.2 1.39 -0.349
241-8-106° SC/SS-NL 1,613 162.4 19.3 1.39 -0.316
241-8-107 SL-NL 1,370 53 139.1 5.1 1.17 -0.087
241-S-108 SC/SS-NL 1,703 0 171.1 0.0 1.39 -0.001
241-8-110 SC/SS-NL 1,476 0 149.3 0.0 1.43 0.026
241-8-111 SC/SS-NL 1,624 420 163.5 40.4 1.39 -0.437
241-8X-101 MIX-NL 1,696 0 171.1 0.0 1.50 -1.513
241-SX-103 | SC/SS-NL 2,400 0 238.7 0.0 1.47 -3.103
241-SX-104 MIX-NL 1,768 0 178.0 0.0 1.39 -0.056
241-SX-105 SC/SS-NL 2,411 0 239.8 0.0 1.47 -3.181
241-8X-106 | SC/SS-NL 1,223 379 125.6 36.4 1.42 -0.407
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Table D-1. dL/dP Data from Barometric Pressure Effects and Related Data to

Calculate Void Fraction. (4 sheets)

Tank name Waste type v:&e VO(]iJl;lle tliiﬁtllll df;;h deg:;ty BPE SOpe

(m’) (m’) (in) () | @mr) | (VinHe)

References | Appendix A RPP-5926, Rev. 0, 2000 RPP-15488
241-SY-102 | SL-LIQ 333 1,984 32.0 190.6 1.18 -0.006
241-8Y-103 SC/SS-LIQ 1,370 1,446 131.6 1389 1.47 -0.196
241-T-101 MIX-NL 382 4 442 04 1.40 -0.001
241-T-102 SL-NL 72 49 14.4 4.7 1.14 0.000
241-T-107 SL-NL 655 70.4 0.0 1.17 -0.024
241-T-108 MIX-NL 167 235 0.0 1.40 -0.013
241-T-109 SC/SS-NL 220 0 28.6 0.0 1.39 -0.003
241-TX-101 SL-NL 318 11 38.0 1.1 1.17 -0.002
241-TX-102 | SC/SS-NL 821 0 86.4 0.0 139 -1.570
241-TX-103 SC/SS-NL 594 0 64.6 0.0 1.39 -0.100
241-TX-104 | MIX-NL 227 19 293 1.8 1.45 -0.002
241-TX-105 SC/SS-NL 2,305 0 228.9 0.0 1.39 -0.001
241-TX-106 | SC/SS-NL 1,291 0 131.5 0.0 1.39 -0.002
241-TX-107 | SC/SS-NL 132 4 202 0.4 139 -0.003
241-TX-108 SC/SS-NL 507 0 56.2 0.0 1.39 0.004
241-TX-109 SL-NL 1454 0 147.1 0.0 1.17 -0.002
241-TX-110 | SC/SS-NL 1,749 0 175.5 0.0 1.39 -0.004
241-TX-111 SC/SS-NL 1,401 0 142.0 0.0 1.39 0.001
241-TX-112 | SC/SS-NL 2,457 0 2435 0.0 1.39 -0.002
241-TX-113 SC/SS-NL 2,298 0 228.2 0.0 1.40 0.000
241-TX-114 | SC/SS-NL 2,025 0 202.0 0.0 1.39 0.000
241-TX-115 | SC/SS-NL 2,150 0 214.0 0.0 1.39 -0.004
241-TX-116 | SC/SS-NL 2,389 0 236.9 0.0 1.39 -0.002
241-TX-117 | SC/SS-NL 2,370 0 235.1 0.0 1.39 0.001
241-TX-118 SC/SS-NL 1,136 0 116.6 0.0 1.39 0.003
241-TY-101 MIX-NL 447 0 50.4 0.0 1.40 -0.004
241-TY-102 SC/SS-NL 242 0 30.7 0.0 1.39 -0.008
241-TY-103 MIX-NL 613 0 66.4 0.0 1.23 -0.014
241-TY-104 | SL-NL 163 11 23.1 1.1 1.17 -0.002
241-TY-105 SL-NL 874 0 921.5 0.0 117 -0.009
241-TY-106 | SL-NL 79 0 15.1 0.0 1.17 -0.003
241-U-103 SC/SS-NL 1,722 49 172.9 4.7 1.41 -0.334
241-U-105 SC/SS-NL 1,442 140 146.0 135 1.46 -0.257
241-U-106 SC/SS-NL 799 57 84.2 55 1.35 -0.034
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Table D-1. dL/dP Data from Barometric Pressure Effects and Related Data to

Calculate Void Fraction. (4 sheets)

NCL CL NCL CL CL BPE slope
Tank name Waste type volume volume depth depth density (in/in Hp)
(m’) (m*) (in) (i) | (g/mL) g
References | Appendix A RPP-5926, Rev. 0, 2000 RPP-15488
241-U-107 SC/SS-NL 1,420 125 143.8 12.0 1.41 -0.267
241-U-109 SC/SS-NL 1,688 72 169.6 6.9 1.47 -0.165
241-U-110 SL-NL 704 0 75.1 0.0 1.17 0.004
Notes:

*CL depth is 0 for calculation purposes — waste layers were inverted prior to saltwell pumping.
CL Depth is based on information from HNF-EP-0182-130, 1999, Waste Tank Summary Report for Month

Ending 01/31/1999, Lockheed Martin Hanford Company, Richland, Washington.

RPP-5926, 2000, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level

Evaluation for Hanford Tank Waste, Rev. 0, CH2ZM HILL Hanford Group, Inc., Richland, Washington.

RPP-15488, 2004, Investigation of Tank Void Fraction Using Liquid Level to Atmospheric Pressure Changes,
Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

BBI
BPE

CL
MIX-NL
NCL

SC/SS-LIQ = saltcake/salt slurry waste form with 2 1m liquid over solids.
= saltcake/salt slurry waste form with < Im liquid over solids.
= sludge waste form with 2 1 m liquid over solids.

= sludge waste form with < 1 m liquid over solids.

SC/SS-NL

SL-LIQ
SL-NL

= Best-Basis Inventory.

= barometric pressure effect.

=convective layer.

= mixed waste form with < 1 m liquid over solids

= nonconvective layer.

D4.0 ASSUMPTIONS

The following assumptions pertain to the void fraction development using the dL/dP data of BPE
which is calculated in the spreadsheet “SVF 1131 BPE to Void Fraction Master R0 060221 xIs”.

1. BPE sample data is normally distributed.

2. Surface of waste is not fixed by waste intrusion such as risers, liquid observation wells,

eic.

3. The surface of the waste was at least a small depth of liquid supernatant at the time of the
level readings. The liquid pool should cover a majority of the waste surface.

4. The retained gas is subject to the pressure due to the liquid head only. The solids are
self-supporting and do not contribute to the pressure on the retained gas.

5. Minimum retained gas volume is 100 ft’
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The following assumptions pertain to the default void fraction development for each waste type
using all available field measured void fractions, which is calculated in the spreadsheet
“RPP-10006r5 Void fraction revised data by tank - 060519 xls.”

1. Individual tank void fractions are normally distributed.

2. The default void fractions for the various waste types are fit to specific continuous
distributions based on the results of a regression performed using Crystal Ball.!

3. The distributions selected for analysis are

Normal
LogNormal
Uniform
Triangular
Gamma.

4. The following waste groups have insufficient data to be regressed by themselves. It is
assumed that the following table will provide conservative default distributions for these
waste types.

e SL-LIQ (shudge waste form with > 1 m liquid over solids) tanks — Use SC/SS-LIQ
(saltcake/salt slurry waste form with > 1m liquid over solids) distribution results
bounded by the void fraction at neutral buoyancy.

o Liquid waste tanks — Set the void fraction to 0.

e MIX-NL (mixed waste form with < 1 m liquid over solids) tanks — Use SC/SS-NL
(saltcake/salt slurry waste form with < im liquid over solids) distribution results.

o MIX-LIQ (mixed waste form with > 1 m liquid over solids) tanks — Use SC/SS-LIQ
distribution results bounded by the void fraction at neutral buoyancy.

5. The following list gives the order of void fraction data preference, the most preferred data
source is given first:

VFI + RGS

VFI

BPE

Derived default distribution based on waste type

RGS (not to be used as a basis for individual tank mean void fraction).

¢ O o0 ¢ o

' Crystal Ball is a tradernark of Decisioneering, Inc., Denver, Colorado.
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D5.0 METHODOLOGY

The void fraction assigned to all 177 tanks is either field-measured data or statistically
determined default value of each waste type. The void fractions of several tanks (Table D-7)
have been reported based on the field-measured void fraction data from the VFI or RGS project.
These data can be assigned to individual tanks and can also be used to determine the default
value for each waste group.

The other field measured dL/dP data is taken from the BPE method, which is the change in level
corresponding to a unit change in pressure, can be used to derive the void fraction. The
relationship between dL/dP and the average in-situ void fraction, (PNNL-11693) based on the

ideal gas law, is given as follows:
2 {2 1
L\ ap ®-n

where P is the effective pressure at which the gas is stored, L is the total depth of the wetted
waste. In the calculation, the effective pressure can be calculated as follows:

P=P +p_*g*(He +Heg +0.5*Hype) (D-2)

where Pyg is the pressure in the tank headspace (assumed to be 1 atmosphere), g is the gravity
acceleration (9.806 m/sec?), Hey is the height of the liquid (convective) layer (m), Heg is the
height of the crust layer (m), and Hwycy is the height of liquid saturated nonconvective

layer (m). The total in-situ gas volume V,; is obtained by multiplying Equation D-1 by the total
waste volume

dL
Vgas = APX (_ E};J (D'3)

where A is the tank cross-sectional area and P is the effective pressure of the gas stored.

As mentioned in Section D2.0, even though the dL/dP are developed for all tanks that currently
had ENRAF data, there are additional criteria for discarding the BPE data. Tanks that have a
BPE response that is positive or equal to zero are not used. Tanks that do not have a liquid
surface (greater than 0.3 in. of liquid) are also not used. In addition, if the calculated retained
gas volume is less than 100 %, the retained gas volume is increased to 100 ft*. Thisisa
conservative assumption which allows the use of BPE data from low volume tanks. Details of
individual tank data are discussed in Section D7.0.

For DSTs 241-AN-107 and 241-SY-101, the dL/dP data are determined based on the waste level
and pressure. The void fraction of DST 241-AN-107 has been evaluated using PCSACS data
over 12 months, from October 1, 2004, through November 1, 2005. Using the spreadsheet “BP
Correlation with DB Connect .xIs” template, the ENRAF and meteorological data was retrieved
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from PCSACS and regressed to determine the BPE correlation for the time period selected. The
methodology used in the spreadsheet is a simplified version of the methodology used in
RPP-15488 and verified in Software Verification Form 1002. The spreadsheet “BP Correlation
with DB Connect .xls” performs the evaluation of the surface level (ENRAF data from
PCSACS) response to atmosphertc pressure. The user estimates an approximate slope to the
surface level response, then the program uses the Excel” solver function to minimize the error to
produce a statistical fit to the observed data, which returns the negative of the BPE slope.

Once all the available void fraction data are collected or derived from the field-measurements,
data are assigned to the specific tank and are used to determine the default void fraction
distributions based on waste type. The individual tank void fractions are selected based on the
priority of data as listed in the assumptions, Section D4.0. The tank specific void fractions for
those with VFI or BPE data use an uncertainty of one half of the mean void fraction.

For tanks with no void fraction measurements, a default void fraction distribution is used. The
default void fraction distributions are developed based on tanks with similar waste types. All
void fraction data for a specific waste type is grouped together, no matter the source. There may
be multiple void fractions for selected tanks, such as a collection of BPE, RGS, and VFI data.
The collected data is ordered in increasing magnitude, and fit by Crystal Ball. The distributions
evaluated -- normal, lognormal, uniform and gamma -- are listed in Section D4.0. When the
regression data is returned, the best fit results are used to describe the default distribution for the
evaluated waste type. Waste types with sparse data, less than seven samples, are assigned a
conservative default distribution from the waste types that have been successfully evaluated.
Similar waste types may also be grouped together for the creation of a default distribution. For
example, SC/SS-NL and MIX-NL data are grouped together. Currently, for all waste types,
SC/SS-LIQ is the conservative waste type.

? Excel is a registered trademark of Microsoft Corporation, Redmond, Washington.
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D6.0 COMPUTER SOFTWARE USE AND VERIFICATION

The spreadsheets used in the calculations are as follows.
Spreadsheet: “BP Correlation with DB Connect .xIs”

Spreadsheet Verification Form Number: SVF-1002, Spreadsheet Verification and
Release Form for Spreadsheet ' BP Correlation with DB Connect .xls’

Author: Bames, D. A.
Revision: Rev. 0, released 6/27/2005

Purpose: Identify if there is a statistically significant correlation between tank level
changes and atmospheric barometric pressure and quantify the effects.

Spreadsheet Name: “SVF 1131 BPE to Void Fraction Master RO 060221 .x1s”

Spreadsheet Verification Form Number: SVF-1131, Spreadsheet Verification and
Release Form for Spreadsheet 'SVF 1131 BPE to Void Fraction Master R0 060221 xIs’

Author: Barker, S. A.

Spreadsheet Description Document: RPP-29388, Spreadsheet Description Document
For 'SVF 1131 BPE to Void Fraction Master R0 060221 xIs’

Purpose: Converts raw BPE data to void fraction.

Spreadsheet Name: “RPP-10006r5 Void fraction revised data by tank - 060519 .xls”
Spreadsheet Verification Form Number: SVF-1132, Spreadsheet Verification and
Release Form for Spreadsheet ' RPP-10006r5 Void fraction revised data by tank -
060519 xls’

Author: Barker, S. A.

Spreadsheet Description Document: RPP-29389, Spreadsheet Description Document
For 'RPP-10006r5 Void fraction revised data by tank - 060519 .xIs’

Purpose: Calculates the various default distributions based on waste type.
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D7.0 RESULTS

The results for the calculations documented in this appendix are given as follows.

« The dL/dP data development and related void fraction calculations are performed for
DSTs 241-AN-107 and 241-SY-101 based on the latest waste level and pressure with
results in Section D7.1.

e There are 86 dL/dP data points available from the BPE study (RPP-15488). Void
fractions are derived from the dL/dP data using the density, waste level, and waste type
data. Only 39 void fractions are validated and adopted for use (excluding 241-AN-107
and 241-SY-101) (see Section D7.2).

e With all the available void fraction data from VFI, RGS, and BPE methods, the default
value for the waste types given below are listed in Section D7.3. Default void fraction
assignments are made for the waste types below using available VFI, RGS, and BPE void
fraction data.

-~ SC/SS-NL, and MIX-NL wastes using SC/SS-NL data
— SL-NL wastes
- SC/SS-LIQ, SL-LIQ, and MIX-LIQ wastes using SC/SS-LIQ data.

In addition, liquid waste is assigned a zero void fraction.

e Table 13, Section D.7.4 contains the void fraction value assigned to all 177 DSTs and
SSTs.

D7.1 VOID FRACTION FOR DOUBLE-SHELL TANKS
241-AN-107 AND 241-SY-101

Void fractions are determined using waste level, pressure, and dL/dP data for DSTs 241-AN-107
and 241-SY-101. Section D.7.1.1 summarizes the evaluation for DST 241-AN-107.
Section D.7.1.2 summarizes the void fraction determination for DST 241-SY-101.

D7.1.1 Determination of Void Fraction for Double-Shell Tank
241-AN-107

Figure D-1 1llustrates the relationship between the surface level in DST 241-AN-107 and the
inverse barometric pressure for the time period between March 14, 2005, and May 16, 2005.

The R-squared value of 0.93 indicates the fit of inverse barometric pressure to surface level is
significant. Note that the sign convention for this procedure is opposite the sign convention used
by PNL-10821, Screening the Hanford Tanks for Trapped Gas. Positive slopes for the BPE
correlation are valid responses to the BPE test in spreadsheet “BP Correlation with DB

Connect .xls,” whereas negative slopes are valid responses to the BPE test in the PNL-10821
analyses.

D-12



Page 171 of 198 of DA03081917

RPP-10006 REV 5

In the analysis of DST 241-AN-107, it was found that six of the seven periods of time met the
criteria required for a good fit to BPE data. Table D-2 presents the statistics and results for this
analysis. The BPE results were then entered into the spreadsheet template “SVF 1131 BPE to
Void Fraction Master RO 060221 .xls” to convert the results into void fraction (see Table D-3).
After data analysis, an average void fraction of 0.011 was found and used to generate the void
fraction distribution. The standard deviation of the good BPE data from all six periods with
good fit is 0.003 and the observed void fractions ranged from 0.007 to 0.017.

Figure D-1. Example of the Correlation Between Double-Shell Tank 241-AN-107 Surface
Level With the Inverse Barometric Pressure.

R°2- 03% Tank AN107: Raw Level Data and Adjusted Barometric Pressure Gz 1270
ASE. . 0015 SR 061G
200 540 QgL o 400013

#00.50C

0 420

20380 v v
Mar 05 A0S May 05

[—+—Raw Leva Data —— 180 Vaiue ABS1 by GIn BaameRos— — — SNGEA B - - - - -GG 2 UMbl - - - - - Dacreaes Lime|
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Table D-2. Results of the Barometric Pressure Effect Evaluation for
Double-Shell Tank 241-AN-107.

B . Max
arometric
ressure L)
No. | Start date End date peffec ¢ Gain Offset Slope r2 Error press
[ change
in/in, Heg)* .
( n — g) (ll'l._Hg)
1 10/1/2004 12/10/2004 0.012 9.97 | 400.100 | -1.289 0.981 | 0.007 1.37
2 | 12/10/2004 | 1/9/2005 0.009 7.44 | 400.099 0.819 0.925 | 0.001 1.46
3 | 3/14/2005 5/16/2005 0.015 12.79 | 400.019 0.619 0.930 | 0.004 1.03
4 | 5/16/2005 6/2/2005 0.012 10.00 | 400.152 | -1.402 0.936 | 0.000 0.81
S | 6/3/2005 7/17/2005 -0.011 -9.19 | 400.873 | -1.005 0.972 | 0.001 0.62
6 | 7/18/2005 ©/3/2005 0.014 12.01 | 400.152 1.234 0.987 | 0.001 0.71
7 | 9/9/2005 11/1/2005 0.022 18.68 | 399.866 | -2.137 0.990 | 0.006 0.85
Naote:

*For the analysis using “BP Correlation with DB Connect .xls,” a positive barometric pressure effect
indicates the data is valid.

Table D-3. Results of the Void Fraction Determination for Double-Shell Tank 241-AN-107.

S - VYolume of
LS || BT Solid layer quu.ld L BPE slope| retained Volur.ne i Void
No. |waste levellayer dept depth (in.) density | pressure (in.fin. Hg) gas solids fraction
(in.) (in.) 7] (g/mL) |on gas (psi) : (ach) ()
1 400.4 310.58 89.82 1.43 33.06 -0.012 297 33,019 0.009
2 400.4 310.58 89.82 143 33.06 -0.009 223 33,019 0.007
3 400.5 310.68 89.82 143 33.06 -0.015 372 33,019 0.011
4 400.5 310.68 89.82 143 33.06 -0.012 297 33,019 0.009
5 400.6 310.78 89.82 1.43 33.07 0.011 NA 33,019 NA
6 400.6 310.78 89.82 1.43 33.07 -0.014 347 33,019 0.011
7 400.5 310.68 §9.82 1.43 33.06 -0.022 545 33,019 0.017
Notes:
BPE = barometric pressure effect.
PCSACS = personal computer Surveillance Analysis Computer System.

D7.1.2 Determination of Void Fraction for Double-Shell Tank 241-SY-101

Figure D-2 illustrates the relationship between the surface level in DST 241-SY-101 and the
inverse barometric pressure for the time period between March 14, 2005, and May 16, 2005.
The R-squared value of 0.785 indicates that the fit of inverse barometric pressure to surface level
is adequate. Figure D-2 shows much more movement in the hourly barometric pressure readings
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than can be explained by the number of surface readings stored in PCSACS (one surface level
reading per day).

In the analysis of DST 241-SY-101, it was found that 11 periods of time met the criteria required
for a good fit to BPE data. Table D-4 presents the statistics and results for this analysis.
Between October 2004 and September 2005, about 270 in. of liquid were added to the tank. The
transfer into DST 241-SY-101 was completed on June 30, 2005. As expected, a slight decrease
in void fraction was noted as the result of the increased head pressure on the retained gas due to
this additional liquid.

The BPE results were then entered into the spreadsheet template “SVF 1131 BPE to Void
Fraction Master RO 060221 .xls” to convert the results into void fraction. In all cases, the
retained gas volume was found to be greater than 1,000 ft*. The mean void fraction for DST
241-SY-101 1s 0.085 with a standard deviation of 0.024 and a range from 0.041 to 0.125.
Table D-5 presents the summary of retained gas volumes and void fraction.

Figure D-2. Example of the Correlation Between Double-Shell Tank 241-SY-101
Surface Level With the Inverse Barometric Pressure.

AD = . =
P UL Tank $SY101: Raw Level Data and Adjusted Barometric Pressure Gain = 79.065
dUdP = 0083 Slope = 0.578
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410.54 =
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ey
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410.53 f7 v
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410.51
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4105 T 3 T
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Table D-4. Results of the Barometric Pressure Effect Evaluation for
Double-Shell Tank 241-SY-101.

Barometric Baro
No. | Start date End date pressure Gain Offset Slope r? Error press
effect change
(in.fin._hg)* (in._Hg)
1 | 9/13/2005 9/29/2005 0.063 53.38 | 409.612 0.901 0.71 | 0.001 0.56
2 | 8/25/2005 9/13/2005 0.112 05.33 | 408.193 0.019 0.71 | 0,002 0.56
3 | 7114/2005 8/13/2005 0.093 79.06 | 407.846 0.576 | 0.785 | 0.002 0.69
4 | 5/13/2005 5/29/2005 0.24 205.1 | 138.591 0992 | 0.799 | 0.013 0.81
5 | 4/13/2005 5/12/2005 0.24 205.1 | 140.58 2396 | 0.886 | 0.026 0.66
6 | 3/31/2005 4/12/2005 0.227 193,83 | 140.58 0.496 | 0.694 | 0.017 0.9
7 | 3/712005 3/30/2005 0.278 237.01 | 137.432 0496 | 0.831 | 0.017 0.9
8 | 3/7/2005 3/4/2005 0.25 212.90 | 138338 | -0.72 0.904 | 0.000 0.38
9 | 1/21/2005 3/4/2005 0.25 210.63 | 131.157 | -0.72 0.722 | 0.024 0.66
10 | 1/21/2005 1/18/2005 0.325 27741 | 128989 | -2.093 | 0917 | 0.041 1.57
11 | 10/17/2004 | 1/18/2004 0.231 196,78 | 131.746 | -2.191 0914 } 0.131 1.48
Note:

*For the analysis using “BP Correlation with DB Connect xls,” a positive barometric pressure effect
indicates the data is valid.

Tabie D-5. Results of the Void Fraction Determination for Double-Shell Tank 241-SY-101.

Yorct . Volume
PCSACS | Liquid | Solid Liquid Head BPE of Volume )
N waste layer layer m pressure \ . Void
0. density slope retained | of solids :
level depth | depth (@/mL) on gas (in/in Hg) as () fraction
(in) (in) | (n) (psi) g1 B
(ach)
1 411.4 3114 100 1.30 31.66 0.063 NA 36,833 | NA
2 411.5 311.5 100 1.30 31.67 -0.112 2,659 36,833 0.072
3 410.6 310.6 100 1.30 31.63 -0.093 2,205 36,833 0.060
4 145.6 45.6 100 1.30 19.18 -0.24 3,450 36,833 0.054
5 145.6 45.6 100 1.30 19.18 -0.24 2,473 36,833 0.067
6 145.5 46 100 1.30 19.18 -0.227 3,264 36,833 0.089
7 145.6 46 100 1.30 19.18 -0.278 3,997 36,833 0.109
3 145.6 45.6 100 1.30 19.18 -0.25 3,594 36,833 0.098
9 138.3 38.3 100 1.30 18 -0.25 3,488 36,833 0.095
10 138.5 38.5 100 1.30 18.85 -0.325 4,592 36,833 0.125
11 138.5 38.5 100 1.30 18.85 -0.231 3,264 36,833 0.089
Notes:
BPE = barometric pressure effect.
PCSACS = personal computer Surveillance Analysis Computer System.
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D7.2 BEST YOID FRACTION DATA

The distribution of all available tank average void fraction values determined from VFI data
(with or without RGS data added) or RGS and BPE data are used to derive an average void
fraction distribution for a waste form. When available for a specific tank, RGS and VFI data are
combined into a single average. A distribution of individual RGS segment voids is not
appropriate to characterize a tank average void since, at present, there are very few data points
per tank (e.g., three to six) and they represent local effects. Therefore, in the cases where RGS
data are available, it is only appropriate to use them to develop an average void fraction
distribution for each waste form.

Table D-6 summarizes the BPE evaluation final results. The actual values used for the tank void
fraction means or the default distribution regression are identified in the “Validated void fraction
from dL/dP data” column.

Table D-6. Void Fraction Data from Barometric Pressure Effect and Related Data to Calculate
Void Fraction. {4 sheets)

Effective |  Calculated rfsf:.:zt;:s Validated void fraction
Tank name Waste type Pressure void fraction volume from dL/dP data
(psi) (unitless) (ach)

241-A-101 SC/SS-NL 18.78 0.086 5,124 Adopted value 0.086

241-A-103 SC/SS-NL 18.35 0.004 179 Adopted value 0.004

241-A-106 MIX-NL 15.65 NA -59 Dropped due to zero or positive dL/dP

241-AN-101 SC/SS-LIQ 16.88 NA 0 Dropped due to zero or positive dL/dP

241-AN-103 SC/SS-LIQ 29.43 0.215 11,802 Adopted value 0.2135

241-AN-104 SC/SS-LIQ 29.93 0.084 5,070 Adopted value 0.084

241-AN-105 SC/SS-LIQ 31.13 0.064 4,200 Adopted value 0.064

241-AW-101 | SC/SS-LIQ 32.59 0.152 6,229 Adopted value 0.152

241-AW-103 | SL-LIQ 19.19 0.009 417 Adopted value 0.009

241-AW-104 | SC/SS-LIQ 31.17 0.058 1,776 Adopted value 0.058

241-AW-105 | SL-LIQ 18.56 NA -14 Dropped due to zero or positive dL/dP

241-AW-106 | SC/SS-LIQ 21.2 0.032 985 Adopted value 0.032

241-AX-101 SC/SS-NL 18.21 0.002 41 Updated value w/ 100 f' RG  0.002
Not used — too far from RGS sample
0.170

241-AX-102 SC/SS-NL 14.96 NA -56 Dropped due to zero or positive dL/dP

241-AX-103 SC/SS-NL 15.71 NA 24 Dropped due to no liquid layer

241-AX-104 SL-NL 14.75 NA 0 Dropped due to zero or positive dL/dP

241-AY-101 SL-NL 16.11 0.042 604 Adopted value 0.042

241-AY-102 SL-LIQ 22.09 0.011 298 Dropped due to waste transfer interrupt

241-AZ-101 SL-LIQ 27.53 NA -1,919 Dropped due to zero or positive dL/dP

241-B-102 SC/SS-NL 15.2 0.027 11 Updated value w/ 100 f' RG  0.027
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Table D-6. Void Fraction Data from Barometric Pressure Effect and Related Data to Calculate
Void Fraction. (4 sheets)

Effective | Calculateq | CRiculated Validated void fraction
Tank name | Wastetype | Pressure | void fraction Eainedleas ?
(psi) (unitless) volume from dL/dP data
(acf)
241-B-112 MIX-NL 15.16 0.025 23 Updated value w/ 100 f* RG  0.025
241-BX-101 SL-NL 15.23 0.020 114 Adopted value 0.02
241-BX-102 SL-NL 15.59 NA 35 Dropped due to no liquid layer
241-BX-103 SL-NL 15.53 0.012 35 Updated value w/ 100 f* RG  0.012
241-BX-104 SL-NL 15.73 0.075 967 Adopted value 0.075
241-BX-105 | MIX-NL 15.34 0.016 23 Updated value w/ 100 Y RG  0.016
241-BX-106 SC/SS-NL 15.14 NA -11 Dropped due to zero ot positive dL/dP
241-BX-107 | SL-NL 17.5% 0.025 1,155 Adopted value 0.025
24)1-BX-108 SL-NL 15.05 NA -11 Dropped due te zero or positive dL/dP
241-BX-109 SL-NL 16.33 NA 86 Dropped due to no liquid layer
241-BX-110 MIiX-NL 16.81 0.040 1,084 Adopted value 0.040
241-BX-111 SC/SS-NL 16.37 0.005 25 Updated value w/ 100 f* RG  0.005
241-BX-112 SL-NL 16.14 0.005 109 Adopted value 0.005
241-C-103 SL-NL 16.8 0.006 13 Updated value w/ 100 f RG  0.006
241-C-106 SL-NL 15.5 NA -105 Dropped due to zero or positive dL/dP
241-C-107 SL-NL 16.82 NA 50 Dropped due to no liquid layer
241-8-101 MIX-NL 18.8 0.043 2410 Adopted value 0.043
241-5-102 SC/SS-NL 19.57 NA 7,599 Dropped due to no liquid layer
241-S-103 SC/SS-NL 17.3 0.i147 4,526 Adopted value 0.147
241-S-106 SC/SS-NL 19.74 0.082 4.676 Adopted value 0.082
241-S-107 SL-NL 17.84 0.024 1,163 Adopted value 0.024
241-8-108 SC/SS-NL 18.99 NA 14 Dropped due to no liquid layer
241-S-110 SC/SS-NL 18.55 NA -362 Dropped due to zero or positive dL/dP
241-8-111 SC/SS-NL 20.82 0.119 6,820 Adopted value 0.119
241-SX-101 MIX-NL 19.33 NA 21,922 Dropped due to no liquid layer
241-SX-103 SC/SS-NL 21.03 NA 48,914 Dropped due to no liquid layer
241-8X-104 MIX-NL 19.16 NA 804 Dropped due to no liquid layer
241-SX-105 SC/SS-NL 21.06 NA 50,215 Dropped due to no liquid layer
241-8X-106 SC/SS-NL 19.78 0.140 6,034 Adopted value 0.140
241-SY-102 SL-LIQ 23.5 0.009 106 Adopted value 0.009
241-8Y-103 SC/SS-LIQ 25.56 0.078 3,755 Adopted value 0.078
241-T-101 MIX-NL 15.83 0.007 12 Updated value w/ 100 f* RG  0.007
241-T-102 SL-NL 15.18 NA 0 Dropped due to zero or positive dL/dP
241-T-107 SL-NL 16.18 NA 291 Dropped due to no liquid layer
241-T-108 MIX-NL 15.28 NA 149 Dropped due to no liquid layer
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Table D-6. Void Fraction Data from Barometric Pressure Effect and Related Data to Calculate

Void Fraction. (4 sheets)

Effective | Calculated | CHH A6 Validated void fraction
Tank name Waste type Pressure void fraction
{psi) (unitless) volume from dL/dP data
(ach)
241-T-109 SC/SS-NL 15.41 NA 35 Dropped due to no liquid layer
241-TX-101 SL-NL 15.54 0.009 23 Updated value w/ 100 f* RG  0.009
241-TX-102 SC/SS-NL 16.86 NA 19,841 Dropped due to no liquid layer
241-TX-103 SC/SS-NL 16.31 NA 1,223 Dropped due to no liquid layer
241-TX-104 MIX-NL 15.55 0.012 23 Updated value w/ 100 f RG  0.012
241-TX-105 SC/SS-NL 2044 NA 15 Dropped due to no liquid layer
241-TX-106 SC/SS-NL 17.99 NA 27 Dropped due to no liquid layer
241-TX-107 SC/SS-NL 15.22 0.021 34 Updated value w/ 100 ft' RG  0.021
241-TX-108 SC/SS-NL 16.1 NA -48 Dropped due to zero or positive dL/dP
241-TX-109 SL-NL 17.8 NA 27 Dropped due to no liquid layer
241-TX-110 SC/SS-NL 19.1 NA 57 Dropped due to no liquid layer
241-TX-111 SC/SS-NL 18.26 NA -14 Dropped due to zero or positive dL/dP
241-TX-112 SC/SS-NL 20.8 NA 31 Dropped due to no liquid layer
241-TX-113 SC/SS-NL 2046 NA 0 Dropped due to zero or positive dL/dP
241-TX-114 SC/SS-NL 19.76 NA 0 Dropped due to zero or positive dL/dP
241-TX-115 SC/SS-NL 20.06 NA 60 Dropped due to no liquid layer
241-TX-116 SC/SS-NL 20.64 NA 31 Dropped due to no liquid layer
241-TX-117 SC/SS-NL 20.59 NA -15 Dropped due to zero or positive dL/dP
241-TX-118 SC/SS-NL 17.62 NA -33 Dropped due to zero or positive dL/dP
241-TY-101 MIX-NL 15.96 NA 48 Dropped due to no liquid layer
241-TY-102 SC/SS-NL 15.46 NA 93 Dropped due to no liquid layer
241-TY-103 MIX-NL 16.17 NA 170 Dropped due to no liquid layer
241-TY-104 SL-NL 15.22 0.017 23 Updated value w/ 100 f* RG  0.017
241-TY-105 SL-NL 16.62 NA 112 Dropped due to no liquid layer
241-TY-106 SL-NL 15.01 NA 34 Dropped due to no liquid layer
241-U-103 SC/SS-NL 19.33 0.080 4,839 Adopted value 0.080
241-U-105 SC/SS-NL 19.25 0.073 3,708 Adopted value 0.073
241-U-106 SC/SS-NL 17.01 0.015 434 Adopted value 0.015
241-U-107 SC/SS-NL 13.96 0.076 3,795 Adopted value 0.076
241-U-109 SC/SS-NL 19.56 0.041 2,419 Adopted value 0.041
241-U-110 SL-NL 16.28 NA -49 Dropped due to zero or positive dL/dP
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Table D-6. Void Fraction Data from Barometric Pressure Effect and Related Data to Calculate
Void Fraction. (4 sheets)

Effective | Calculated | SHeuiated Validated void fraction
Tank name Waste type Pressure void fraction vo]umeg " LTS
i i rom ata
(psi) (unitless) (ac)
Notes:
MIX-NL = mixed waste form with < 1 m liquid over solids
NA = not applicable.

SC/SS-LIQ = saltcake/salt slurry waste form with = 1m liquid over solids.
SC/SS-NL = saltcake/salt slurry waste form with < 1m liquid over solids.
SL-LIQ = sludge waste form with 2 1 m liquid over solids.

SL-NL = sludge waste form with < 1 m liquid over solids.

The average void fraction distribution determined for a specific tank from VFI data (with or
without RGS data added) or BPE should be used in preference to the default void fraction
distribution for the tank waste form.

D7.3 DEFAULT VOID FRACTIONS FOR EACH WASTE TYPE

The void fraction analysis was performed based on the type of waste found in the tanks. A full
discussion of the waste type classification can be found in SNL-000198 and RPP-6171. Default
distributions are generated for the following waste categories: saltcake/salt slurry waste without
at least 1 m of supernatant liquid (SC/SS-NL), sludge waste without at least 1 m of supernatant
liquid (SL-NL), saltcake/salt slurry waste with at least 1 m of supernatant liquid (SC/SS-LIQ),
sludge waste with at least 1 m of supernatant liquid (SL-LIQ), liquid waste (LIQUID), mixed
waste without at least 1 m of supernatant liquid (MIX-NL), and mixed waste with at least 1 m of
supernatant liquid (MIX-LIQ). Current waste type classifications are based on the waste
volumes found in RPP-5926, Steady-State Flammable Gas Release Rate Calculation and Lower
Flammability Level Evaluation for Hanford Tank Waste, Rev. 5, and have been updated from the
waste types presented in RPP-6171. The void fraction results are grouped together to
conservatively estimate void fractions for waste types, which do not have sufficient void fraction
data to perform a valid statistical analysis. A complete listing of the tanks and their waste types
can be found in Appendix A.

D7.3.1 SC/SS-NL and MIX-NL Default Void Fraction

The data for SC/SS-NL and MIX-NL wastes (Table D-7) have been regressed using Crystal Ball
to fit a normal distribution which is then truncated to bound the values to those expected for the
void fraction for the given waste type as shown in Figure D-3. The original boundary
recommendations are presented in SNL-000198. The graph represents a truncated normal
distribution with a mean and standard deviation as shown below. The default void fraction of
8.84 and its statistical distribution for SC/SS-NL and MIX-NL waste is given in Table D-8.
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Table D-7. Summary of Mean Void Fraction Data
for SC/SS-NL and MIX-NL Tanks With Measured Values. (2 sheets)

BPE
Tank ID :PE, T::;?jd ang VFHRE 3 yégov[:)?z l&llcl::i:y ];z:::;eers— Waste type
ata retained data data fraction® BPE datﬂ 2/8/2006
gas volume 10/01/03
(act)

241-B-112 0.025 23 -- - - -- MIX-NL
241-BX-105 0.016 23 - = = = - MIX-NL
241-BX-110 0.04 1,084 -- -- -- -- -- MIX-NL
241-8-101 0.043 2,410 -- -- - - -- MIX-NL
241-T-101 0.007 12 -- - -- -- - MIX-NL
241-TX-104 0.012 23 - -- -- -- -- MIX-NL
241-A-101 0.086 5,124 - - 0.18 -- -- SC/SS-NL
241-A-103 0.004 179 -- - - - - SC/SS-NL
241-AX-101 -- 41 -- -- 0.17 -- -- SC/SS-NL
241-B-102 0.027 11 - -- - - - SC/SS-NL
241-BX-111 0.005 25 -- -- -- - - SC/SS-NL
241-BY-109 - 86 -- -- 0.094 - - SC/SS-NL
241-5-102 -- 7,599 - -- 0.26 - - SC/SS-NL
241-58-103 0.147 4,526 -- -- - -- - SC/SS-NL
241-8-106 0.082 4,676 - -- 0.1 - - SC/SS-NL
241-5-111 0.119 6,820 -- -- 0.15 -- -- SC/SS-NL
241-SX-106 0.14 6,034 -- -- 0.14 -- - SC/SS-NL
241-TX-107 0.021 34 -- -- -- -- - SC/SS-NL
241-U-103 0.08 4,839 -- -- 0.19 - - SC/SS-NL
241-U-105 0.073 3,708 - -- -- - - SC/SS-NL
241-U-106 0.015 434 -- -~ - -~ - SC/SS-NL
241-U-107 0.076 3,795 -- -- -- -- - SC/SS-NL
241-U-109 0.041 2,419 -- - 0.22 - - SC/SS-NL
Notes:

"Based on BPE data from RPP-15488, 2004, Investigation of Tank Void Fraction Using Liquid Level to

Atmospheric Pressure Changes, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington,
PPNNL-11536, 1997, Gas Retention and Release Behavior in Hanford Single-Shell Waste Tanks, Pacific
Northwest National Laboratory, Rev 1, Richland, Washington.

“PNNL-13317, 2000, Ammonia Results Review for Retained Gas Sampling, Pacific Northwest National

Labeoratory, Richland, Washington.
SRPP-10006, 2004, Methodology and Caleulations for the Assignment of Waste for the Large Underground
Storage Tanks at Hanford Site, Rev. 3, CH2M HILL Hanford Group, Inc., Richland, Washington.
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Table D-7. Summary of Mean Void Fraction Data

for SC/SS-NL and MIX-NL Tanks With Measured Values. (2 sheets)

BPE
method Huckaby/
fankip | BPE | calcd YEL | VFI+RGS | pat™€} | whitney
data’ retained datzl data® fraction® BPE data
gas volume 10/01/03¢
(ach)

Barker-
Barnes
2/8/2006

Waste type

Notes (cont.):

BPE = barometric pressure effect.

MIX-NL = mixed waste from with < 1 m liquid over solids.
NA = not applicable.
RGS = retained gas sampler.

SC/SS8-NL = saltcake/salt shury waste form with < 1 m liquid over solids.
VFI = void fraction instrument.

Table D-8, Default Void Fraction for
SC/SS-NL and MIX-NL Waste with
Truncated Normal Distribution.

Mean 8.84
Standard deviation 7.13
Truncate low 0.01
Truncate high 40

Figure D-3. Void Fraction Regression Results for SC/SS-NL and MIX-NL Wastes.
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D7.3.2 SL-NL Default Void Fraction

The data for SL-NL wastes (Table D-9) have been regressed using Crystal Ball to fit a normal
distribution which is then truncated to bound the values to those expected for the given waste
type void fraction, as shown in Figure D-4. The original boundary recommendations are
presented in SNL-000198. Figure D-4 represents a truncated normal distribution with a mean
and standard deviation as shown below. The default void fraction of 2.44 and the statistical
distribution for SL-NL waste is given in Table D-10.

Table D-9. Summary of Average Void Fraction Data
for SL-NL Tanks With Measured Values.

BPE method Huckaby/
Tk | BPE | emled | gy | VIBRGS | pigu | Wty | Bl | e ype

volume (a¢f) data fraction 10/01/03° 2/8/2006
241-AY-101 0.042 604 - - -- -- -- SL-NL
241-BX-101 0.02 114 - - - - - SL-NL
241-BX-103 0.012 35 - - -- - -- SL-NL
24]1-BX-104 0.075 967 -- -- -- - - SL-NL
241-BX-107 0.025 1,155 - - -- -- -- SL-NL
241-BX-112 0.005 109 -- -- = -- -- SL-NL
241-C-103 0.006 13 - - - - - SL-NL
241-8-107 0.024 1,163 - - - - - SL-NL
241-TX-101 0.009 23 -- - -- - -- SL-NL
241-TY-104 0.017 23 -- - -- - -- SL-NL
Notes:

“Based on BPE data from RPP-15488, 2004, Investigation of Tank Void Fraction Using Liquid Level 10
Atmospheric Pressure Changes, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

PPNNL-11536, 1997, Gas Retention and Release Behavior in Hanford Single-Shell Waste Tanks, Pacific
Northwest National Laboratory, Rev. 1, Richland, Washington.

‘PNNL-13317, 2000, Ammonia Results Review for Retained Gas Sampling, Pacific Northwest National
Laboratory, Richland, Washington.

RPP-10006, 2004, Methodology and Calculations for the Assignment of Waste for the Large Underground
Storage Tanks at Hanford Site, Rev. 3, CH2M HILL Hanford Group, Inc., Richland, Washington.

BPE = barometric pressure effect.

RGS  =retained gas sampler.

SL-NL = sludge waste form with < 1 m liquid over solids.
VFI = void fraction instrament.

D-23




Page 182 of 198 of DA03081917

RPP-10006 REV 5

Table D-10. The Default Void Fraction
for SL-NL Waste with Truncated

LogNormal Distribution.
Mean 244
Standard deviation 249
Truncate low 0.01
Truncate high 26.5

Figure D-4. Void Fraction Regression Results for SL-NL Wastes.
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D7.3.3 SC/SS-LIQ, SL-LIQ, and MIX-LIQ Default Void Fraction

The data for SC/SS-LIQ wastes (Table D-11) have been regressed to fit a truncated normal
distribution as shown in Figure D-5. Figure D-5 represents a truncated normal distribution with
a mean and standard deviation as shown below. In addition, wastes with significant supernatant
(greater than 1 m depth) have an upper bound at the neutral buoyancy void fraction for the waste.
The modification of the upper limit of the void fraction to account for the neutral buoyancy void
fraction within a given tank is done within the model at execution time and is not reflected here.
The default void fraction of 6.37 and its statistical distribution for SC/SS-LIQ waste is given in
Table D-12.

Although no SL-LIQ or MIX-LIQ waste type tanks are used in the regression of this default
distribution, the SC/SS-LIQ default distribution will be applied to SL-LIQ and MIX-LIQ tanks.
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Table D-11. Summary of Average Void Fraction Data
for SC/SS-LIQ Tanks With Measured Values.

BPE
method Huckaby
cale’d VFI Mahoney | /Whitney | Barker-
Tank ID t]laal:la‘:; retained only VF:;I:E S RGS void BPE Barnes Was:e
gas data fraction® data 2/8/2006 P
volume 10/01/03°
(ach)
241-AN-103 0.215° 11,802 0.122 0.107 0.092 - -- SC/SS-LIQ
241-AN-104 0.084 5,070 0.059 0.062 0.08 - -- SC/SS-LIQ
241-AN-105 0.064 4,200 0.038 0.042 0.051 -- -~ SC/SS-LIQ
241-AN-107 - -~ - -- - - 0.011 SC/SS-LIQ
241-AW-101 0.152° 6,229 0.047 0.038 0.037 - -- SC/SS-LIQ
241-AW-104 | 0.058 1,776 - -- - - -- SC/SS-LIQ
241-AW-106 |} 0.032 985 - - - -- -- SC/SS-LIQ
241-SY-101 - -- - - - 0.091 0.085 SCISS-LIQ
241-SY-103 0.078 3,755 0.06 -- -- - -- SC/SS-LIQ
Notes:

*Based on BPE data from RPP-15488, 2004, Investigation of Tank Void Fraction Using Liquid Level to
Atmospheric Pressure Changes, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

PPNNL-11536, 1997, Gas Retention and Release Behavior in Hanford Single-Shell Waste Tanks, Pacific
Northwest National Laboratory, Rev. 1, Richland, Washington.

‘PNNL-13317, 2000, Ammonia Results Review for Retained Gas Sampling, Pacific Northwest National
Laboratory, Richland, Washington.

*RPP-10006, 2004, Methodology and Calculations for the Assignment of Waste for the Large Underground
Storage Tanks at Hanford Site, Rev. 3, CH2M HILL Hanford Group, Inc., Richland, Washington.

‘Data not used since it appears to be inconsistent with higher quality data,

BPE = barometric pressure effect.

RGS = retained gas sampler.

SC/SS-LIQ = saltcake/salt slurry waste form with > 1 m liquid over solids.
VFI = void fraction instrument.

Table D-12. Default Void Fraction for
SC/SS-LIQ, SL-LIQ, and MIX-LIQ
Waste with Truncated Normal

Distribution.
Mean 6.37
Standard deviation 273
Truncate low 0.01
Truncate high 15.11
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Figure D-5. Void Fraction Regression Results for
SC/SS-LIQ, SL-LIQ, and MIX-LIQ Wastes.
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D7.3.4 Liquid Waste Void Fractions

Liquid wastes do not retain gas. Any gas found in the liquid wastes is considered transient and is
not considered as trapped or retained gas. Therefore, the void fraction for liquid waste is set to
0.0. In order to comply with Crystal Ball run-time requirements, the mean of the liquid
distribution will be set to 0.15 vol % gas, otherwise simulations with liquid wastes will fail.

D7.4 VOID FRACTION ASSIGNMENT FOR 177 DOUBLE-SHELL
TANKS AND SINGLE-SHELL TANKS

Table D-13 presents the void fraction distributions and their source for all 177 tanks. The data

source for tanks with void fraction measurements is listed as VFI, RGS/VFL or BPE. All other
tanks use default distributions based on waste type.
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Table D-13. Void Percent Distributions for All 177 Tanks. (6 sheets)

Void Percent or Maximum Wetted Solids Void Percent
Tank Mean | Uncertainty | Minimum | Maximum lb);st:;: sl::::e Waste type
(%) (%) (%) (%) (%)

241-A-101 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-A-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-A-103 0.40 0.20 0.01 40.00 Normat BPE SC/SS-NL
241-A-104 2.44 2.49 0.01 26.50 Lognorm | Default SL-NL
241-A-105 244 249 0.01 26.50 Lognorm Default SL-NL
241-A-106 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-AN-101 6.37 2.73 0.01 15.11 Normal Default SC/SS-LIQ
241-AN-102 6.37 2.73 0.01 15.11 Normal Default SC/SS-LIQ
241-AN-103 10.70 5.35 0.01 15.11 Normal | RGS/VFI | SC/SS-LIQ
241-AN-104 6.20 3.10 0.01 15.11 Normal | RGS/VFL | SC/SS-LIQ
241-AN-105 4.20 2.10 0.01 15.11 Normal | RGS/VFI | SC/SS-LIQ
241-AN-106 6.37 2.73 0.01 15.11 Normal Default MIX-LIQ
241-AN-107 1.10 0.55 0.01 15.11 Normal BPE SC/SS-LIQ
241-AP-101 0.02 0.00 0.01 0.02 Normal Default LIQ
241-AP-102 6.37 2.73 0.01 15.11 Normal Default SL-LIQ
241-AP-103 6.37 273 0.01 15.11 Normal Default SC/SS8-LIQ
241-AP-104 6.37 2.73 0.01 15.11 Normal Default SC/SS-LIQ
241-AP-105 6.37 2.73 0.01 15.11 Normal Default SC/SS-LIQ
241-AP-106 0.02 0.00 0.01 0.02 Normal Default LIQ
241-AP-107 6.37 2.73 0.01 15.11 Normal Default SC/SS-LIQ
241-AP-108 6.37 2.73 0.01 15.11 Normal Default SC/SS-LIQ
241-AW-101 4.70 2.35 0.01 15.11 Normal | RGS/VFI | SC/SS-LIQ
241-AW-102 6.37 273 0.01 15.11 Normal Default SL-LIQ
241-AW-103 0.90 0.45 0.01 15.11 Normal BPE SL-LIQ
241-AW-104 5.80 2.90 0.00 15.11 Normal BPE SC/SS-LIQ
241-AW-105 6.37 2.73 0.01 15.11 Normal Default SL-LIQ
241-AW-106 3.20 1.60 0.01 15.11 Normal BPE SC/SS-LIQ
241-AX-101 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-AX-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-AX-103 3.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-AX-104 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-AY-101 4.20 2.10 0.00 26.50 Normal BPE SL-NL
241-AY-102 6.37 273 0.01 15.11 Normal Default SL-LIQ
241-AZ-101 6.37 273 0.01 15.11 Normal Default SL-LIQ
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Table D-13. Void Percent Distributions for All 177 Tanks. (6 sheets)

Void Percent or Maximum Wetted Solids Void Percent
Tank Mean | Uncertainty | Minimum | Maximum gﬁ:ﬁ: s?:::e Waste type
(%) (%) (%) (%) (%)

241-AZ-102 6.37 2.73 0.01 15.11 Normal Default SL-LIQ
241-B-101 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-B-102 2.70 1.35 0.01 40.00 Normal BPE SC/SS-NL
241-B-103 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-B-104 244 249 0.01 26.50 Lognorm Default SL-NL
241-B-105 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-B-106 244 2.4% 0.01 26.50 Lognorm | Default SL-NL
241-B-107 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-B-108 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-B-109 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-B-110 2.44 2.49 0.01 26.50 Lognorm | Default SL-NL
241-B-111 244 249 0.01 26.50 Lognorm Defauit SL-NL
241-B-112 2.50 1.25 0.01 40.00 Normal BPE MIX-NL
241-B-201 244 249 0.01 26.50 Lognorm Default SL-NL
241-B-202 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-B-203 2.44 249 0.01 26.50 Lognorm Default SE-NL
241-B-204 2.44 249 0.01 26.50 Lognorm Default SL-NL
241-BX-101 2.00 1.00 0.00 26.50 Normal BPE SL-NL
241-BX-102 2.44 249 0.01 26.50 Lognorm | Defauit SL-NL
241-BX-103 1.20 0.60 0.00 26.50 Normal BPE SL-NL
241-BX-104 7.50 375 0.00 26.50 Normal BPE SL-NL
241-BX-105 1.60 0.80 0.01 40.00 Normal BPE MIX-NL
241-BX-106 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BX-107 2.50 1.25 0.00 26.50 Normmal BPE SL-NL
241-BX-108 2.44 249 0.01 26.50 Lognorm | Default SL-NL
241-BX-109 2.44 249 0.01 26.50 Lognorm Default SL-NL
241-BX-110 4.00 2.00 0.01 40.00 Normal BPE MIX-NL
241-BX-111 0.50 0.25 0.01 40.00 Normal BPE SC/SS-NL
241-BX-112 0.50 0.25 0.00 26.50 Normal BPE SL-NL
241-BY-101 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-103 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-104 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-105 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-106 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
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Table D-13. Void Percent Distributions for All 177 Tanks. (6 sheets)

Void Percent or Maximum Wetted Solids Void Percent
Tank Mean Uncertainty | Minimem | Maximum :))l:st::;: s:)):::e Waste type
(%) (%) (%) (%) o

241-BY-107 8.84 7.13 0.01 40.00 Normmal Default SC/SS-NL
241-BY-108 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-109 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-110 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-BY-111 8.84 7.13 0.0t 40.00 Normal Default SC/SS-NL
241-BY-112 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-C-101 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-102 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-103 0.60 0.30 0.00 26.50 Normal BPE SL-NL
241-C-104 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-105 2.44 249 0.01 26.50 Lognorm | Default SL-NL
241-C-106 2.44 2.49 0.01 26.50 Lognorm | Default SL-NL
241-C-107 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-108 244 249 0.0t 26.50 Lognorm | Default SL-NL
241-C-109 2.44 2.49 0.01 26.50 Lognorm | Default SL-NL
241-C-110 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-111 2.44 249 0.01 26.50 Lognorm Default SL-NL
241-C-112 2.44 249 0.01 26.50 Lognorm | Default SL-NL
241-C-201 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-202 2.44 2.49 0.01 26.50 Lognorm | Default SL-NL
241-C-203 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-C-204 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-8-101 430 2.15 0.01 40.00 Normal BPE MIX-NL
241-8-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-8-103 14.70 7.35 0.01 40.00 Normal BPE SC/SS-NL
241-S-104 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-8-105 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-S-106 8.20 4.10 0.01 40.00 Normal BPE SC/SS-NL
241-8-107 2.40 1.20 0.01 26.50 Normal BPE SL-NL
241-S-108 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-S-109 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-S-110 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-S8-111 11.90 5.95 0.01 40.00 Normal BPE SC/SS-NL
241-S-112 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-SX-101 8.84 7.13 0.01 40.00 Normal Default MIX-NL
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Table D-13. Void Percent Distributions for All 177 Tanks. (6 sheets)

Void Percent or Maximum Wetted Solids Void Percent
Tank Mean | Uncertainty | Minimum | Maximum :‘)‘113‘:;: s:)):::e Waste type
(%) (%) (%a) (%) (%)

241-SX-102 .84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-SX-103 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-SX-104 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-8X-105 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-SX-106 14.00 7.00 0.0t 40.00 Normal BPE SC/SS-NL
241-8X-107 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-SX-108 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-8X-109 8.84 7.13 0.01 40.00 Normal Defanlt SC/SS-NL
241-SX-110 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-SX-111 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-8X-112 2.44 249 0.01 26.50 Lognorm Default SL-NL
241-SX-113 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-SX-114 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-8X-115 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-8Y-101 8.50 425 0.00 15.11 Normal BPE SC/8S-L1Q
241-SY-102 0.90 0.45 0.01 15.11 Normal BPE SL-LIQ
241-SY-103 6.00 3.00 0.00 15.11 Normal VFI SC/SS-LIQ
241-T-101 0.70 035 0.01 40.00 Normal BPE MIX-NL
241-T-102 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-103 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-104 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-105 2.44 2.49 0.01 26.50 Lognorm Defanit SL-NL
241-T-106 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-107 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-108 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-T-109 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-T-110 244 249 0.01 26.50 Lognorm | Default SL-NL
241-T-111 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-112 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-201 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-202 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-T-203 2.44 2.49 0.01 26.50 Lognorm Defanit SL-NL
241-T-204 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-TX-101 0.90 0.45 0.01 26.50 Normal BPE SL-NL
241-TX-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
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Table D-13. Void Percent Distributions for All 177 Tanks. (6 sheets)

Void Perecent or Maximum Wetted Solids Void Percent
Tank Mean Uncertainty { Minimum | Maximum E:lst:;: sf)):::e Waste type
(%) (%) (%) (%) %

241-TX-103 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-104 1.20 0.60 0.01 40.00 Normal BPE MIX-NL
241-TX-105 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-106 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-107 2.10 1.05 0.01 40.00 Normal BPE SC/SS-NL
241-TX-108 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-109 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-TX-110 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-111 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-112 3.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-113 8.84 7.13 0.01 40.60 Normal Default SC/SS-NL
241-TX-114 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-115 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-116 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TX-117 8.84 713 0.01 40.00 Normal Default SC/SS-NL
241-TX-118 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TY-101 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-TY-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-TY-103 8.84 7.13 0.01 40.00 Normal Default MIX-NL
241-TY-104 1.70 0.85 0.01 26.50 Normal BPE SL-NL
241-TY-105 244 249 0.01 26.50 Lognorm Default SL-NL
241-TY-106 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-U-101 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-U-102 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-U-103 8.00 4.00 0.01 40.00 Normal BPE SC/SS-NL
241-U-104 2.44 2.49 0.0t 26.50 Lognorm Default SL-NL
241-U-105 7.30 3.65 0.01 40.00 Normal BPE SC/SS-NL
241-U-106 1.50 0.75 0.01 40.00 Normal BPE SC/SS-NL
241-U-107 7.60 3.30 0.01 40.00 Normal BPE SC/SS-NL
241-U-108 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-U-109 4.10 2.05 0.01 40.00 Normal BPE SC/SS-NL
241-U-110 2.44 2.49 0.01 26.50 Loghorm Default SL-NL
241-U-111 8.84 7.13 0.01 40.00 Normal Default SC/SS-NL
241-U-112 2.44 2.49 0.01 26.50 Lognorm Default SL-NL
241-U-201 244 2.49 0.01 26.50 Lognorm Default SL-NL
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Table D-13. Void Percent Distributions for All 177 Tanks. (6 sheets)

Void Percent or Maximum Wetted Solids Void Percent
istri- Data
Tank Mean | Uncertainty | Minimum | Maximum E;stfgl“ e Waste type
(%) (%) (%) (%) 0
(%)
241-U-202 244 2.49 0.01 26.50 Lognorm Default SL-NL
241-U-203 2.44 2.49 0.01 26.50 Lognorm | Default SL-NL
241-U-204 2.44 2.49 0.01 26.50 Lognorm Defauit SL-NL
Notes:
BPE = barometric pressure effect.
LIQ = liquid
MIX-LIQ = mixed waste form with = 1 m liquid over solids.
MIX-NL = mixed waste form with < 1 m liquid over solids.
RGS =retained gas sampler.

SC/SS-LIQ = saltcake/salt sturry waste form with 2 1m liquid over solids.
SC/SS-NL = saltcake/salt slurry waste form with < 1m liquid over solids.

SL-LIQ = shudge waste form with = 1 m liquid over solids.
SL-NL = sludge waste form with < 1 m liquid over solids.
VFI = youd fraction instrument.

D8.0 CONCLUSIONS

The field measured data from VFI, RGS, and BPE have been thoroughly examined to determine,
calculate, and develop the void fractions for the 177 DSTs and SSTs. The void fraction is being
validated, adopted, and calculated using 39 of the 8 dL/dP data points from RPP-15884. In
addition, dL/dP data have been developed for DSTs 241-AN-107 and 241-SY-101, and the void
fractions were calculated. The dL/dP data from Huckaby (RPP-10006, Methodology and
Calculations for the Assignment of Waste for the Large Underground Storage Tanks at Hanford
Site, Rev. 3) and the void fraction data reported using VFI and RGS have been used to develop
three default void fractions for SC/SS-NL and MIX-NL waste types, for SL-NL waste type, and
for SC/SS-LIQ, SL-LIQ and MIX-LIQ waste types.
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APPENDIX E

HYDROGEN GENERATION RATES CALCULATIONS FOR BUOYANT
DISPLACEMENT GAS RELEASE EVENT CRITERIA DETERMINATIONS

E1.0 OBJECTIVE

The purpose of this appendix is to calculate and update the hydrogen generation rates (HGR) for
28 double-shell tanks (DST) from RPP-5926, Steady-State Flammable Gas Release Rate
Calculation and Lower Flammability Level Evaluation for Hanford Tank Waste, Rev. 5,
Appendix B, for the buoyant displacement gas release event (BDGRE) criteria model
determinations based on the newly established solid levels in RPP-10006, Methodology and
Calculations for the Assignment of Waste Groups for the Large Underground Waste Storage
Tanks at the Hanford Site, Rev. 5, Appendix C.

In addition, an evaluation is documented in Section E6.0 to determine the distribution ranges for
the HGR based on a comparison between calculated and observed HGRs as presented in
HNF-3851, Empirical Rate Equation Model and Rate Calculations of Hydrogen Generation for
Hanford Tank Waste.

E2.0 BACKGROUND

In the BDGRE waste group selection criteria for Hanford tank waste (RPP-10006, Section 2.0),
all three criteria calculations require the depth of the nonconvective (solid) waste layer (NCL).
The buoyancy ratio is proportional to the solid waste depth to second power. In the original
input data preparation for BDGRE calculations, the waste depths of 177 tanks were estimated by
converting the Best-Basis Inventory (BBI) waste volumes to waste levels (RPP-5926). Also, the
HGRs were calculated for both solid (NCL) and liquid (convective layer [CL]). These input data
used in the DST HGR update are presented in Section E3.0.

During the data evaluation for the uncertainty of the solid waste level (RPP-10006, Appendix C)
the solid waste depths for the DSTs were updated based on field measurements using various
techniques (e.g., sludge weight measurement, void fraction instruments, ball reohmeter). The
solid Ievel update resulted in changes to associated tank waste HGR since HGR is a function of
tank waste volume and waste depth. This appendix uses the updated NCL depth and other input
data to calculate the waste volumes and HGRs for both liquids (CL) and solids (NCL) for all 28
DSTs. Results are given in Section E7.0.
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E3.0 INPUT DATA

The required input data for the spreadsheet are divided into two groups. The first type of input
data is for the tanks that had a solid layer originally and is given in Table E-1. For these tanks,
the required input data are as follows:

o Current unit HGRs of radiolysis, thermolysis, and corrosion from the NCL (solid layer)
in moles per cubic meter per second (mole/m’-s)

o Total unit HGRs from the CL (supernatant layer)

¢ Volume of the solid layer and volume of total non-RGS (degassed solids) in
kiloliters (kL)

¢ Depth of the solid layer in inches (in.)
o Temperature of the dome space in degrees Celsius (°C)

¢ Updated solid level in inches (in.).

Table E-1. Input Data from RPP-5926, Appendix B. (2 sheets)

NCL NCL NCL Total
N L N
HGR | HGR | HGR | geo | poo | 0 | non | oo | pome
radio- radio- | thermo- " RGS temp.
Tank lysis Iysis lysis corrosion total level waste volume Td
RCrad b RCrad * RCtherm Rcmrr RC““ i volume (kL) (I)C)

(M/m’=s) | (M/m'-s) | (M/mr'-s) (M/m’-s) | (M/m’-s) | (inch) L)

241-AN-101 | 3.46E-09 | 2.20E-11 | 3.36E-09 | 9.12E-09 | 8.74E-09 11.3 3,624 NA 25

241-AN-102 | 2.20E-08 | 3.96E-10 | 2.64E-08 | 2.19E-09 | 4.54E-08 | 56.0 4,052 NA 31

241-AN-103 | 3.06E-09 | 3.19E-12 | 8.37E-09 | 1.17E-09 | 1.71E-08 | 166.6 3,419 208 32

241-AN-104 } 6.26B-09 | 1.20E-11 | 1.24E-08 | 1.12E-09 | 1.41E-08 ) 161.6 3,864 119 32

241-AN-105 | 4.37E-09 | 5.41E-12 | 6.96E-09 | 9.94E-10 | 9.34E-09 | 195.1 4,152 109 30

241-AN-106 | 1.50E-07 | 2.21E-09 | S42E-10 |} 5.94E-09 | 4.37E-09 17.8 3,527 - 22
241-AN-107 | 2.85E-08 | 6.19E-10 | 1.69E-08 | 1.61E-09 | 3.56E-08 | 83.6 4,169 NA 31
241-AP-101 NA NA NA NA 3.878-09 NA 4,219 NA 22
241-AP-102 | 1.11E-09 | 4.65E-13 | 1.77E-09 | 1.21E-08 | 5.08E-09 84 4,141 NA 19
241-AP-103 NA NA NA NA 7.54E-09 NA 3,385 NA 21
241-AP-104 NA NA NA NA 6.90E-09 NA 4,164 NA 22
241-AP-105 | 5.13E-09 | 6.36E-12 | 4.06E-10 | 3.48E-09 | 3.47E-09 323 4,311 NA 18
241-AP-106 NA NA NA NA 7.32E-09 NA 4,301 NA 19
241-AP-107 NA NA NA NA 5.32E-09 NA 794 NA 19
241-AP-108 NA NA NA NA 1.00E-08 NA 4,326 NA 26
241-AW-101 | 4.98E-09 | 6.54E-11 | 4.30E-09 | 1.20E-09 [ 9.17E-09 | 143.7 4,173 95 21

E-2
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Table E-1. Input Data from RPP-5926, Appendix B. (2 sheets)

NCL NCL NCL NCL CL NCL Total
LSBT ) e HGR HGR | waste | %% | Rgs | Dome
radio- radio- | thermo- . RGS temp.
Tank Lysis lysis Iysis corrosion total level waste volume Td
RCrnd o Rcrad " RCrherm RC“'" Rcmt 045 volume (kL) (GC)

(M/m’-s) | (M/m’-s) | (M/m-s) (M/m’-s) | (M/m’-s) | (inch) (kL)

241-AW-102 | 1.30E-08 | 9.59E-10 | 1.03E-09 | 4.14E-08 | 4.18E-09 24 2,099 NA 22

241-AW-103 | 542E-10 | 1.65E-10 | 1.73E-09 | 1.30E-0%9 | 2.81E-09 | 113.6 4,163 NA 21

241-AW-104 | 2.44E-09 | 4.24E-10 | 3.85E-09 | 1.65E-09 | 891E-09 | 809 4,064 NA 25

241-AW-105 | 2.59E-09 { 8.73E-10 | 3.86E-11 | 1.46E-09 | 1.88E-09 | 95.8 1,592 NA 20

241-AW-106 | 491E-09 | 197E-11 | 1.91E-09 | 1.39E-09 | 4,55E-09 { 102.8 3405 NA 23

241-AY-101 | 2.12E-07 | 3.19E-08 | 2.33E-09 | 8.13E-09 | 5.87E-09 } 34.9 689 NA 34

241-AY-102 | 7.94E-07 } 2.51E-08 { 9.70E-09 | 5.58E-09 | 5.20E-09 | 54.8 3,438 NA 40

241-AZ-101 | 6.68E-07 | 6.25E-08 | 3.40E-08 | 5.64E-09 | 8.02E-08 18.9 3,409 NA 72

241-A7-102 | 6.85E-07 | 9.72E-08 | 7.65E-09 | 3.02E-09 | 6.63E-0B | 380 3,712 NA 49

241-SY-101 | 4.19E-09 | 2.58E-10 | 8.78E-10 | 1.56E-09 | 3.58E-09 | 9%.9 1,421 93 20

241-8Y-102 | 4.96E-09 | 1.80E-08 | 1.89E-09 | 2.30E-09 | 246E-09 | 528 3,902 NA 26

241-SY-103 | 6.61E-09 { 3.78E-10 | 1.02E-08 | 1.32E-09 | 149E-08 | 124.1 2,706 91 25

Notes:

RPP-5926, 2005, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste, Rev. 5, CH2M HILL Hanford Group, Inc, Richland, Washington.

CL = convective layer.

HGR = hygrogen generation rate.

NA = not applicable.

NCL = nonconvective layer.

RGS volume = retained gas volume based on the retained gas sampler.

Non-RGS waste volume = non-convective waste volume without the retained gas volume.

These input data were taken from RPP-5926, Appendix B, except for the updated solid level,
which was taken from Appendix C of RPP-10006.

The second type of input data is for the tanks that had no solid layer originally and is given in
Tables E-2 and E-3. For these tanks, the HGR for both CLs and NCLs were calculated using the
spreadsheet “RPP-5926-8050-R4-LFL-CAL-T2-102004.x1s” (SVF-032, Spreadsheet
Verification and Release Form for RPP-5926-8050-R4-LFL-CAL-T2-102004.xls, Rev. 4). The
methodology is documented in RPP-5926.

The required input data are as follows:

e Chemical concentrations of total organic carbon (TOC), NOs, NO,, Na, Al, and OH in
the supernatant and interstitial liquid of the solid layer in micrograms per milliliter

(ng/mL)

E-3
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« Bulk radionuclide concenrations of *°Sr, 2*' Am, 2°Pu, 2**Pu, 2**Pu, and '*’Cs in the

liquid and solid layers in microcuries per gram (uCi/g)

« Bulk densities of the liquid and solid layers and the interstitial liquid in grams per
milliliter (g/mL)

» Weight percent (wt%) water of the solid and liquid layers

¢ Volume of the liquid and solid layers in kiloliters (kL)

» Temperature of the liquid and solid layers and the tank dome space in degrees

Celsius (°C).

Most of these input data are taken from RPP-5926, Appendix B, with the exception of the
temperatures for DSTs 241-AP-103 and 241-AP-108, which are taken from personal computer-
surveillance analysis computer system (PCSACS 2006).

Table E-2. Input Data of Chemical and Radionuclide for Hydrogen Generation Rate
Calculations on Buoyant Displacement Gas Release Event Criteria Determination.

TOC NO, NO, Na Al *Sr BiCs
Tank in liquid | in liquid in liquid in liquid in liquid in waste in waste
[TOC) [NQ2] [NO3] [Na) [Al} [Sr] [Cs}
(ng/mL) | (pg/ml) | (ug/ml) | (pg/ml) | {(pg/mi) (nCi'g) {(nCi/g)
241-AP-103CL | 7.27E+03 | 8.04E+04 | 149E+05 | 1.78E+05 | 1.83E+04 | 1.78E+00 | 1.70E+02
241-AP-103 NCL | 7.27E+03 | 8.04E+04 | 149E+05 | 1.78E+05 | 1.83E+04 | 1.78E+00 | 1.70E+Q2
241-AP-104 CL | 4.15E+03 | 6.39E+04 | 1.01E+05 | 1.28E+05 | 1.68E+04 | 1.30E+00 | 1.45E+02
241-AP-104 NCL | 4.15E+03 | 6.39E+04 | 1.01E+05 | 1.28E+05 (| 1.68E+04 | 1.30E+00 | 1.45E+02
241-AP-107CL | 2.33E+03 | 5.14E+04 | 1.12E+05 | 1.22E+05 | 1.39E+04 | 7.85E-01 1.04E+02
241-AP-107 NCL | 2.33E+03 | 5.14E+04 | 1.12E+05 | 1.22E+05 | 1.39E+04 | 7.85E-01 1.04E+02
241-AP-108 CL | 4.18E+03 | 8.02E+04 | 1.76E+05 | 1.99E+05 | 2.38E+04 | 5.01E-Oi 1.40E+02
241-AP-108 NCL | 4.18E+03 | 8.02E+04 | 1.76E+05 | 1.99E+05 | 2.38E+04 | 5.01E-01 1.40E+02
Notes:
CL =convective layer.

NCL =nonconvective layer.
TOC = total organic carbon.
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Table E-3. Input Data of Physical Properties for Hydrogen Generation Rate Calculation on
Buoyant Displacement Gas Release Event Criteria Determination.

Bul!c Liquid Non-RGS Bulk Liquid Waste Dome

Tank density Density DL waste water water temp. temp.
D volume (H20] [H20] Tw Td

@oy) | @™ | aa) | wmw) | %) | €O )
241-AP-103 CL 1.35 1.35 3,230 57% 57% 21 21
241-AP-103 NCL 1.61 1.35 155 43% 57% 21 21
241-AP-104 CL 1.28 1.28 4,019 66% 66% 23 22
241-AP-104 NCI, 1.61 1.28 145 43% 66% 25 22
241-AP-107 CL 1.28 1.28 665 66% 66% 20 19
241-AP-107 NCL 1.61 1.28 129 43% 66% 20 19
241-AP-108 CL 1.43 143 3,766 53% 53% 26 26
241-AP-108 NCL 1.61 1.43 560 43% 53% 26 26

Notes:
CL = convective Jayer.

NCL = nonconvective layer.
RGS =retained gas solids.

The interstitial liquid chemical concentrations and bulk radionuclide concentrations are assumed
to be the same as the liquid layer (CL). The solid bulk density and weight percent water are
assumed to be the same as the solids in DST 241-AW-106, as given in Table E-4.

Table E-4. Update of Table A-1 in RPP-5926, Best Basis Inventory by Waste Type, Waste
Volume, Density, and Wt% Water. (2 sheets)

Tank name Waste phase Waste type Ov;ll?llll:lzl Iil:):l:l:: ey W
(kL) (kL) (g/mL) water
241-AN-106 Supernatant NA 3,341 3,166 1.11 32
241-AN-106 Saltcake NA 65 126 1.58 37.8
241-AN-106 Sludge NA 109 212 1.52 37
241-AN-106 Sludge HS (Solid) 12 23 1.62 26.5
241-AP-103 Supernatant Waste Transfer 3,385 3,230 1.35 57
241-AP-103 Saltcake A2-SltSIr (Solid) NA 155 1.61 43
241-AP-104 Supernatant Waste Transfer 4,164 4,019 1.28 66
241-AP-104 Saltcake A2-SltSlr (Solid) NA 145 1.61 43
241-AP-107 Supernatant Waste Transfer 794 665 1.28 66
241-AP-107 Saltcake A2-SItSIr (Solid) NA 129 1.61 43
241-AP-108 Supernatant Waste Transfer 4,326 3,766 1.43 53
241-AP-108 Saltcake A2-SItSIr (Solid) NA 560 1.61 43
241-AW-103 Supernatant NA 2,979 2,853 1.24 65.9
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Table E-4. Update of Table A-1 in RPP-5926, Best Basis Inventory by Waste Type, Waste
Volume, Density, and Wt% Water. (2 sheets)

Tank name Waste phase Waste type (\)r::ﬁll:l:] li];:’::: Deusity Wt
(KL) (KL) (g/mL) water

241-AW-103 Sludge CWZr2 (Solid) 1,033 1,143 1.47 55.8
241-AW-103 Saltcake (S) A1-SitCk (Solid) 115 127 1.69 45.2
241-AW-103 Saltcake (L) A1-ShCk (Liquid) 36 40 1.45 49.1
241-AW-106 Supernatant Waste Transfer 3,405 2,333 1.3 72
241-AW-106 Saltcake A2-ShSIr (Solid) NA 1,072 1.61 43
Notes:

RPP-5926, 2005, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste, Rev. 5, CH2M HILL Hanford Group, Inc, Richland, Washington.
NA  =not applicable.

E4.0 ASSUMPTIONS

It is assumed that the total waste level in each tank has not changed. Therefore, the updated solid
level results in updated supernatant (CL layer) and crust layer volumes.

It also is assumed that the waste chemical and radionuclide concentrations, densities, weight
percents water, and temperatures have not changed. The solids level change will cause the HGR
from corrosion to change. Other HGRs are not changed.

For tanks that previously contained no solids, the bulk density and weight percent water of the
solids are assumed to be the same as the solids in DST 241-AW-106.

ES.0 METHODOLOGY

Total and unit HGRs for the three generation mechanisms (thermolysis, beta/gamma and total
alpha radiolysis, and corrosion) have been calculated for the supernatant and solid layers in each
of the 177 waste tanks based on BBI data of September 21, 2005, and documented in RPP-5926.
The unit HGRs from thermolysis and radiolysis are volume based and remain unchanged for the
updated solid level. The HGR from corrosion is proportional to the wetted tank surface area and
needs to be corrected for the updated solid level.
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The updated unit HGRs from corrosion (HGR,.w ) can be calculated by scaling the original
unit HGR from corrosion (HGR, ") using the ratios of the original and updated waste levels
and contacted tank surface areas as follows (Equation E-1):

HGRcorr - HGRCOIT hold X ('R + 2 X hnew) E 1
new old h"eWX(R+ thdd) ( - )

Where hgqg and hyey are the existing and updated solids levels, respectively, and R is the tank
radius.

The spreadsheet “RPP-5926 Rev 5 update for BDGRE.xIs” is structured in two parts for 28
DSTs. The first part contains the input data from Appendix B of RPP-5926, and the second part
contains the HGR and waste volume calculations from RPP-10006, based on the updated solid
levels and the input data. The calculations provide updated solid (NCL) and liquid (CL) waste
volumes, the unit HGRs from corrosion, total unit HGRs from NCL, and the total HGRs from
NCL for the whole tank. The spreadsheet is documented in RPP-29261 and verified with
spreadsheet verification form SVF-1123, Spreadsheet Verification and Release Form for
Spreadsheet RPP-5926 Rev 5 Update for BDGRE xIs.

DSTs 241-AP-103, 241-AP-104, 241-AP-107, and 241-AP-108 did not have the HGRs
calculated in RPP-5926 because there were no solids (NCL) reported in BBI. In Appendix C of
RPP-10006, solids layers (NCL) were established for these four tanks as shown in first column
of Table E-9. The HGRs of these tanks are recalculated using the spreadsheet documented in
RPP-5926, Rev. 5 and verified with spreadsheet verification form SVF-032.

E6.0 HYDROGEN GENERATION RATE DISTRIBUTIONS

The HGR distributions are based on the evaluation of model-calculated and field-observed rates
from HNF-3851, as presented in Table E-5. In Table E-5, positive “Relative Differences”
indicate overestimation of the HGR; negative “Relative Differences” indicate model
underestimation of the HGR.

E-7
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Table E-5. Comparison of Model-Calculated and Field-Observed
Hydrogen Generation Rates (HNF-3851).

God Giiela Ginod Goena Relative
T (ft*/min) (ft*/min) (L/day) total (L/day) differences

total HGR total HGR HGR from total HGR [model vs. field

from model from field model from field data]
241-AN-101 1.73E-04 2.50E-04 7 10 -31%
241-U-107 4.71E-04 8.27E-04 19 34 -43%
241-U-109 5.44E-04 7.11E-04 22 29 -23%
241-SX-101 6.64E-04 4.20E-04 27 17 58%
241-U-108 9.42E-04 1.41E-03 39 57 -33%
241-SY-102 9.66E-04 7.26E-04 40 30 33%
241-U-102 1.05E-03 1.10E-03 43 45 -4%
241-U-106 1.12E-03 6.62E-04 46 27 69%
241-S-102 1.25E-03 1.64E-03 51 67 -24%
241-SX-104 1.31E-03 2.51E-04 53 10 420%
241-U-105 1.37E-03 1.61E-03 56 65 -15%
241-U-103 1.46E-03 1.48E-03 60 60 -1%
241-8SX-106 1.53E-03 1.24E-0G3 63 50 24%
241-C-104 2.56E-03 2.21E-03 105 90 16%
241-SX-103 3.03E-03 1.27E-03 124 52 139%
241-AW-101 3.55E-03 3.17E-03 146 129 12%
241-SY-103 3.63E-03 3.54E-03 149 145 2%
241-AN-103 4.54E-03 4.76E-03 186 195 -5%
241-AN-105 5.14E-03 3.06E-03 211 125 68%
241-AN-104 5.53E-03 2.55E-03 227 104 117%
241-A-101 5.76E-03 2.14E-03 236 87 169%
241-SX-105 5.77E-03 4,82E-03 236 197 20%
241-AN-107 1.09E-02 5.25E-03 447 214 108%
241-C-106 1.62E-02 9.03E-03 664 368 79%
241-AY-102 2.10E-02 1.70E-02 859 691 24%
241-AZ-101 2.79E-02 944E-03 1144 385 196%
241-AZ-102 2.90E-02 1.90E-02 1190 775 53%
241-SY-101 5.96E-02 2.44E-02 2441 993 145%
Notes:

HNF-3851, 2004, Empirical Rate Equation Model and Rate Calculations of Hydrogen Generation for

Hanford Tank Waste, Rev. 1, CH2M HILIL Hanford Group, Inc., Richland Washington.

HGR = hydrogen generation rate.

E-8
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Based on the evaluations given below the HGR distributions are described by a triangular
distribution with the upper and lower bounds defined as listed below.

Model Estimated HGR Upper Bound Lower Bound
HGR.y; =1.5E-03 (ft’/min) 1.1 * HGRey HGRy/ 3
1.5E-03> HGRey, 21.0E-03 (ft*/min) 1.5 * HGRe HGRe/ 2
1.0E-03 (ft*/min) > HGR., 1.9 * HGRy HGRey/ 2

Note: The model estimated HGR is the total HGR for the tank. It is assumed that the

nonconvective layer HGR has the same upper and lower bound relationships as
used for the specific tank’s total HGR.

Previously the distribution maximum and minimums for the HGRs were defined loosely as the
“HGRmean + 2 times HGRyean” and “HGRumeqn - HGR pean /2, respectively. When tanks are
arranged in order from smallest to largest HGR it was found that the larger model HGRs
consistently overestimated the observed HGRs and the smaller HGRs typically underestimated
the observed HGRs. As a result, it was decided to divide the range of model-generated HGR
values such that the ranges of the observed HGRs were underestimated, overestimated, or mixed
(overestimated and underestimated).

The range of HGRs was arbitrarily divided in to the following three groups:

e HGRest =1.5E-03 ft*/min
o 1.5E-03 ft*/min >HGRest =1.0E-03 ft*/min
e 1.0E-03 fi*/min >HGRest.

For tanks with tanks with HGRest > 1.5E-03 ft*/min, the data ranges from underestimating the
observed value by 5% (only 1 value underestimated the observed value) to overestimating the
observed HGR by a factor of 3 (15 values overestimated the observed HGR). The distribution
ranges were set to encompass the range of observations in this bin. To cover the underestimated
values, the upper bound for the range was set to “110 % of the mean” (100% plus twice “the
relative difference for 241-AN-103"), and the lower bound was set to the “mean /3” (the mean
divided by “100% plus the relative difference for 241-AZ-101"). The resulting distributions for
this range of data are presented in Table E-6.
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Table E- 6. Hydrogen Generation Rate Distribution for
Tanks with HGRest > 1.5E-03 ft*/min.

Gyug ?ﬁek., Guaod Giela . Resulting distribution using
(fta i) (ft'/min) | (L/day) |(L/day) _Relatlve HGR,./3 <HGR,, <1.10 * HGR,,,
Tanks total HGR total total total | differences

from HGR HGR HGR | (model vs. Lower Mean Upper

model from from from | field data) bound (L/day) bound

field model field (L/day) (L/day)
241-AN-103 4.54E-03 | 4.76E-03 186 195 -5% 62 186 204
241-SY-103 3.63E-03 | 3.54E-03 149 145 2% 50 149 163
241-AW-101 | 3.55E-03 | 3.17E-03 146 129 12% 49 146 160
241-C-104 2.56E-03 | 2.21E-03 105 90 16% 35 105 115
241-SX-105 5.77E-03 | 4.82E-03 | 236 197 20% 79 236 260
241-AY-102 2.10E-02 | 1.70E-02 { 859 691 24% 286 859 945
241-SX-106 1.53E-03 | 1.24E-03 63 50 24% 21 63 69
241-AZ-102 2.90E-02 | 1.90E-02 | 1,190 775 53% 397 1,190 1,309
241-AN-105 5.14E-03 | 3.06E-03 | 211 125 68% 70 211 232
241-C-106 1.62E-02 | 9.03E-03 | 664 368 79% 221 664 730
241-AN-107 1.09E-02 | 5.25E-03 | 447 214 108% 149 447 492
241-AN-104 5.53E-03 | 2.55E-03 | 227 104 117% 76 227 249
241-8X-103 3.03E-03 | 1.27E-03 124 52 139% 41 124 137
241-8Y-101 5.96E-02 | 2.44E-02 | 2,441 993 145% 814 2,441 2,685
241-A-101 5.64E-03 | 2.14E-03 | 231 87 164% 77 231 254
241-AZ-101 2,79E-02 | 9.44E-03 | 1,144 385 196% 381 1,144 1,258

Note:
HGR = hydrogen generation rate.

Six tanks fell into the tanks with 1.5E-03 ft'/min > HGRest > 1.0E-03 ft*/min bin. Of these, four
tanks underestimated the HGR by up to 25%, and two tanks overestimated the HGR by up to
420%. To account for this range, the underestimated values the upper bound for the range was
set to “150 % of the mean” (100% plus twice “the relative difference for 241-S-102"), and the
lower bound was set to the “mean /2” (the mean divided by “100% plus ¥ of the relative
difference for 241-SX-104.” This is a conservative assumption). The resulting distributions for
this range of data are presented in Table E-7.

E-10
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Table E-7. Hydrogen Generation Rate Distribution for
Tanks with 1.5E-03 ft’/min > HGRest > 1.0E-03 ft*/min.

Gooa Goa Groa G Resulting distribution using
Mot el 0
(f¢/min) | (ft/min) | 1/43Y) | (L/day) | Relative | pop » HGR,, <1.5* HGR..
Tanks total HGR total total total |differences
from HGR HGR HGR | (modelvs. | 7§ ower Mes Upper
model | from field from from | field data) | pound L bound
¢ model | field (L/day)
(L/day) (L/day)

241-8-102 1.25E-03 | 1.64E-03 51 67 -24% 26 51 77
241-U-105 1.37E-03 | 1.61E-03 56 65 -15% 28 56 84
241-U-102 1.05E-03 | 1.10E-03 43 45 4% 22 43 65
241-U-103 1.46E-03 | 1.48E-03 60 60 -1% 30 60 90
241-U-106 1.12E-03 ; 6.62E-04 46 27 69% <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>