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Abstract: This document categories each of the large waste storage tanks
into one of several categories based on each tank's waste and
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.
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EXECUTIVE SUMMARY

The Hanford Site contains 177 large (28 double-shell tanks and 149 single-shell tanks)
underground radioactive-waste storage tanks that are categorized 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. These waste
categories replace the current four waste tank facility groups. Current assignments of facility
groups depend on whether the waste in each of these tanks is postulated to present a hazard from
large or small gas release events and whether they are spontaneous or induced. 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 three criteria.

The first criterion estimates the ability of the wetted solids in a tank to retain sufficient
flammable gases that if all of the gases were released instantaneously into the tank headspace,
would the headspace flammable gas concentration equal or exceed 100% of the lower
flammability limit. If all of the retained gas in a tank’s wetted solids were instantaneously
released into the tank’s headspace and resulted in a flammable gas mixture below 100% of the
lower flammability limit, the tank is classified as a waste group “C” tank. This assignment is
independent of whatever gas release mechanisms the tank may exhibit including buoyant
displacement gas release events. In other words, a waste group “C” tank is not expected to reach
100% of the lower flammability limit from the total instantaneous release of all of the gas
retained in its wetted solids.

The second criterion considers whether there is sufficient supernate 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 that do not have sufficient supernate on top
of solids (energy ratio <3.0) are assigned to waste group “B.” Tanks that are not waste group
“C” tanks that do have sufficient supernate on top of solids (energy ratio >3.0), but that pass the
third criterion (buoyancy ratio <1.0, see below) are also assigned to waste group “B.”

The third criterion addresses tanks that are not waste group “C” double-shell tanks that have
sufficient supernate on top of solids (energy ratio >3.0). For these DSTs, the third criterion
considers whether the saturated solids can retain sufficient gas to exceed neutral buoyancy
relative to the supernatant layer. If neutral buoyancy can be exceeded (buoyancy ratio >1.0), that
double-shell tank is assigned to waste group “A.” Sensitivity studies of waste group assignments
were also performed for the cases of water and caustic additions to the waste tanks and the
special cases of the addition of waste to some of the tanks.

ES-1
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Best Basis Inventory

buoyant displacement gas release event

Calculated Buoyancy Ratio, which is the average saturated settled solids layer gas
fraction divided by the neutral buoyancy gas fraction. This ratio 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

double-shell tank

Calculated Energy Ratio, which is the ratio of 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.

gas release event

Pacific Northwest National Laboratory

Retained Gas Sampler

Surveillance Analysis Computer System

product of the specific gravity of the liquid layer and the height in inches of the
sediment or settled solids layer

single-shell tank
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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, thermolytic decomposition of organic compounds, and corrosion of a tank’s carbon steel
walls. Radiolysis and thermolytic decomposition also generate ammonia. Nonflammable gases,
which act as dilutents (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 semivolatile 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 matrix. Retained gas may be released in a
spontaneous or induced gas release event (GRE) that can signiftcantly increase the flammable
gas concentration in tank headspace as described in RPP-7771, Flammable Gas Safety Issue
Resolution. Appendices A through J 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 wetted. 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 ammonta 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. Only 58 of the

177 SSTs and DSTs were determined to have trapped gas by the barometric pressure effect
method and, of these, only 20 to 25 tanks, including six DSTs (241-AN-103, 241-AN-104,
241-AN-105, 241-AW-101, 241-SY-101, and 241-SY-103) stored relatively large volumes of
gas. (Note that gas retention in DST 241-SY-101 has since been remediated leaving only five
DSTs with relatively large volumes of stored gas.) About 50 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 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 solid layers, and the
retained gas amounts have previously not been specified for “evaluation basis” accidents.
Current estimates of retained gas used in this document are based on the void fraction in the
wetted solids of each tank considered. The bases for these void fractions are the void fraction
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instrument measurements in selected tanks and waste similarities in the other tanks as described
in SNL-000198, Flammable Gas Safety Analysis Data Review.

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 is 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 BDGRESs 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)
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 the12/4/91
GRE of 130 to 260 m”® of gas, or 35 to 70% of its retained gas inventory, RPP-6517, Evaluation
of Hanford High-Level Waste Tank 241-SY-101 and RPP-6655. The observed frequency of
GRE:s in 241-SY-101, prior to remediation, was every 80 to 150 days, RPP-6517. In contrast,
the maximum gas release volumes and corresponding percent of total retained gas released for
the other five GRE DSTs during the five year period from 1995 through 1999 per RPP-6655
were: DST 241-AN-105 (29 m® and 26%), 241-SY-103 (21 m® and 16%), 241-AW-101 (19 m’
and 20%), 241-AN-104 (19 m® and 14%), and 241-AN-103 (4.6 m’ and 2%). 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.

The ongoing 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. Observation of a number of the most
active flammable-gas-retaining SSTs indicates that no large BDGRES 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.

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

Waste group assignments have been developed to replace the existing Facility Group
designations for the 177 DSTs and SSTs for application of flammable gas controls. The SST and
DST groupings arc 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
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empirical data and analytical concepts with the objective of identifying and separating waste
tanks into groups that posed similar GRE risks.

The SSTs and DSTs are assigned to one of three groups based on the following:

21

Waste Group A: Includes DSTs that have a propensity to undergo a large BDGRE and
have sufficient retained gas to achieve 100% of the lower flammability limit (LFL) if all
of their respective retained gas were released instantaneously. The selection criteria for
this waste group are that DSTs have sufficient retained gas and satisfy the two other

selection criteria pertaining to a propensity for BDGREs (discussed in the next section).

Waste Group B: Includes tanks that do not have a propensity for a large BDGRE, but
have sufficient retained gas to achieve 100% LFL if all of their respective retained gas
were released instantaneously. Given the level of retained gas, these tanks may
experience increases in headspace flammable gas concentrations during operations that
induce disturbances in the solid portion of the waste.

Waste Group C: All DSTs and SSTs not included in waste groups A or B (i.e., those
that do not have sufficient retained gas to achieve 100% LFL if all of their respective
retained gas were released).

2.0 WASTE GROUP SELECTION CRITERIA

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.

Retained Gas Volume: Wetted 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 flammabile if the gas was all released at once. The sediment
gas volume fraction may be determined using gas 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. This criterion
determines whether a flammable mixture of gases can be achieved in the tank’s
headspace if all of the tank’s retained gas were released instantaneously. In other words,
is the volume of retained gas in the waste of a tank, adjusted to tank headspace pressure
and temperature, less than the minimum volume of gas at these same conditions and
composition required to create a flammable mixture in the tank’s headspace? If there is
less retained gas than that required to achieve a flammable mixture in the tank’s
headspace, then flammable conditions cannot be reached. As a result, the tank is
classified as a waste group C tank independent of the method the gas is released.
Equations (1), (2), and (3) are used to make these calculations relating to retained gas
volume criterion.
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Retained Gas Volume Criterion: VGwneL < VGLrL

VGunc =Humer * VByner, ¥A ( i ][ T ] (0
latm. g —
where:
9.806—
Panc, = latm + —Sefa“ * {PCL * [HCL +H ]+ 0.5 pye x (2% Honer— HWNCL)]} (2)
101,325—
atm.
F e *(1 __ Feu, _ B, J
% LFL cus % LFL nu3
VG g = Vg * E (3)
WNCL
where:
A = cross sectional area of the tank (m?)
Fcua = methane concentration in the headspace following gas release
(volume %)
Fir. = hydrogen concentrations at 100% LFL (4.0 volume %)
Frms = ammonia concentration in the headspace following gas release
(volume %)
FwneL = retained hydrogen gas concentration in the saturated settled solids
layer (volume %)
He = height of the crust layer {m)
Heo = height of the liquid (convective) layer (m)
HrneL = height of total settled solids (non-convective) layer (m)
HwneL = height of liquid saturated (wetted) non-convective layer (m)
PwneL = calculated representative retained gas pressure in saturated settled
solids layer (atm)
Tvs = representative temperature of headspace of waste tank (K)

TwneL = representative temperature of wetted settled solids layer (K)

Vs = volume of headspace of waste tank (m3)

VFwnel = representative void fraction in saturated settled solids layer

VGif. = calculated volume of gas from saturated settled solids layer required
to produce 100% LFL in headspace of waste tank (m”)

VGwneL = cal;:ulated volume of gas retained in the saturated settled solids layer
(m’)

%1 FLcyus = methane concentration at 100% LFL (5.0 volume %)

%LFLnys = ammonia concentration at 100% LFL (15.0 volume %)

Per = density of convective layer (kg/m?)

PwneL = density of wetted non-convective layer (kg/m3 ).
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e 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 BDGREs by using a term called “energy ratio” as described in
PNNL-11391, Gas Retention and Release Behavior in Hanford Single-Shell Waste Tanks.
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.
For typical tank conditions, this requires a supernatant liquid depth that exceeds about 1 to
2 m for buoyant displacements with limited gas releases, and over 3 m of supernatant for
significant gas releases.

If a tank’s waste fails the criterion “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 supernate 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 non-convective layer in 2 tank’s
waste determines whether most of the gas retained in gobs from the wetted non-convective
layer will be released. The release of gas is related to the kinetic energy gobs received as
they rise through the convective waste layer. This energy ratio criterion for buoyant
displacement gas releases is described in PNNL-13781, Effects of Globally Waste-Disturbing
Activities on Gas Generation, Retention, and Release in Hanford Waste Tanks.

Equations (4) and (5) are used to make energy ratio calculations. If the energy ratio for the
waste in a DST or SST, which does not meet the criterion to be first classified as a waste
group C tank, is not less than 3, 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 tendencies to have spontaneous BDGREs. The criterion comparison value of
three 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 occurs when the energy ratio exceeds 5.

Only saltcake/saltslurry tanks have exhibited BDGRE behavior. For reasons given in
Section 2.4, Application of Data to Sludge Tanks, the energy ratio is considered valid for
both saltcake/saltslurry and sludge tanks.

Energy Ratio Criterion: ER<3

NB e, *y*lmszsﬁ )
ER = AM. el | 14— jxln(l+7y)-1 (4)
(1_ NBWNCL)*IWNCL *1 Y

where:
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9.806—
_{Pa*Hy ), sec 5
am-j 1101325 —
atm.
where:
atm. = atmosphere
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
Fwncr = retained hydrogen gas concentration in the saturated settled solids layer

Her. height of the liquid (convective) layer

NBwneL = 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 wetted
non-convective layer density)

Pa = Pascal

PcL = density of convective layer

Y = calculated ratio of pressure head of convective layer in a waste tank to
the headspace pressure, which is assumed to be one atmosphere

TWNCL = representative yield stress of wetted non-convective layer (Pa).

Buoyancy Ratio: This is a semi-empirical relation presented in PNNL-13337,
Preventing Buoyant Displacement Gas Release Events in Hanford Double-Shell Waste
Tanks, which estimates the average waste gas fraction based on a balance of gas
generation and background release. The buoyancy ratio (BR) represents the average
saturated settled solids (non-convective) layer gas fraction divided by the neutral
buoyancy gas fraction. This physically 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
BDGRESs (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 BDGREs will occur prior to reaching steady state. The ratio of average
steady-state void fraction to neutral buoyant void fraction for the case of constant
nucleation is given by Equation (6). The constant in the numerator of the first factor is
adjusted so that the minimum BR for DSTs experiencing BDGREs is 1.00. In this report,
DST 241-AN-103 is used to calculate the constant.

The BR includes as input parameters the layer depths and densities making up the
average specific gravity of the waste and the Estey criterion as described in
WHC-SD-WM-TI-755, An Analysis of Parameters Describing Gas Retention/Release
Behavior in Double Shell Tank Waste. 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 BR is considered the best discriminator for BDGRE behavior. Use
of the other criteria along with the BR does not improve the overall accuracy of the
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prediction. The DSTs that fail both the retained gas volume criterion and the energy ratio
criterion and that fail the buoyancy ratio criterion are classified as waste group A tanks
(failure in this instance indicates that the given waste criteria was not met, causing the
tank to be classified as a member of the more hazardous waste tank group). The BR is
not calculated for SSTs. Because there is very little supernatant liquid in the SSTs, the
BR criteria that the tanks have a deep layer (greater than 1 m) of supernatant liquid are
not met.

Buoyancy Ratio Criterion: BR < 1.00

BR = ( CF ]* GWNCL : T“F)CL * HWNCL2 (7
Pwna —Pa Fyney * (101325;1? J* PuncL
where:

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 build up in the saturated
settled solids layer in a DST to make gobs of waste buoyant and
produces BDGREs

CF = calibration factor (set to 1334.3 for this analysis)

Fwnc. = retatned hydrogen gas concentration in the saturated settled solids
layer

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

Hwnee = height of liquid saturated (wetted) non-convective layer

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

Twner = representative temperature of wetted settled solids layer

2.2  SELECTION OF BUOYANCY RATIO
CALIBRATION FACTOR

The BR 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
BDGRESs. This BR is used to predict 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. It was
determined that tanks with documented BDGREs would have BRs greater than 1 (where the
calibration factor was set such that the lowest BR for a tank exhibiting BDGRE behavior would
be unity) (PNNL 13337). In the past, the BR calibration was set using mean values of the
properties or other measurements for the specific tank and its waste.
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2.2.1 Determining the BDGRE Tank with the Minimum
Buoyancy Ratio

When calibrating the BR, the first step is to determine which tanks exhibit BDGRE behavior.
Historically, the tanks are DSTs 241-AN-103, 241-AN-104, 241-AN-105, 241-AW-101,
241-SY-101, and 241-SY-103. The relationship of the BRs for the BDGRE tanks and closely
related tanks are illustrated in Figure 1. In this evaluation, the median values of the BR
calculation were used and as a result DST 241-AN-103 has the minimum BR.

Figure 1. Comparison of Buoyancy Ratios.
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DSTs 241-AN-107, 241-AY-102, and 241-SY-101 are the closest tanks to having a BR equal to
1, but do not fall within the region of tanks that exhibit BDGREs.

In Figure 1 the circles indicate tanks that exhibit BDGREs, and the diamonds indicate tanks that
do not have BDGRES, but are close to the BDGRE conditions. The vertical separation does not
have any meaning and is included to improve clarity.

However, over the past several years, three GREs were observed in DST 241-AN-107
(HNF-SD-WM-T1-797), which were large enough to suggest that they were BDGREs, and if so,
then the tank would be classified as a BDGRE tank. Also concluding in October 2000,

DST 241-SY-101 waste was diluted and partially transferred to DST 241-AY-102. Following
the conclusion of DST 241-SY-101 remediation, RPP-6517 was released, which found that the
propetties of the remaining waste in the tank would not exhibit BDGRE behavior (Figure 1).
Due to the uncertainty of the properties for these two tanks, and the uncertainty to which tank the
BR calibration factor should be calibrated for, additional studies were required to evaluate these
two tanks. This uncertainty was caused by recent GREs from DST 241-AN-107, which needs to
be evaluated to determine if they were BDGRES, and by the short time period (6 months)
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between the ending of the remediation operations and the evaluation provided in RPP-6517.
Because an additional 1.5 years have passed since the evaluation provided in RPP-6517, it was
useful to reevaluate gas retention in DST 241-SY-101.

2.2.1.1 Additional Evaluation of DST 241-AN-107. As reported in TWS02.025, Investigation
of Gas Retention and Release Issues in Tanks AN-107 and SY-101 Supporting Waste Group
Determination (Appendix H):

“Application of the Buoyant Displacement Gas Release Event (BDGRE) predictive
indicators has[sic] historically shown that tank 241-AN-107 was close to exhibiting
BDGRE behavior (Meyer and Stewart 2001 and Johnson et al. 2000). Since the
predictive model of BDGRE behavior is based on the group of tanks exhibiting this
behavior, inclusion of DST 241-AN-107 in the group has the potential to affect the
waste group determinations for the remaining tanks. The three gas release events
observed recently in tank 241-AN-107 (McCain 2001) were investigated in detail to
determine if the tank indeed belongs in the BDGRE group. The retained gas
volume in AN-107 was also evaluated.”

The TWS02.025 evaluation (Appendix H) found that two of the three GREs were the result of a
calibration or intrusive pumping activities. The third GRE was determined to be a small GRE
that did not have the characteristics of a BDGRE. Therefore, DST 241-AN-107 is not
considered to be a BDGRE tank.

The retained gas volume may be estimated using changes in the waste surface level in response
to barometric pressure changes. The barometric pressure effect model is described in RPP-6655,
Appendix B. The model estimates the retained gas volume based on the response of the waste
surface level to fluctuations in the barometric pressure due to compression and expansion of
stored gas.

Report TWS02.025 (Appendix H) found that there was a correlation between atmospheric
pressure and the surface level in DST 241-AN-107. At the 95% confidence level, it is estimated
that the in situ retained gas volume in the tank is 2,100 it at 2 atmospheres of pressure (4,200 ft®
at atmospheric pressure). The truncation of the distribution is defined by 0 and 4,000 ft’, where
4,000 ft’ is the volume of gas retained at the neutral buoyancy void fraction for the waste.

In conclusion, TWS02-025 did not find any indication that BDGREs have occurred in

DST 241-AN-107; however, there is sufficient retained gas in the tank to allow the waste surface
to react proportionally with changes in barometric pressure and for a determination to be made of
the volume of retained gas in the sediment.

2.2.1.2 Additional Evaluation of DST 241-SY-101. As reported in TWS02.025 (Appendix H),
the potential for large BDGRESs in DST 241-SY-101 (PNNL-11536) was eliminated by a series
of waste transfers and water dilutions in 1999 and 2000 (RPP-6517). However, like

DST 241-AN-107, DST 241-SY-101 in its new configuration is relatively close (in terms of the
BDGRE predictive indicators) to the group of tanks exhibiting BDGREs. The last evaluation of
its waste configuration was done in August 2000 (RPP-6517). DST 241-SY-101 data were
updated by an investigation of potential gas retention and a refinement of the sediment layer
depth (a significant parameter for identifying the potential of BDGRE behavior).
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The barometric pressure effect model was once again used to estimate the retained gas volume
based on the response of the waste surface level to fluctuations in the barometric pressure due to
compression and expansion of retained gas. For DST 241-SY-101, no significant correlation
was found between atmospheric pressure and surface level fluctuations. This can be attributed to
a low void fraction, a layer of “scum” on the waste surface that inhibits surface movement, or the
masking effect of evaporation. If there is no correlation between the atmospheric pressure and
surface level fluctuations (and the waste surface is free to move) the retained gas volume is
determined to be less than 1,000 ft.

The waste level in DST 241-SY-101 rose 2 in. from October 2000 to March 2002 after
correction for evaporation. This corresponds to an increase in retained gas of 750 ft® at in situ
conditions (1,500 ft* at atmospheric pressure). Because the operations in DST 241-SY-101
performed during the transfer and dilution activities would have degassed the waste, it is
assumed that the current retained gas inventory is 750 ft’ at in situ conditions. An additional
observation of note is that there appears to be no additional retained gas accumulation from
January 2002 through March 2002 indicating that steady-state gas releases now equal the gas
generation rate.

In addition, TWS02.025 reports that the current sediment or non-convective layer depth is 90 in.
This evaluation is based on information from temperature profiles, and neutron and gamma
scans. This is a reduction in the non-convective layer depth since the time of RPP-6517,
evidence of continuing compaction of the non-convective layer supporting the above finding that
the retained gas volume is small compared to the pre-mitigation retained gas volume.

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 Lower Flammability Limit (LFL), the tank “passes” and
is classified as a 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 energy
ratio criterion is used next. The retained gas criterion determines either that a tank is a C tank
(passes criterion) or it is an A/B tank and the next criterion must be used.

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
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 an A/B tank
and the next criterion is used.

The buoyancy ratio criteria separates the A and B tanks. This criteria 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. If the answer is yes, the tank “fails” and is classified as an

A tank. If the answer is no, the tank passes and is classified as a B tank.

10
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2.4  APPLICATION OF DATA TO SLUDGE TANKS

In 1996 PNNIL-11391 reported the results of investigations into the gas retention and release
behavior of SSTs. It was reported that given the proper configuration of the materials in the tank
a buoyant displacement was possible in sludge-type materials. In practical experience at
Hanford, BDGREs have been observed in tanks containing saltcake/salt slurry wastes.

The findings 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 BDGRESs were generated relatively quickly using the
decomposition of hydrogen peroxide. The bench-scale observations were then used to develop
the energy ratio criterion, which was found to be applicable to tanks with a significant
supernatant layer, a layer greater than 1 meter in depth. When the energy ratio was applied to
Hanford DST waste, it was found to be a good predictor of the energetics of the buoyant
displacements. ‘

As it turns out, the only Hanford tanks with the propensity to exhibit BDGRE behavior are tanks
containing saltcake/salt slurry wastes. Because the Hanford tanks containing sludge materials
have not historically warranted additional investigation in 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 and buoyancy ratio will provide a conservative estimation of the propensity of the
sludge wastes to exhibit BDGRE behavior.

Recently, DST-241-AW-106, a sludge tank, was evaluated to determine if its supernatant layer
could be replaced with a deep supernatant layer (6.46 m vs. 0.55 m prior to transfer) with a
specific gravity of 1.47 (vs. 1.32 prior to transfer) (7G600-SAB-03-008). Using the criteria
presented in this document, it was found that DST 241-AW-106 would not retain sufficient gas
at the new conditions to pose a flammable gas hazard due to spontaneous gas releases. The
tank’s past behavior and a prediction of the void fraction within the waste using the Barometric
Pressure Effect (BPE) model verifies that the sludge does not retain sufficient gas to be a hazard.
Based on the results of the evaluation shown in Table 1, the tank would remain a waste group C
tank.

Table 1. Results of the Evaluation of DST 241-AW-106
Post-Transfer Conditions*.

Post Buoyancy | Buoyancy | Buoyancy | Energy! Energy
Transfer %A %B %C Ratio Ratio Ratio Ratio Ratio
(minimum)| (mean) | (95% CL) | (mean)| (95% CL)
AW-106 1.0 0.3 98.6 0.38 1.38 4.03 1.27 50.2
Note:

Source: 7G600-SAB-03-008, 2003, “Analysis of Waste Transfer to Double-Shell Tank 241-AW-106,” CH2M HILL

Hanford Group, Inc., Richland, Washington.

11
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2.5 OTHER CRITERIA RELATED TO SELECTION CRITERIA

Two additional criteria were traditionally used to discriminate BDGRE tanks: the Estey and the
Specific Gravity Criteria. The Estey criteria, provided in WHC-SD-WM-TI-753, is an empirical
relation developed as a discriminator for tanks with BDGRE behavior. It is defined by the
product of the specific gravity of the liquid layer and the height in inches of the sediment or
settled solids layer (hereafter denoted SpGp*Hg). Historically, a limit of 150 in. has been used to
differentiate between BDGRE and non-BDGRE tanks (PNNL-13337 and RPP-6517). The
Specific Gravity Criteria was developed to differential BDGRE tanks based on specific gravity.
Typically, BDGRE tanks have specific gravities greater than 1.4.

Report WHC-SD-WM-TI-755 states that no BDGRESs were recorded in those tanks with

SpGi *Hg less than 150 in., and that all tanks that exhibit BDGRESs have SpG*Hg greater than
230-in. (crust thickness is included in the height of the sediment). The input data and results are
included in Table 2. The limit for BDGRE tanks considering only the sediment layer depth (not
including the crust) is 193 in. (DST 241-AW-101}. Note also that the highest actual value in
non-BDGRE tanks is 141 in. (DSTs 241-AW-104 and 241-AW-106).

The input data for the current analysis is given in Table 3 and illustrated in Figure 2. The limit
for BDGRE tanks is now 162 in. (DST 241-AW-101), while the highest mean value in
non-BDGRE tanks is 140 in. (DST 241-AW-103). In Figure 2, the filled circles indicate tanks
that exhibit BDGREs, and the open circles indicate tanks that do not have BDGREs, but are
close to the BDGRE conditions.

As a result of this analysis it was determined that recalibration of the Estey criteria limit provided
in WHC-SD-WM-TI-755 is not possible (highest non-BDGRE tank value is equivalent to
original analysis) and the Estey criteria is no longer a good discriminator. The uncertainty of the
results (due to property uncertainties) produces overlap between BDGRE and non-BDGRE tanks
at the 95% confidence level, therefore providing no clear discrimination of behavior. This is
especially true when the value of the SpGy *Hs for DST 241-AW-103 is 159 in. at a 95%
confidence level. This change in the value for SpGy *Hg for DST 241-AW-103 came about with
the filling of the tank with additional supernate to the tank operating level of 400 in. There has
been no corresponding change in the behavior of the tank.

12
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Table 2. Estey Criteria Inputs and Results*.

Hy H SpG . *Hs SpG | *(Hg+Hce
Tank (in) (inc) SpG p (i;) P (ifl)s ) Average
AN-101 0 0 1.24 0 0 0
AN-102 32 0 1.39 44 44 44
AN-103 150 51 1.6 240 322 281
AN-104 180 55 1.46 263 343 303
AN-105| 204 2 1.43 292 295 293
AN-106 6 0 1.19 7 7 7
AN-107 49 0 1.4 69 69 69
AP-101 0 0 0.99 0 0 0
AP-102 0 0 1.2 ¢ 0 0
AP-103 0 0 1 0 0 0
AP-104 0 0 1.03 0 0 0
AP-105 56 0 1.33 74 74 74
AP-106 0 0 1 0 ¢ 0
AP-107 0 0 1.01 0 0 0
AP-108 0 0 0.99 0 0 0
AW-101 125 51 1.54 163 271 232
AW-102 20 0 1.16 23 23 23
AW-103 132 0 1.04 137 137 137
AW-104 142 0 0.99 141 141 141
AW-105 108 0 1.01 109 109 109
AW-106 108 0 1.31 141 141 141
AY-101 30 0 1.09 33 33 33
AY-102 12 0 1 12 12 12
AZ-101 13 0 1.2 16 16 16
AZ-102 35 0 i.1 39 39 39
SY-101 220 47 1.49 328 398 363
SY-102 26 0 1.03 27 27 27
SY-103 140 24 1.47 206 241 223
Notes:

BDGRE = buoyant displacement gas release event.
BDGRE tanks are denoted in Bold.

*WHC-SD-WM-TI-755, 1996, An Analysis of Parameters Describing Gas Retention/Release Behavior in Double-
Shell Tank Waste, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

13
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Table 3. Estey Criteria Inputs and Results (Mean Values).

*
Tank o | o spG. | SPOLT
AN-101 ¢ 92 1.17 0
AN-102 32 362 1.43 46
AN-103 49 | 162 145 216
AN-104 55 | 207 144 230
AN-105 177 215 1.43 253
AN-106 6 8 1.18 7
AN-107 90 288 1.37 123
AP-101 0 404 1.31 (0]
AP-102 0 395 1.20 0
AP-103 0 102 1.31 ;
AP-104 0 403 1.25 0
AP-105 32 380 1.35 44
AP-106 0 226 - 1.26 Q
AP-107 0 356 1.25 0
AP-108 0 280 1.25 0
AW-101 113 234 1.43 161
AW-102 11 20 1.01 11
AW-103 114 286 1.24 141
AW-104 81 34 1.07 87
AW-105 93 62 1.07 90
AW-106 87 22 1.32 115
AY-101 30 39 1.22 36
AY-102 62 186 1.15 71
AZ-101 19 334 1.24 23
AZ-102 38 324 1.14 43
SY-101 90 341 1.36 122
SY-102 26 350 1.25 32
SY-103 13 | 128 147 166

Notes:

BDGRE = buoyant displacement gas release event.
BDGRE Tanks are Denoted in Bold.

14




RPP-10006 REV 0

Figure 2. Comparison of the Estey Criteria for Selected Double-Shell Tanks.

SY-101H - Py
SY-103 -]
AN-103 -
AN-104 F |
ARN-102 I e—
AW-101 - —f———
AN-105 prom e
AN-107 - —a—
SY-101 by
AW-106. e
AW-103 et
AY-102 |
AZ-102 o
AW-105 p——
AW-104 | —m—y

T T T T

[#] 50 100 150 200 250 300
Estey Criteria (in.) (95%CL)

Note: SY-101H refers to the historic (pre-remediation) condition of DST 241-SY-101

The Specific Gravity Criteria historically was developed to indicate that BDGREs only occur in
tanks with liquid specific gravities greater than 1.4. As shown in Figure 3, all BDGRE tanks
have liquid specific gravities greater than 1.4, but several tanks without BDGREs also have tanks
in the same range of liquid specific gravities. As a result, the Specific Gravity Criterion 1s of
little value.

Figure 3. Comparison of Specific Gravity for Selected Double-Shell Tanks.
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In Figure 3, the circles indicate tanks that exhibit BDGRES, and the squares indicate tanks that
do not have BDGREs, but are close to the BDGRE conditions based on recent tank analyses.

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 this uncertainty in data, the
values used in this study have been assigned distributions that reflect the uncertainty in the
estimation of the various tank waste information. 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 that accounts for the ranges of all of the individual
data parameters. In the Monte Carlo analysis, the analyst selects a 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 order of their 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.

This evaluation includes distributions for 13 parameters to account for uncertainty in waste
measurements, waste properties, and retained gas volumes and compositions. Each analysis is
performed with 5,000 trials. This involves 5,000 randomly sampled values from each
distribution 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 rerun 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 SST 241-U-106
was selected for evaluation. SST 241-U-106 is the tank closest to the boundary between waste
groups B and C.

The stability test checks the operation of the model using different “seed” numbers for the
random number generation algorithm. This study ran the SST 241-U-106 model 50 times, with

16
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5,000 trials per run. Fifty runs equates to 250,000 trials using 3,250,000 data points. The initial
analysis (5,000 trials ) for tank U-106 gave a confidence level of 94.5 that the tank is a waste
group C tank. The stability test gave a mean value of the confidence level of 94.44 and a median
value of 94.43. This is not a significant variance and confirms that 5,000 trials is adequate.
Table 4 presents the results of the 50 trial stability tests for this tank. Based on the stability test,
47 times the SST 241-U-106 would be classified as a waste group B tank, three times the tank
would initially be classified as a waste group C tank. In all cases, the waste addition sensitivity
test classified the tank as a waste group B tank.

Table 4. Stability Test Results.

Tank _ SS8T 241-U-106

Value tracked Confidence level tank is a waste group C tank

Reported value (run #1) 94.5 (this value is less than the 95 required to classify this tank
as a waste group ¢ tank)

Number of repetitions 50

Number of trials per 5,000

repetition

Mean 94.44

Median 94.43

Standard deviation 0.37

Minimum 93.6

Maximum 95.2

Note:

SST = single-shell tank.

Based on the results presented in Table 4 and because of the conservatisms built into the
assumption that 100% of the gas is released simultaneously, it is not expected that there is a
misclassification of any of the waste group C tanks and no additional evaluation is required.

32  APPLICATION OF CRYSTAL BALL'

Crystal Ball is an EXCEL? add-in, which performs the 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) is 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

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

? EXCEL is a trademark of Microsoft Corporation, Redmond, Washington.
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simulation. Crystal Ball can graphically display the forecast distributions as the runs are
performed and then produces a report as desired.

4.0 SOURCES OF INPUT DATA AND HIERARCHY

The BBI database is the preferred database for waste characterization information. This database
is used whenever possible to help keep consistency between various engineering documents
produced by Hanford Site contractors. For this evaluation, the BBI database was queried on
November 15, 2001. This data is the same data used in the preparation of RPP-5926,
Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level
Evaluation for Hanford Tank Waste. Data not available in the BBI, such as vapor data, were
obtained from other sources as described below. All data used in these analyses are presented in
Appendix A, Tables A-1 through A-7. All data sources documented in Appendix B, Tables B-1
through B-7 provide the data sources on an individual data point basis. Table B-8 provides the
key to the references. A summary of the input data required for this evaluation and the primary
source for that information is presented in Table 5.

41 POINT VALUES

The November 15, 2001, BBI database is the default source of data for the waste and tank
characteristic information. The information obtained from the BBI database includes the waste
layer depth information and the layer waste density information. The hydrogen generation rates,
waste temperatures, and headspace temperatures were obtained from RPP-5926. Another
primary source of temperature data is the Surveillance Analysis Computer System (SACS).
Uncertainty information on the BBI data was obtained from an email to S. A. Barker

(Wilmarth 2002) (Appendix I). In future releases of the BBI, the uncertainty data will be
included and may be used as a primary source. Data pertaining to the tanks that display buoyant
displacement behavior were obtained from RPP-6655. 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 74B40-99-116, Tank Volume Adjustments
(Appendix F).
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Table 5. Data Source Summary Table.

Variable Variable type Pri.mary source of
information
Total non-convective waste depth (m) Distribution Ref 6
Wetted non-convective waste depth {m) Distribution Ref 6
Convective waste depth (m) Distribution Ref 6
Crust depth (m) Distribution Ref 7
Non-convective waste density (kg/mS) Distribution Ref 6
Convective waste density (kg/m”) Distribution Ref &
Non-convective waste average temperature (K) Single point value Ref 5
Tank headspace average temperature (K) Single point value Ref 5
Tank type group Single point value Ref 2
Total tank volume (m*) Single point value Ref 2
Tank operating capacity (m) Single point value Ref 2
Tank headspace volume (m®) Single point value Ref 2
Dish type Single point value Ref 2
Dish height (m) Single point value Ref 2
Dish volume (kL) Single point value Ref 2
Tank capacity (kL/m) Single point value Ref 2
Void fraction or maximum wetted solids void fraction (%) Distribution Ref 3
Non-convective waste yield stress dist (Pa) Distribution Ref 4
Headspace gas ratio CH, dist Distribution Ref 3
Headspace gas ratio N,O dist Distribution Ref 3
Retained gas composition N; (%) Distribution Ref 3
Retained gas composition NH; (%) Distribution Ref 3
Hydrogen generation rate in non-convective waste (moles/m’/day) Distribution Ref 5
Cross sectional area of tank (m”) Single point value Ref 2

Notes:
Ref 2, 74B40-99-116, 1999, Tank Volume Adjustments, CHZMHILL Hanford Group, Inc., Richland, Washington.

Ref 3, HNF-SD-WM-TI-806, 2000, Gas Release Event Safety Analysis Tool Relational Database For Hanford Tanks, CHZ2MHILL
Hanford Group, Inc., Richland, Washington.

Ref 4, Wells, B. E., Jan 24, 2002, Personal Email to S. A. Barker, Pacific Northwest National Laboratory, Richland, Washington.

Ref 5, RPP-5926, Steady-State Flammable Gas Release Rate Calculation and Lower Flammability Level Evaluation for Hanford Tank
Waste, Rev 2, CHZMHILL Hanford Group, Inc., Richland, Washington.

Ref 6, CHG, 2001a, Best Basis Inventory, [database accessed November 15, 2001], internet address:  http://twins.pnl.gov:8001.

Ref 7, RPP-6655, 2000, Data Observations On Double-Shell Flammable Gas Watchlist Tank Behavior, Rev 0, CH2ZMHILL Hanford
Group, Inc., Richland, Washington.

4.2  DISTRIBUTIONS

A number of important waste characterization properties was needed to properly determine the
classification of the tanks. 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. Gas composition data and void fraction information is not available in the

BBI database and data distributions from retained gas sampler results were used from
HNF-SD-WM-TI1-806, Gas Release Event Safety Analysis Tool Relational Database For
Hanford Tanks. Information from HNF-SD-WM-TI-806 also reports the results of a statistical
evaluation that estimates a distribution for the void fraction and retained gas composition for
tanks where no data is available. PNNL reported yield stress for five tanks (DSTs 241-AN-103,
241-AN-104, 241-AN-105, 241-AW-101, 241-5Y-103, and 241-SY-101 [pre-mitigation]) based
on in situ ball rheometer testing (RPP-6655). A suitable distribution for yield stress based on
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this data was suggested by PNNL (Appendix G). Finally, due to the recent activities in
DSTs 241-AN-107 and 241-SY-101, the void fractions were reevaluated for this analysis. The
results of this evaluation are reported in TWS02.025 (Appendix H).

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, the data presented in Appendices A and B, and the model
presented in Appendices C, D, and E. Each tank was evaluated based on the waste conditions on
November 15, 2001, except for SST 241-A-101, which is being saltwell pumped.

SST 241-A-101 was base-lined as of February 28, 2002. Three conditions were then evaluated
for each tank:

¢ Base condition as of the selected data date {AS IS case)
e Base case with an addition of 10,000 gal of water (10,000-gal water addition case)
e Base case with an addition of 10,000 gal of caustic (10,000-gal caustic addition case).

The last two cases were performed to determine if any tanks changed 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 in order to condition the water. An
additional constraint was placed on the tanks relating to these additions. Near-full tanks were not
allowed to exceed the tank operating limit for waste volume.

In addition, DSTs that have significant capacity available for waste transfers, were evaluated at
the current conditions and at the operating capacity of the tank. For this evaluation, it was
assumed that the selected tanks were filled to the tank operating capacity with liquids with the
same composition as the supernatant currently present in the tank evaluated.

Appendix E contains a sample output file from the program. The sample output contains the
Monte Carlo results for all variables that were tracked, the input distributions (or assumptions)
for the given tank, and a table summarizing key variables that were used to verify proper
operation of the model (this table is located at the top of the file so that the user did not have to
search the 130+ pages of output for the desired results). A compact disk is available from the
authors that contain the complete set of output files, as well as the model.

5.1 WASTE GROUP ASSIGNMENTS

The methodology used in this waste classification evaluation indicates that if the tank exhibits
class C behavior at the 95% confidence level (the 95% confidence level can also be expressed as
95% of the trials), the waste tank is classified as waste group C. If the tank waste exhibits class
C behavior at less than the 95% confidence level, but exhibits combined class C and class B
behavior at more than 95% confidence level, the tank is then classified as a waste group B tank.
For all remaining tanks, those that exhibit class A behavior, over more than 5% of the trials are
placed in waste group A.
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A confidence level of 95% was chosen for the selection criteria prior to the start of the evaluation
in order not to pre-suppose the result of this analysis. Selecting a confidence level is necessary
when performing a Monte Carlo analysis because the property distribution used (especially the
lognormal distributions) can insert unrealistic property values at the tail of the distribution. By
selecting a decision peint at the 95% confidence level, the effect of the individual distribution
tails is minimized and a realistic estimate of the true result can be obtained. The possibility of
making a non-conservative waste group assignment is reduced by the problem definition, which
states that 100% of the gas is released instantaneously, a very conservative assumption. Past
experience with all tanks, indicates that the largest observed gas release is on the order of 70% of
the retained gas. Except for releases from DST 241-SY-101 (pre-remediation) the largest gas
release was 26% (mean estimate of the largest release for DST 241-AN-105).

This classification strategy can be demonstrated using examples from Table 6.

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

e DST 241-AN-102 exhibits class C characteristics for 98.9% of the trials, and class B
characteristics for 1.1% of the trials — it is classified in waste group C.

o DST 241-AW-101 exhibits class C characteristics for 97.7% of the trials and class A
characteristics for 2.3% of the trials — it is classified in waste group C.

e DST 241-AN-107 exhibits class C characteristics for 90.3% of the trials, class B
characteristics for 6.2% of the trials, and class A characteristics for 3.5% of the trials - -
because it exhibits class B and C characteristics for 96.5% of the trials, it is classified in
waste group B.

o DST 241-AW-103 exhibits class C characteristics for 35.1% of the trials, class B
characteristics for 64.5% of the trials, and class A characteristics for 0.4% of the trials —
because it exhibits class B and C characteristics for 99.6% of the trials, it is classified in
waste group B.

s DST 241-AN-103 exhibits class C characteristics for 0.0% of the trials, class B
characteristics for 47.9% of the trials, and class A characteristics for 52.1% of the trials —
it is classified in waste group A.

e DST 241-AN-104 exhibits class C characteristics for 8.7% of the trials, class B

characteristics for 0.0% of the trials, and class A characteristics for 91.3% of the trials — it
is classified in waste group A.
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Table 6. Determination of Classification. (4 sheets)

Category A |Category B |Category C| “AsIs”
Asls Type (gb) ’ oy %) | Condition
- 241:AN:=101 | DST [ 00 001000 T
241-AN-102 DST 0.0 i1 98.9 C
241-AN-103 DST | 521 419 0.0 A
241-AN-104 DST| 913 0.0 8.7 A
| '241-AN-105. | DST | 978 0.0 ] ey e
241-AN-106 DST 0.0 0.0 100.0 C
241-AN-107 DST 35 6.2 90.3 B
241-AP-101 DST 0.0 0.0 100.0 C
CoaiAPi02 T psST L e 0o 1000 C.
241-AP-103 DST 0.0 0.0 100.0 C
241-AP-104 DST 0.0 0.0 100.0 C
241-AP-105 DST 0.0 8.6 91.4 B
241:AP-106 | DST | 00 | 0.0 1000- | C
241-AP-107 DST 0.0 0.0 100.0 C
241-AP-108 DST 0.0 0.0 100.0 C
241-AW-101 DST 23 0.0 97.7 C
241-AW:102 S ['DST | - 00 | 00 1000 | C
241-AW-103 DST 0.4 64.5 35.1 B
241-AW-104 DST 0.0 0.0 100.0 C
241-AW-105 DST 0.0 0.1 99.9 C
241-AW-106 - |'DST | o0 | 0.0 1000 C
241-AY-101 DST 0.0 0.0 100.0 C
241-AY-102 DST 0.0 0.1 99,9 C
241-AZ-101 DST 0.0 0.1 99,9 C
41-AZ:102 I DST| 00 |- 1] iogg Co
241-SY-101 DST 0.0 0.0 100.0 C
241-SY-102 DST 0.0 0.4 99.6 C
241-SY-103 DST 39 0.3 95.8 C
241-A-101 - | 'SST | NA 924 76 ] B
241-A-102 SST NA 0.0 100.0 C
241-A-103 SST NA 1.7 98.3 C
241-A-104 | SST NA 0.0 100.0 C
241-A-105 . | SST NA . 00 [100 1 C
241-A-106 SST NA 0.0 100.0 C
241-AX-101 SST NA 80.7 19.3 B
241-AX-102 SST NA 00 100.0 C
241-AX-103 SST'| © NA 00 7| 1000 .- C-
241-AX-104 SST NA 0.0 100.0 C
241-B-101 SST NA 0.0 100.0 C
241-B-1(2 SST NA 0.0 100.0 C
241-B-103 SST | .. NA . 0.0 100.0 e
241-B-104 SST NA 57 94.3 B
241-B-105 SST NA 46.8 53.2 B
241-B-106 SST NA 0.4 99.6 C
- 241:B:107 . | SST | | NA 25 9750 0
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Table 6. Determination of Classification. (4 sheets)

Category A [Category B!Category C| “AsIs”
Asls Type | 5 ) (g% y | Condifion
241-B-108 SST NA 0.0 100.0 C
241-B-109 SST NA 0.2 99.8 C
241-B-110 | SST| NA 23 97.7 C
C241-Bl1lC UUSST | UNAL LT 983
241-B-112 SST NA 0.1 99.9 C
241-B-201 SST NA 9.0 91.0 B
241-B-202 SST NA 77 92.3 B
| 241-B-203 . . '8ST | UNA- {426 | 574 | B
241-B-204 SST NA 40.7 59.3 B
241-BX-101 SST NA 0.0 100.0 C
241-BX-102 SST NA 0.2 99.8 C
241:BX%103 o LssT e NA 01 ] o C
241-BX-104 SST NA 0.3 99.7 C
241-BX-105 SST NA 0.0 100.0 C
241-BX-106 SST NA | o0 100.0 C
241BX-107 | SST | NA S 43 a5 c
241-BX-108 SST NA 0.0 100.0 C
241-BX-109 SST NA 1.0 99.0 C
241-BX-110 SST NA 17.9 82.1 B
241-BX-111 [USST | NA Ul o 90 e
241.BX-112 SST NA 0.7 993 C
241-BY-101 SST NA 52.0 48.0 B
241-BY-102 SST NA 19.3 80.7 B
241-BY-103 .| SST |- NA i|': 519 N B
241-BY-104 SST NA 24.4 75.6 B
241-BY-105 SST NA 81.1 18.9 B
241-BY-106 SST NA 86.2 13.8 B
C241-BYL107° - SSTL T ONAL Yl s o el B
241-BY-108 SST NA 35 96.5 C
241-BY-109 SST NA 243 75.7 B
241-BY-110 SST NA 28.4 71.6 B
241.BY-111.  l'ssT.l NA [ -83 | er7iiji B
241-BY-112 SST NA 0.1 99.9 C
241-C-101 SST NA 0.0 100.0 C
241-C-102 SST NA 2.8 97.2 C
L 241-c-103° o 1SST L oNA 001000 C
241-C-104 SST NA 1.6 98.4 C
241-C-105 SST NA 0.0 100.0 C
241-C-106 SST NA 0.0 100.0 C
| 241-C-107. ['SST| ' NA_ | 12 988 C
241-C-108 SST NA 0.0 100.0 C
241-C-109 SST NA 0.0 100.0 C
241-C-110 SST NA 0.2 99.8 C
2arcatrl - obssTl o oNA 00 10000
241-C-112 SST NA 0.0 100.0 C
241-C-201 SST NA 0.0 100.0 C
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Table 6. Determination of Classification. (4 sheets)

Category A |Category B|Category C| “AsIs”
AsIs Type (g%;-y (%,)y (5@)y Condition
241-C-202 SST NA 0.0 100.0 C
241iC203 . L [8STl U INAC 00 10000 L. Co
241-C-204 SST NA 0.0 100.0 C
241-8-101 SST NA 63.3 36.7 B
241-8-102 SsT NA " 10.7 89.3 B
- 241-5-103 - ssT | NA | 109 | 81 llllB
241-8-104 SST NA 0.9 99.1 C
241-5-105 SST NA 10.8 89.2 B
241-5-106 SST NA 249 75.1 B
TA4T-8107 . L SSTil L NASL [ 270973 S C
241-S-108 SST NA 34.3 65.7 B
241-8-109 SST NA 29.4 70.6 B
241-8-110 SST NA 50.0 50.0 B
241-8-111 ° | SST | - NA |- 939 6.1 _B:-
241-8-112 "SST NA 68.5 31.5 B
241-SX-101 - SST NA 35.6 64.4 B
241-8X-102 SST NA 67.5 325 B
241-8X-103 . |.sstl NA | 70 930 | B
241-8X-104 SST NA 23.6 76.4 B
241-SX-105 SST NA 10.4 80.6 B
241-SX-106 SST NA 0.0 100.0 C
| 241-SX-107 | SST | NA . | 00| 1000 .
241-SX-108 SST NA 0.0 100.0 C
241-SX-109 SST NA 3.5 96.5 C
241-SX-110 SST NA 0.0 100.0 C
2418111 L SST L UNAL 0 000§ gl
241-8X-112 SST NA 0.0 100.0 C
241-8X-113 SST NA 0.0 100.0 C
241-8X-114 SST NA 0.0 100.0 C
941:8X-115- 1.SST {7 NA | ~00 1000 | C_
241-T-101 SST NA 0.0 100.0 C
241-T-102 SST NA 0.0 100.0 C
241-T-103 SST NA 0.0 100.0 C
Cog1oT-1041 L SST 0 NA 27 973 - (o
241-T-105 SST NA 0.0 100.0 C
241-T-106 SST NA 0.0 100.0 C
241-T-107 SST NA 0.2 99 8 C
241-T-108 1 SST | NA 00 L 100.0 C
241-T-109 SST NA 0.0 100.0 C
241-T-110 SST NA 5.6 94 4 B
241-T-111 SST NA 9.1 90.9 B
241-T-112° | SST | :NA ]| 1 00. 100.0 C .
241-T-201 SST NA 7.8 922 B
241-T-202 SST NA 3.1 96.9 C
241-T-203 SST NA 15.1 84.9 B
241-T204 | SST. | . NA: 15.1 '84.9 B

2
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Table 6. Determination of Classification. (4 sheets)

DST = double-shell tank,
NA = not applicable.
SS8T = single-shell tank.

25

Category A [Category B |Category C| “As Is”
Asls Type (fgyo)y (Efo) Y (%) | Condition

241-TX-101 SST NA 0.0 100.0 C
241-TX-102 SST NA 0.8 99.2 C
241-TX-103 SST NA 0.1 99.9 C

| 241-TX-104  1'SST | NA " | 00 | 1000 | G
241-TX-105 SST NA 8.9 11.1 B
241-TX-106 SST NA 28.5 71.5 B
241-TX-107 SST NA 0.0 100.0 C

Co41-TX-108 |'ssT | o NA P00 | 10007 C:
241-TX-109 SST NA 23 97.7 C
241-TX-110 SST NA 18.9 81.1 B
241-TX-111 SST NA 15.0 £5.0 B
4-TX112 L sst ] O NAC | osa7 ol 153 B
241-TX-113 SST NA 59.3 407 B
241-TX-114 SST NA 46.3 53.7 B
241-TX-115 SST | NA 65.5 34.5 B
241 TX-116. | 8ST 1 "NA - | w02 | 98 | . B:-
241-TX-117 SST NA 9.1 90.9 B
241-TX-118 SST NA 8.9 91.1 B
241-TY-101 SST NA 0.0 100.0 C

241-TY-102 | SST |7 NA - 00 1 |ii1000 1 C
241-TY-103 SST NA 0.0 100.0 C
241-TY-104 SST NA 0.0 100.0 C
241-TY-105 SST NA 03 | 997 C

[ 0241-TY-106 - SST | - NA:-[. 00 {1000 | R
241-U-101 SST NA 0.0 100.0 C
241-U-102 SST NA 247 75.3 B
241-U-103 SST NA 0.7 99.3 C

- 941-U-104 1'SST |7 NA - U0 | 99.9. o
241-U-105 SST NA 59.3 40.7 B
241-U-106 SST NA 55 94.5 B
241-U-107 SST NA 73.7 26.3 B
241-U-108 [ SST | NA | 868 | "132. | B
241-U-109 SST NA 0.7 99.3 C
241-U-110 SST NA 0.3 997 C
241-U-111 SST NA 63.3 36.7 B
“241-0-112. SST | NA 0.0 100.0 C.
241-U-201 SST NA 0.0 100.0 C
241-U-202 SST NA 0.0 100.0 C
241-U-203 SST NA 0.0 100.0 C

- 241-U-204 SST|. 'NA ['1 00 “100.0 C

Notes:
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The following DSTs either exhibit BDGRE behavior or have waste properties similar to tanks
exhibiting BDGRE behavior based on the calculated values of the Energy Ratio and/or
Buoyancy Ratio. DSTs 241-AN-103, 241-AN-104, and 241-AN-105 exhibit BDGRE behavior
and are waste group B tanks. DSTs 241-SY-103 and 241-AW-101, have propertics and
observations which indicate BDGRE releases probably occur within the tanks, but have too little
retained gas for the headspace to reach 100 %LFL if 100% of the retained gas was released
instantaneously and as a result are waste group C tanks. DSTs 241-AY-102 and 241-SY-101
have too little waste or too low a gas retention rate and are classified as waste group C tanks.
DSTs 241-AN-107 and 241-AW-103 have sufficient retained gas to exceed the class C criteria,
but meet the 95% confidence limit criteria for the sum of class C and B trials and are placed in
waste group B. It should be noted that historically only DSTs 241-AN-103, 241-AN-104,
241-AN-105, 241-AW-101, 241-SY-101 (pre-mitigation), and 241-SY-103 have documented
BDGRE behavior (RPP-6655).

5.1.1 Double-Shell Tanks

As seen in Table 7, 22 of the 28 DSTs are classified as waste group C tanks. That is, even if
100% of the retained gas is released from these tanks, the headspace flammable gas
concentration will not exceed 100% LFL. This includes DSTs 241-8Y-101, 241-SY-103, and
241-AW-101. Three DSTs, 241-AN-107, 241-AP-108, and 241-AW-103, are classified as waste
group B tanks, and the headspace flammable gas concentration can exceed 100% LFL if 100% of
the retained gas is released instantaneously, but do not exhibit BDGRE behavior. The three
remaining DSTs, 241-AN-103, 241-AN-104, and 241-AN-105, have exhibited BDGRE
behavior, and based on this evaluation are classified as waste group A tanks.

In all cases, additional liquids up to 10,000-gal water or caustic can be added to the DSTs during
routine operations without affecting the waste groupings as summarized in Table 7.

Additional evaluations were performed where tanks that are currently not very full, are filled to
the operating limit with liquid waste matching the supernatant already present in the tank. Table
8 presents the results of those evaluations. Upon filling the tanks, there was no change in waste
classification, except for DSTs 241-AW-104 and 241-AW-106. These two tanks would be
changed from waste classification C to waste classification B upon filling to the operating limit.
This change would be attributed to the effect of a smaller headspace for dilution of released gas.
The decrease in volume causes the headspace to exceed 100% LFL for enough trials and the
result of the evaluation is that these tanks are waste group B at the 95% confidence level.
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Table 7. Waste Group Assignments for Double-Shell Tanks.

. . | 10,000 gal | 10,000 gal 10,000 gal | 10,000 gal
Tank | 1YPe| “Asls” ’Hzog caustis Tank Type | AsIs” Hzog causty
condition addition addition condition addition addition
241-AN-101 | DST C C C 241-AW-101 | DST C C C
241-AN-102 | DST C C C 241-AW-102 | DST C C C
241-AN-103 | DST A A A 241-AW-103 | DST B B B
JA1EANC 104 | DSTH A A AOA L ALIAW- 104 | DST b e CLCE HER
241-AN-105 | DST A A A 241.AW-105 | DST C C C
241-AN-106 | DST C C C 241-AW-106 | DST C C C
241-AN-107 | DST B B B 241-AY-101 | DST C C C
SR1-AP-I0Y TDST e N ks 241-AY:102 - DST [ e Cn CC
241-AP-102 | DST C C C 241-AZ-101 | DST C C C
241-AP-103 | DST C C C 241-AZ-102 | DST C C C
241-AP-104 | DST C C C 241-8Y-101 | DST C C C
241-APOS TRST | B R B “241:8Y-102 | »DST. | C c Co
241-AP-106 | DST C C C 241-8Y-103 | DST C C C
241-AP-107 | DST C C C
241-AP-108 | DST C C C

Note:

DST = double-shell tank.

Table 8. Waste Group Assignments for Selected Double-Shell Tanks after
Filling to Operating Limit.

Note:
DST = double-shell tank.

5.1.2 Single-Shell Tanks

tak | e | Ttk | g [ g | Tk
241-AN-106 DST C 241-AW-102 DST C
241-AP-103 DST C 241-AW-104 DST B
241-AP-106 DST C 241-AW-106 DST B
U 241-AP:107 CDST. Lo CZ41-AYA10T L ODST | e
241-AP-108 DST C

As provided in Table 9, 93 of the 149 SSTs are classified as waste group C tanks. That is, even
if 100% of the retained gas is released from these tanks, the headspace flammable gas
concentration will not exceed 100% LFL. Fifty-six tanks are classified as waste group B tanks,
and the headspace flammable gas concentration can exceed 100% LFL if 100% of the retained
gas is released instantaneously, but do not exhibit BDGRE behavior. None of the SSTs have

tank/waste configurations that support BDGRESs and none of the SSTs which could reach

100% LFL in the headspace have energy ratios >1, therefore, the BDGRE calculation is not

applicable.
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“Ag Is” 10,000 gal | 10,000 gal “As Is” 10,000 gal 10,600 gal
Tank Type condition Hg(') caustic Tank Type condition H:O caustic
addition addition . addition addition

741-A-101 | SST B B B 241-8-110 SST B B B
24E-A2 PSST o e e L 248 TSST | B B S B
241-A-103 | SST C C C 241-5-112 SST B B B
241-A-104 | SST C C C 241-8X-101 | SST B B B
241-A-105 | SST c c C 241-8X-102 | SST B B B
241-A:106 [:SST | C. c o Co - [E9q1.8XA103 ] §ST | B B SR e
241-AX-101] SST B B B 241-8X-104 | SST B B B
241-AX-102| SST C C C 241-SX-105 | SST B B B
241-AX-103] SST C C C 241-§X-106 | SST C C C
A AX T 88T e el oo 418Xy | ssT | Rkl c
241-B-101 | SST C C C 241.SX-108 | SST C c C
241-B-102 | SST C C C 241-SX-109 | SST C C C
241-B-103 | S§T C C C 241-SX-110 | SST C C C
241-B-104 .| SST | .. B ) o B} 241-8X1L 0| SSToL € _C. R S
241-B-105 | SST B B B 241-8%-112 | SST C C C
241-B-106 | SST C C c 241-§X-113 | SST C C C
2408107 bosst o LGl e [o41-8X-114 [ issT [t ' C G
241-B-108 | SST C C C 241-8X-115 | SST C C C
241-B-109 | SST C C C 241-T-101 SST C C C
241-B-110 | ssT C C C 241.T-102 SST C C C
“241:B-111 [ ssT 1. o SR C.ii241-T<103 ] SST -.C C. [l
241-B-112 | SST C C C 241-T-104 SST C c C
241-B-201 | SST B B B 241-T-105 SST C C C
241-B-202 | SST B B B 241-T-106 SST C C C
[ 241-8-203" |.S8T . - B¢~ B CBo 2411107 'SST ERLon C C
241-B-204' | SST B B B 241-T-108 SST C C C
241-BX-101| SST C C c 241-T-109 SST C C C
241-BX-102| sST C C C 241-T-110 SST B B B
‘241:BX103 [ 88T | - ¢ CC SO 24T ssT B L LB B
241-BX-104| sSST C C c 241-T-112 SST c C C
241-BX-105| SST C C C 241.-T-201 SST B B B
241-BX-106{ SST C C C 241-T-202 SST C C C
241-BX-107] ssTil o ol Cre ] 2414722037 | SST- | B D Bi: B
241-BX-108] SST C C C 241-T-204 SST B B B
241-BX-109| SST C C C 241-TX-10! | SST C C C
241-BX-110| SST B B B 241-TX-102 | SST C C C
A4LBXIIILSST | i LG 2akTRA 103 | sST | e ol G
241-BX-112| SST C C C 241-TX-104 | SST C C C
241-BY-101| SST B B B 241-TX-105 | SST B B B
241-BY-102| SST B B B 241-TX-106 | SST B B B
241-BY-103) SST [ B - B i BLE | 2419TX-107 0} CSST CC G Rk
241-BY-104} SST B B B 241-TX-108 | SST C C C
241-BY-105| SST B B B 241-TX-109 | S8T C C C
241-BY-106| SST B B B 241-TX-110 | SST B B B
241-BY-167] SST | ~ B B B o p24uTXiatr | ssT B B B
241-BY-108| SST C C C 241-TX-112 | SST B B B
241-BY-109| SST B B B 241-TX-113 | SST B B B
241-BY-11¢] SST B B B 241-TX-114 | SST B B B
SalBY-ubssT i B B B LTS ssTel B ‘B B
241-BY-112| SST C C c 241-TX-116 | SST B B B
241.C-101 | SST C C C 241-TX-117 | SST B B B
241-C-102 | SST C C C 241-TX-118 | SST B B B
“241°C-103 | §ST |1 ~C T L [ 2areTveier T sST: c c . C
241-C-104 | SST C C C 241-TY-102 | SST C C C
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wpsqer | 10:000 gal | 10,000 gal “As I 10,000 ga! | 10,000 gal
Tank Type condition H,O caustic Tank Type condition H:O caustic
addition addition addition addition

241.C-105 | SST C C C 241-TY-103 | SST C c C
241-C-106 SST C C C 241-TY-104 88T C c C
241:C-107+ ] §8T-|. €. LG L oC 2L TY-105 ] - 88T I i L g
241-C-108 | SST C C C 241-TY-106 | SST C C C
241-C-109 | SST C C C 241-U-101 SST C C C
241-C-110 SST C C C 241-U-102 SST B B B
PALCH ST g e C s 4104103 ) 88T g LG SR
241-C-112 SST C C C 241-U-104 SST [ C C
241-C-201 | 88T C C C 241-U-105 SST B B B
241-C-202 SST C C C 241-U-106 SST B B B
2411C203 | SST c . Lol i F241:0-107 ] S8T L T B -.B
241-C-204 | SST C C C 241-U-108 SST B B B
241-8-101 SST B B B 241-U-109 58T C C C
241-8-102 | SST B B B 241-U-110 SST C C C
241-8-10% | SST | B . LB B 24vE o sST U R . B "B
241-5-104 SST C C C 241-U-112 35T C C C
241-8-105 SST B B B 241-11-201 38T C C C
241-5-106 SST B B B 241-U-202 SST C C C
241-8-107 - | -§ST | ¢ Co e ladrgp03assT ol o L .C. CiC
241-5-108 SST B B B 241-U-204 SST C C C
241-8-109 SST B B B
Notes:

S5T = single-shell tank.
'"Tanks where only 3,000 gal of water or caustic are added.

In all cases, additional liquids up to 10,000-gal water or caustic (less if the operating limit is
exceeded) can be added to the SSTs, if additions were authorized, without affecting the waste

groupings.
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AY-102 me report (020422 xls

Forecast: Total Waste Depth (m) (cont'd) Cell: G8

Percentiles:

Percentile Value

0.0% 5.354434E+00

2.5% 5.826376E+00

5.0% 5.911785E+00

50.0% 6.301012E+00

95.0% 6.681432E+00

97.5% 6.758512E4+00

100.0% 7.155317E+00
End of Forecast






RPP-10006 REV 0

AY-102 me report 020422 xIs

Forecast: Total Non-Convective Waste Depth (m) (cont'd} Cell: GO

Percentiles:

Percentile Valge

0.0% 9.657636E-01

2.5% 1,248345E4+00

5.0% 1.209586E+00

50.0% 1.678034E+00

95.0% 1.846985E+00

97.5% 1.898759E+00

100.0% 2. 174629E+00
£nd of Forecast
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AY-102 mc report 020422 xls

Foracast: Wetted Non-Convective Wasts Depth (m) (cont’'d) Cell: G10

Percentiles:

Percentile Value

0.0% 9.657638E-01

2.5% 1.248345E+00

5.0% 1.299586E+00

50.0% 1.578034E+00

95.0% 1.846985E+00

97.5% 1.898759E+00

100.0% 2.174629E400
End of Forecast

E-6
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AY-102 me report 020422 xls

Forecast: Convective Waste Depth (m) {cont'd) Cell: G11

Percentiles:

Percentile Value

0.0% 4,173491E+00

2.5% 4.391002E+00

5.0% 4.440742E400

50.0% 4,722843E+00

95.0% 5.000140E+00

97.5% 5.051651E+00

100.0% 5.313570E+00
End of Forecast

E-8
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AY-102 me report (20422 xls

Forecast: Volid Fraction (Dimensionless) (cont'd) Cell: G27

Percentiles:

Pe ile Valye

0.0% 9.947849E-01

25% 2.550529E+00

5.0% 2.848612E+00

50.0% 5.978227E+00

95.0% 1.185415E+01

97.5% 1.354886E+01

100.0% 1.755992E+01
End of Forecast

E-10



Forecast: Waste Category

Bummary:

Display Range is from 1.000000E+0 to 3.000000E+0
Entire Range is from 1.000000E+0 to 3.000000E+0

RPP-10006 REV 0

AY-102 me report 020422 xs

After 5,000 Trials, the Std. Error of the Mean is 6.925200E-4

Statistics. Valye
Trials 5000
Mean 2.998400E400
Median 3.000000E+00
Mode 3.000000E+00
Standard Deviation 4. 896856E-02
Varignce 2.397920£-03
Skawness -3.396694E 401
Kurtosis 1.247724E+03
Cosff. of Variahility 1.633156E-02
Range Minimum 1.00G000E+00
Range Maximum 3.000000£4+00
Range Width 2.0000G0E+00
Mean Sid, Eror 6.825200E-04

Forecaat: Wasie Cotegory
5,000 Trials Frequency Chert 0 Outliers
k- 44
48
£ >
2 o &
H 5
£ = &
% 13 : - : . [
100000060 15000006 200000064 HO00EG BO00000ED

E-11
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AY-102 me report 020422 xls

Forecast: Waste Category (cont'd) Cell: G59

Percentiles:

Percentile Value

0.0% 1.000060E+00

2.5% 3.000000E+00

5.0% 3.000000E+00

50.0% 3.000000E+00

95.0% 3.000000E+00

97.5% 3.000000E4+00

100.0% 3.000000E+00
End of Forecast

E-12
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AY-102 me report (020422 xls

Forecast: retained Gas Composition N2 {cont'd) Celt: G33

Percentiles:

Percentile Value

0.0% 1.250752E-02

2.5% 2.807148E+00

5.0% 5.539169E+00

50.0% 3.097721E+31

95.0% 6.146840E+01

97.5% 6.848151E+01

100.0% 7.553151E+01
End of Forecast

E-14
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AY-102 me report 020422 xls

Forecast: retained Gas Composition NH3 {%) {cont'd) Cell: G34

Percentiles:

Percentile Value

0.0% 1.192897€-02

2.5% 3.1645651E-01

5.0% 4.068008E-01

50.0% 1.760154E+00

85.0% 1.049286E+01

a75% 1.353502E+01

100.0% 1.759617£+01
£nd of Forecast

E-16
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AY-102 me report 020422 xIs

Forecast: Headspace Flam Gas Cone (%LFL) (cont'd) Cell: G58

Parcentiles:

Percentile Vaiye

0.0% 1.529064E-02

25% 6.608034E-02

5.0% 8.350796E-02

50.0% 2.292450E-01

95.0% 5.508396E-01

97.5% 6.430139£-01

100.0% 1.201584E+00
End of Forecast

E-18
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AY-102 me report 020422 xls

Forecast: Energy Ratio (Dimensionless) {cont'd) Cell: G2

Percentiles;
Percentile Value
0.0% 3.437236E+00
2.5% 4 750552E+00
5.0% 5.104291E+00
50.0% 9.352151E+00
95.0% 3.603881E+01
97.5% 4.200056E401
100.0% 6.412102E401
End of Forecast

E-20
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AY-102 me report 020422 xls

Forecast: Buoyancy Ratio {Dimensionless) (cont'd) Celi: G685

Percentiles:

Percentile Value

0.0% 3.001705E-01

25% 5.491175E-01

5.0% 6.125733E-01

50.0% 1.015665E400

95.0% 1.646880£400

97.5% 1.795480E+00

100.0% 3.164760E+00
End of Forecast

E-22
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AY-102 me report 020422 xls

Foracast: Wncl Dapth Criterion (cont'd) Cell: G47
Percentiles:

Percentile Value

0.0% 9.846342E-01

2.5% 1.007996E+00

5.0% 1.011118E+00

50.0% 1.074405E+00

95.0% 1.337881£4+00

97 .5% 1.399655E+00

100.0% 1.782204E400

Eng of Forecast

E-24
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AY-102 mc report 020422 xls

Forecast: "Specific Gravity (CL)" X "NCL Depth” (cont'd) Coll: G64

Percentiles:

Percentite Value

0.0% 4.508308E+01

2.5% 5.589887E+01

5.0% 5.829549E+(1

50.0% 7.144392E4+01

95.0% 8.471224E+01

87.5% 8.699356E+01

100.0% 9.868183E+01
End of Forecast

E-26
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AY-102 me report 020422 xls

Forecast: Retained [H2] Caic'd (%) (cont'd) Cell: G37

Percentiles:

Percentile Value

0.0% 6.724293E+00

2.5% 1.493131E+01

5.0% 1.756688E+01

50.0% 4,097255E401

95.0% 6.935769E+01

97.5% 7.483335E+01

100.0% 9.366539E401
End of Forecast

E-28
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AY-102 mc report 020422 xls

Forecast: Retained [CH4) Cale'd {3) (cont'd) Cell: (38

Percentiles:

Percentile Value

0.0% 2.285813E-02

2.5% 2.263522E-01

5.0% 3.491497E-01

50.0% 3.561370E+00

95.0% 1.698324E+01

97.5% 2.013836E+01

100.0% 3.375941E+01
End of Forecast

E-30
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AY-102 me report 020422 xls

Forecast: Retained [N20] Calc'd (%) (cont'd) Coll: G39

Percentiles:

Percentile Value

0.0% 5.046029E-01

2.5% 2511754400

5.0% 3.502806E+00

50.0% 1.437389E+01

95.0% 4.175480E+01

087.5% 4.678089E+01

100.0% 6.417347E+01
End of Forecast

E-32
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AY-102 me report 020422 xls

Forecast: Headspace [H2] (%) (cont'd) Coll: G52

Percentiles:

Percentile Value

0.0% 4 837935E-04

2.5% 2.208415E-03

5.0% 2.771539E-03

50.0% 8.036897E-03

95.0% 2.004220E-02

97.5% 2.334778E-02

100.0% 4.691141E-02
End of Forecast

E-34
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AY-102 me report 020422 xls

Forecast: Headspace [CH4] (%) (cont'd) Coll: G563
Percentiles:

Percentile Value

0.0% 5.025204E-06

2.5% 4.145406E-05

5.0% 6.447876E-05

50.0% 6.896263E-04

85.0% 4.098967E-03

97.5% 5.139785E-03

100.0% 1.379512E-02

£nd of Forecast

E-36
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AY-102 me report 020422 xls

Forgcast: Headspace [NH3] (%) {cont'd) Coll: G54
Percentiles:

Percentile Yalue

0.0% 2.339002E-06

2.5% 5.158267E-05

50% 6.982449E-05

50.0% 3.762830E-04

95.0% 2.724365€-03

97.5% 3.320183E-03

100.0% 9.828961E-03

End of Forecast

E-38
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AY-102 me report 020422 xls

Forecast: Meadspace [H2] {%LFL) {cont'd} Coll: G55

Percentiles:

Percentite Value

0.0% 1.209484€-02

2.5% 5521038E-02

5.0% 6.928848E-02

50.0% 2.009224E-01

95.0% 5.010548E-01

97 5% 5.836945E-01

100.0% 1.172785E+00
End of Forecast

E-40
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AY-102 me report 020422 xls

Forecast: Headspace [CH4] (%LFL} (cont'd) Call: G56

Percentiles:

Percentite Valye

0.0% 1.005041E-04

25% 8.290811E-04

5.0% 1.289575E-03

50.0% 1.379253E-02

95.0% 8.197934E-02

97 5% 1.027957E-01

100.0% 2.759025E-01
End of Forecast

E-42
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AY-102 me report 020422 xIs

Forecast: Headspace {NH3] (%LFL) {cont'd) Ceoll: G57

Percentiles:

Pergantie Valye

0.0% 1.569334E-05

2.5% 3.438845E-04

5.0% : 4.654966E-04

50.0% 2.508553E-03

95.0% 1.916243E-02

97.5% 2.219455E-02

100.0% 6.552641E-02
End of Forecast
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Foraecast: CA - Convactive Waste Dapth (m) (cont'd) Cell: G170
Percentiles:

Percentile Value

0.0% 4.265865E+00

2.5% 4 A83376E+00

5.0% 4.533116E4+00

50.0% 4815017E+00

95.0% 5.092513E+00

97.5% 5.144025E+00

100.0% 5.405944E+00

£nd of Forecast
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Forecast: CA - Total Waste Dapth (m) {(cont'd) Coll: G167
Percentiles:

Percentile Value

0.6% 5.446808E400

2.5% 5.918750E+00

5.0% 6.004158E400

50.0% £.393386E+00

95.0% 6.773806E-+00

97.5% 6.850885E+00

100.0% 7.247691E£+00

End of Forecast
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Foracast: WA - Total Waste Depth (m) (cont'd) Cell: G85

Percentiles:

Percentiie Valye

0.0% 5.446808E+00

2.5% 5.918750E+00

5.0% 6.004158E+00

50.0% 6.393386E+00

85.0% 6.773806E+00

97 5% 6.850885E+00

100.0% 7.247691 E400
End of Forecast
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Forecast: WA - Wnel Depth Criterion (cont'd) Cell: G126
Percentiles:

Percentile Valug

0.0% 9.710017E-01

2.5% 9.946060E-01

5.0% 9.975405E-01

50.0% 1.060035E+00

95.0% 1.319456E+00

97.5% 1.379843E+00

100.0% 1.757087E+00

End of Forecast
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Forecast: WA - Headspace [H2] (%) (cont'd) Cell: G131
Percentiles:

Percentile Value

0.0% 4.867601E-04

2.5% 2.221989E-03

5.0% 2.789253E-03

50.0% 8.087794E-03

95.0% 2.016615E-02

97.5% 2.349155€£-02

100.0% 4.720280E-02

End of Forecast
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Forecast: WA - Headspace [CH4] (%) (cont'd) Cell: G132
Percentiles:
Percentile Valye
0.0% 5.057525E-06
2.5% 4.171315E-05
5.0% 6.487739E-05
50.0% 6.940731E-04
95.0% 4,125120E-03
97.5% 5.173127E-03
100.0% 1.388184E-02

End of Forecast
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Forecasl: WA - Headspace [NH3] (%) (cont'd) Ceoll: G133

Percentiles:

Pergentile Value

0.0% 2.353840E-06

2.5% 5.192769E-05

5.0% 7.027381E-05

50.0% 3.786606E-04

95.0% - 2741130E-03

97.5% 3.350719E-03

100.0% 9.802874E-03
End of Forecast
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Forecast: WA - Headspace [H2] (3c:LFL} {cont'd) Cell: G134
Percentiles:

Percentile Valye

0.0% 1.216800E-02

2.5% 5.554972E-02

5.0% 6.873134E-02

50.0% 2.021848E-01

95.0% 5.041537E-01

97.5% 5.872888E-01

100.0% 1.180070E+00

End of Forecast

E-60






RPP-10006 REV 0

AY-102 mc report 020422 xls

Forecast: WA - Headspace [CH4] (%LFL) (cont'd) Cell: G135

Percentiles:

Percentile Valug

0.0% 1.011505E-04

2.5% 8.342630FE-04

5.0% 1.207548E-03

50.0% 1.388146E-02

95.0% 8.250241E-02

97.5% 1.034625E-01

100.0% 2.776367E-01
End of Forecast
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Forocast: WA - Hoadspace [NH3] (%LFL} {cont'd) Cell: G136
Percentiles:
Percentile Value
0.0% 1.669227E-05
2.5% '3.481846E-04
5.0% 4.684921E-04
50.0% 2.524404E-03
95.0% 1.827420E-02
97.5% 2.233813E-02
100.0% 6.595249E-02

End of Forecast
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Forecast: WA - Headspace Flam Gas Conc (%LFL) (cont'd) Cell: G137
Percentiles:

Percentile Value

0.0% 1.538440E-02

2.5% 6.650266E-02

5.0% 8.403103E-02

50.0% 2.306730E-01

95.0% 5.543411E-01

97.5% 6.471054E-01

100.0% 1.209048E+00

End of Forecast
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Forecast: WA - Waste Category Cell: G138

Summary:
Display Range is from 1.000000E+0 to 3.000000E-+0
Entire Range is from 1.000000E+0 to 3.000000E+0
After 6,000 Trials, the Std. Error of the Mean is 6.925200E-4

Statistics: Value
Trials 5000
Mean 2.898400&+00
Median 3.000000E+00
Mode 3.006000E+00
Standard Deviation 4. 896856E-02
Variance 2.397920E-03
Skewness -3.396694E+01
Kurtosis 1.247724E+03
Coeff. of Variability 1.633156E-02
Range Minimum 1.000000E+00
Range Maximum 3.0000C0E+C0
Range Width 2.0000C0E+00
Mean Std. Error 6.925200E-04

Forecast: WA - Wasle Category

5,000 Trisle Frequency Chart 0 Quitliers
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Forecast: WA - Waste Category (cont'd) Cell: G138
Percentiles:
Percentile Value
0.0% 1.000000E+00
2.5% 3.000000E+00
5.0% 3.000000E+00
50.0% 3.000000E+00
95.0% 3.000000E+00
97.5% 3.000000E+00
100.0% 3.000000E+00

End of Forecast
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Foracast: WA - Energy Ratio (Dimensionless) {cont'd) Cell: G141
Percentiles:

Percentile Value

0.0% 3.575234E+00

2.5% 4.931562E+00

5.0% 5.295935E+00

50.0% 9.71340B8E+00

95.0% 3.727649E+01

97.5% 4.450119E+01

100.0% 6.635023E+01

End of Forecast
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Forecast: WA - "Specific Gravity (CL)" X "NCL Dept {cont'd) Ceoll: G143
Percentiles:
Percentile Valye
0.0% 4.508308E+01
2.5% 5.589887E+01
5.0% 5.829549E+01
50.0% 7.144392E+01
95.0% 8.471224E+01
97.5% 8.699356E+01
100.0% 9.868183E+01

End of Forecast
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Forgcast: WA - Buoyancy Ratio (Dimensioniess) {cont'd) - Cell: G144
Percentiles:

Percentile Value
0.0% 3.623272E-01
2.5% 5.689344E-01
5.0% 6.234351E-01
50.0% 9.888693E-01

95.0% 1.576214E+00
97.5% 1.706114E+00
100.0% 3.130319E+00

End of Forecast
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Forecast: CA - Wnci Depth Criterion Cell: G208

Summary:
Display Range is from 9.237369E+0 to 9.237369E+0
Entire Range is from 9.237369E+0 o 9.237369E+0
After 5,000 Trials, the Std. Error of the Mean is 1.730967E-9

Statistics: Valve
Trials 5600
Mean 9,237369£+00
Median 9.237369E+00
Mode 9.237369E+00
Standard Deviation 1.223979E-07
Variance 1.498124E-14
Skewness 0.000000E+00
Kurtosis +Infinity
Coeff. of Variabllity 1.326030E-08
Range Minimum 9,237369E+00
Range Maximum 9.237369E4+00
Range Width 0.000000E+00
Mean Std. Error 1.730967E-09

Forecast: CA - Winel Depth Crilerion
5,000 Trials Fraquency Chart 0 Outliers
100 5000
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Forecast: CA - Wnel Depth Criterion {cont'd) Ceoll: G208
Percentiles:
Percentile Value
0.0% 9.237369E+00
2.5% 9.237369E400
5.0% 9.237369E£+00
50.0% 9.237369E+00
95.0% 9.237369E+00
97.5% 9.237369E+00
100.0% 9.237369E+00

End of Forecast
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Forecast: CA - Headspace [H2] (%) (cont'd) Cell: G213
Percentiles:

Percentile Value

0.0% 4 920543E-04

2.5% 2.241044E-03

5.0% 2.784441£-03

50.0% 8.094384E-03

95.0% 2.018946E-02

97.5% 2.341048E-02

100.0% 4.187283E-02

End of Forecast
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Forecast: CA - Headspace [CH4] (%) (cont'd) Call: G214
Percentiles.

Percentile Yalue

0.0% 5.035857E-06

2.5% 4.156055E-05

5.0% 6.539297E-05

50.0% ‘ 6.939689E-04

95.0% 4.156556E-03

97.5% 5.179060E-03

100.0% 1.367298E-02

End of Forecast
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Forecast: CA - Headspace [NH3] (%) (cont'd) Cell; G215
Percentiles:
e il Value
0.0% 2.365026E-06
2.5% 5.186734E-05
5.0% 7.042942E-05
50.0% 3.790426E-04
95.0% 2.727694E-03
97.5% 3.360722E-03
100.0% 9.852408E-03

End of Forecast
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Forecast: CA - Headspace [H2] (%LFL) (cont'd) Cell: G216
Percentiles:

Percentile Valye

0.0% 1.230636E-02

2.5% 5.602609E-02

5.0% 8.961102E-02

50.0% 2.023596E-01

95.0% 5.047364E-01

97.5% 5.852620E-01

100.0% 1.046821E+00

End of Forecast
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Foracast: CA - Headspace [CH4] (%LFL) {cont'd) Coll: G217
Percentiles:
Percentile Valus
0.0% 1.007171E-04
25% 8.312110E-04
5.0% 1.307859E-03
50.0% 1.387938E-02
95.0% 8.313112E-02
97.5% 1.035812E-01
100.0% 2.734596E-01

End of Forecast
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Forecast: CA - Headspace [NH3] (%LFL) (cont'd) Cell: G218

Percentiles:

Percentile Value

0.0% 1.576684E-05

2.5% 3.457823E-04

5.0% 4.695295E-04

50.0% 2.526951E-03

95.0% 1.818463E-02

97.5% 2.240481E-02

100.0% 6.568272E-02
End of Forecast
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Foracast: CA - Headspace Flam Gas Conc (%LFL} {cont'd) Cell: G219

Percentiles:

Percentile Value

0.0% 1.556805E-02

2.5% 6.842011E-02

5.0% 8.430511E-02

50.0% 2.305714E-01

95.0% 5.548213E-01

97.5% 6.436636E-01

100.0% 1.124426E+00
End of Forecast
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Forecast: CA - Waste Category Cell: G220

Summary:
Display Range is from 1.000000E+0 to 3.000000E+0
Entire Range is from 1.000000E+0 to 3.000000E+0
After 5,000 Trials, the Std. Error of the Mean is 8 940693E-4

Statistics: Value
Trials 5000
Mean 2.998000E+00
Median 3.000000E+00
Mode 3.00C000E+00
Standavd Deviation 6.322024E-02
Variance 3.996799E-03
Skewness -3.156685E+01
Kurtosis 9.876018E+02
Coeff. of Variability 210874702
Range Minimum 1,.000000E+00
Range Maximum 3.000000E+00
Range Width 2.000000E+00
Mean Std. Error 8.940693E-04

Forecest: CA - Wasle Category

5,000 Trisls Fraquency Chawt 0 Outliers
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Forecast: CA - Waste Category (cont'd) Cell: G220
Percentiles:

Percantile Value

0.0% 1.000000E+00

2.5% 3.000000E+00

5.0% 3.000000E+00

50.0% 3.000000E+00

895.0% 3.000000E+00

97.5% 3.000000E+00

100.0% 3.000000E+00

Engd of Forecast
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Forecast: CA - Energy Ratio (Dimensionless) (cont’d) Cell: G223
Percentiles:
Percentile Value
0.0% 3.886857E+00
2.5% 4.858113E4+00
5.0% 5.262880E+00
50.0% 9.427645E+00
95.0% 3.639449E+01
97.5% 4.248245E+01
100.0% 6.948752E+01

End of Forecast
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Forecast: CA - "Specific Gravity {CL)" X "NCL Dept (cont'd) Cell: G225
Percentiles:
Percentile Value
0.0% 4.388674E+01
2.5% 5.616839E+01
5.0% 5.850138E+01
50.0% 7.184758E+01
95.0% B.586644E+01
97.5% 8.823841E+01
100.0% 1.010841 E+02

End of Forecast
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Forecast: CA - Buoyancy Ratio (Dimensionless) (cont'd) Cell: G226
Percentiles:

Percentile Value

0.0% 3.786400E-01

2.5% 5.948157E-01

5.0% 6.489091E£-01

50.0% 1.022918E+00

95.0% 1.577409E4+00

97.5% 1.702601E+00

100.0% 2.605113E+00

End of Forecast
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Foracast: Vol Gas Released (m3) (cont'd) Cell: G45
Percentiles:
Percenti Value
0.0% 1.053760E+01
2.5% 2.371129E+01
5.0% 2.697521E+01
50.0% B.725527E+01
95.0% 1.165428E+02
97.5% 1.315525E+02
100.0% 2.116693E+02

End of Forecast
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Forocast: Over Tank Op Limit Forecast {1=Overlimit Cell: G5

Summary:
Display Range is from 0.000000E+0 to 0.000000E+0
Entire Range is from 0.000000E+0 o 0.000000&+0
After 5,000 Trials, the Std. Error of the Mean is 0.000000E+0

Statistics: Valye
Trials 5¢00
Mean 0.000000E+00
Median 0.000000E+00
Mode 0.000000E+00
Standard Deviation 0.600000E+00
Variance 0.000000E+00
Skewness 0.000000E+00
Kurtosis +infinity
Coeff. of Variability +infinity
Range Minimum 0.000000E+00
Range Maximum 0.000000E+00
Range Width 0.000000E+00
Mean Std, Error 0.000000E+00

Eorecast: Over Tank Op Limit Forecast (1:=Overlimit
5,000 Trials Frequency Chart 0 Outliers
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Forecast: Over Tank Op Limit Forecast (1=Ovarlimit (cont'd) Coll: G5
Percentiles:
Percentiie Value
0.0% 0.000000E+00
2.5% 0.006000E+00
5.0% 0.000000E+00
50.0% 0.000000E+00
95.0% 0.000000E+00
97.5% 0.000000E+00
100.0% 0.000000E+00

End of Forecast
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Forecast: Wnel Depth Criterion Cell: X57

Summary:
Display Range is from -5.000000E-1 to 1.500000E40
Entire Range is from 0,000000E+0 to 1.000000E+0
After 5,000 Trials, the Std. Error of the Mean is 4.896529E-4

Statistics: Value
Trials 5000
Mean 9.988000E-01
Median 1.600000E+00
Mode 1.000800E+00
Standard Deviation 3.462369E-02
Variance 1.198800E-03
Skewness -2.880688E+01
Kurtosis 8.310020E+02
Coeff. of Variability 3.466529E-02
Range Minimum 0.0000G0E+GQ
Range Maximum 1.0000G0E+00
Range Width 1.000000E+G0
Mean Std. Eror 4.896520E-04

Forecast: Wncl Depth Criterion
5,600 Trisls Frequency Charl 0 Qutliers
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Forecast: Wncl Depth Criterion (cont'd) Csll: X57
Percentiles:
Percentile Value
0.0% 0.000000E+00
2.5% 1.000000E+00
5.0% 1.000000E+00
50.0% 1.000000E+00
95.0% 1.000000E+00
97.5% 1.000000E+00
100.0% 1.000000E+00

End of Forecast
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Forecast: Headspace FG Criterion

Summary:

Disptay Range is from 0.000000E+0 to 1.000000E+0
Entire Range is from 0.000000E+0 10 1.000000E+0
After 5,000 Trials, the Std. Error of the Mean is 4.896529E-4

Statistics: Value
Trials 5000
Mean 89.988000E-01
Median 1.000600E+00
Mode 1.000000E+00
Standard Deviation 3.462369E-02
Variance 1.198800E-03
Skewness -2.880688E+01
Kurtosis 8.310020E+02
Coeff. of Variability 3.466629E-02
Range Minimum 0.000000E+00
Range Maximum 1.0000G0E+00
Range Width 1.000000E4G0
Mean S, Error 4.896520E-04

Forecast: Headspace FG Critedon
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Forecast: Hoadspace FG Criterion (cont'd) Cell: X68
Percentiles:
Percentile Value
0.0% 0.000000E+00
2.5% 1.000000E+00
5.0% 1.000000E+00
50.0% 1.000000E+00
95.0% 1.000000E+00
97.5% 1.000000E+00
100.0% 1.000000E+00

£nd of Forecast
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Foracast: Non-Convective Waste Density (kg/m3) (cont'd) Cell: G13
Percentiles:
Percentile Valye
0.0% 1.304341E+03
2.5% : 1.312034E+03
5.0% 1.320065E+03
50.0% 1.397516E+03
95,0% 1.474211E+03
97.5% 1.481912E+03
100.0% 1.490593E+03

End of Forecast
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Forecast: Non-Convective Waste Donsity (kg/m3) {cont'd) ‘ Cali: G13
Percentiles:
Pergentile Value
0.0% 1.304341E+03
2.5% : 1.312034E+03
5.0% 1.320065E+03
50.0% 1.397518E+03
95.0% 1.474211E+03
87.5% 1.481912E+03
100.0% 1.490593E+03

End of Forecast
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Foracast: Convective Wasta Density (kg/m3) (cont'd) Cell: G14

Percentiles:

Percentile Value

0.0% 1.073363E+03

2.5% 1.079462E+03

5.0% 1.085453E+03

50.0% 1.150186E+03

95.0% 1.214205E+03

97.5% 1.219810E+03

100.0% 1.226646E+03
End of Forecast
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Forecast: WA - Convective Waste Depth (m) (cont'd) Cell: GB8
Percentiles:
Bercentile Value
0.0% 4.265865E+00
2.5% 4.483376E+00
5.0% 4.533116E+00
50.0% 4.815017E+00
95.0% 5.092513E£4+00
97.5% 5.144025E+00
100.0% 5.405944E+00

End of Forecast
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Farecast: WA - Vol Gas Released (m3) {cont'd) Coll: G124
Percentiles:
Percentile Valye
0.0% 1.060527E+01
2.5% 2.385391E+01
5.0% 2.714170E+01
50.0% 5.761847E+01
95.0% 1.173023E402
97.5% 1.323711E+02
100.0% 2.130097E+02

End of Forecast
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Forocast: CA - Convective Waste Density (kg/m3) (cont'd) Ceall: G173
Percentiles:
Percentile Value
0.0% 1,041.47
2.5% : 1,060.94
5.0% 1,072.65
50.0% 1,167.31
95.0% 1,242.81
97.5% 1,261.77
100.0% 1,272.81

End of Forecast
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AY-102 mc report 020422 xls

Forecast: CA - Void Fraction {Dimensionless) {cont'd) Ceil: G186
Percentiles:

Percentile Value

0.0% 9.947849E-01

2.5% 2.550529E+00

5.0% 2.848612E+00

50.0% 5.978227E+00

95.0% 1.185415E+01

97.5% 1.351580E+01

100.0% 1.729489E+01

End of Forecast
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AY-102 me report 020422 xls

Foracast: WA - Convective Waste Density (kg/m3) (cont'd) Call: G91
Percentiles:

Percentile Value

0.0% 1,073

2.5% 1,079

5.0% 1,085

50.0% 1,150

85.0% 1,214

97.5% 1,220

100.0% 1,227

End of Forecast
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AY-102 me report 020422 xls

Assumption: retained Gas Composition NH3 (%) (contLi {cont'd) Cell: W38
Continuous range 03492 to 0.3760 0.18
Continuous range 03760 to 0.3990 0.20
Continuous range 0.399¢ to 0.4549 0.22
Continuous range 0.4549 to 0.4919 0.24
Continuous range 04919 to 0.5320 0.26
Continuous range 0.5320 to 0.5482 0.28
Continuous range 05482 1o 0.5792 0.30
Continuous range 05782 to 0.5978 0.3
Continuous range 0.5978 to 0.6384 0.33
Continuous range 06364 to 0.6717 0.35
Continuous range 0.6717 to 0.7074 0.37
Continuotis range 07074 to 0.7668 0.39
Continuous range 0.7668 1o 0.7772 0.41
Continuous range 07772 to 0.8102 0.43
Continuous range 0.8102 to 0.8280 0.44
Continucus range 0.8280 to 0.8595 0.46
Continuous range 0.8595 1o 0.9235 0.48
Continuous range 09235 to 0.9648 0.50
Continuous range 09648 to 1.0291 0.562
Continuous range 1.0201 to 1.0720 0.54
Continuous range 1.0720 to 1.1281 0.56
Continuous range 11281 to 11597 0.57
Continuous range 1.1597 1o 1.2173 0.59
Continuous range 12173 1o 1.2854 0.61
Continuous range 1.2854 to 1.3978 0.63
Continuous range 1.3978 to 1.4821 0.65
Continuous range 1.4821 to 1.4956 0.67
Continuous range 14656 to 1.5774 0.69
Continuous range 1.5774 1o 1.7573 0.70
Continuous range 17573 to 1.8741 0.72
Continuous range 1.8741 1o 2.0080 0.74
Continuous range 20080 to 2.1571 0.76
Continuous range 21571 to 23184 0.78
Continuous range 23184 1o 3.0867 0.80
Continuous range 3.0867 to 41636 0.81
Continuous range 41636 o 4.9957 0.83
Continuous range 49957 to 5.6075 0.85
Continuous range 58075 to 5.8423 0.87
Continuous range 58423 to 6.5631 0.89
Continuous range 6.5631 1o 7.0487 0.91
Continuous range 7.0487 to 7.7154 0.93
Continuous range 77154 to B8.5787 0.94
Continuous range 85787 to 9.2357 0.96
Continuous range 92357 to 11.5184 0.98
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AY-102 mc report 020422 xls

T. Waste Tank Tank Tank Tank Void Void Void
Asis Depth Class Class Class Class Fraction Fraction Fraction
{m) (95% CI}  (Mean #) (Min) {Max) 85%Cl Median Maximum
AY-102 63 | ¢ 300 | A | ¢ | o119 | oos0 | 0178 |
hi5 h322 h285 h293 h294 h270 h232 h240
WA WA WA WA WA WA WA WA
T. Waste Tank Tank Tank Tank Void Void Void
Water Depth Class Class Class Class Fraction Fraction Fraction
Addition {m) (85% Cl}  {Mean #) (Min) {Max) 85%Cl Median Maximem
AY-102 64 | ¢ 1 300 | A | ¢ | o119 | ooe0o | o017 |
h1311 h1834 h1797 h1805 h1806 h270 h232 h240
CA CA CA CA CA CA CA CA
T. Waste Tank Tank Tank Tank Void Void Void
Caustic Depth Class Class Class Class Fraction  Fraction  Fraclion
Addition {m) (95% Ci) (Mean #) (Min) {Max) 95%ClI Median Maximum
AY-102 64 | ¢c | 300 | A I ¢ [ omno | o000 | o173 |
h1257 h2482 h2445 h2453 h2454 h3186 h3148 h3156
%A %8 %G Estey Estey Estey Bucyancy Buoyancy
Asls Criteria Criteria Criteria Ratio Hatio
{min) (95%Cl) (max) {min) (Median)
AY-102 00 | o1 | e¢9 § 45 | 8 | 9 | o030 [ 102 |
h&71 h702 H672 h563 h556
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AY-102 mc report 020422 .xls

Rin'dH2  HSH2 HSCH4 HSNH3 FGConc FGConc Depth Crit Depth Crit
Asls Conc (%) Conc (%) Conc Conc (%LFL) (%LFL) Ratio Ratio
Mean Mean {%) (%) 85%Cl Median 95%Cl Median
[Av102 | 419% | 09% | 012% | 008% | 55% | 2% [ 1338 | 1074 |
h717 he7e he33 14 h48s h448 h64s h610
WA WA WA WA WA WA WA WA
RindH2  HSH2 HSCH4 HSNH3 FGConc FGConc Depth Crit Depth Crit
Water  Conc(%) Conc(%)  Conc Corc (%6LFL) {%LFL) Ratio Hatio
Addition Mean Mean {%) (%) 85%0Cl Meadian 85%C! Median
[Tavi0z | 41.9% | o0e% | 012% | 008% | 5% | 23% | 1319 | 1060 |
h717 ht419 h1473 h1527 h1782 h1744 h1404 h1366
CA CA CA CA CA CA CA CA
Rind H2  HS H2 HSCH4 HSNH3 FGConc FGConc DepthCrit Depth Crit
Caustic Conc (%) Cone (%) Conc Conc {%LFL) (%LFL) Ratio Hatio
Addition Mean Mean {%) (%) 85%Cl Madian 85%CH Median
[TAv-102 | 419% | 09% | ©012% | o008% | 55% | 23% | o237 | 9237 |
h717 h2067 h2121 h2175 h2430 h2392 h2052 h2014
Buoyancy  Energy Energy wnel  %LFL Depth 10,000 gat 10,000 gal
Asls Ratio Ratio Ratio  Depth Crit  Criteria ASIS H20 Caustic
{max) {min) {max}  (Pass ->1) {Pass-<1) Additon  Addition
[ Av1o2 | 318 | 344 641 | o088 | woosa | c | c | c |
h564 h509 h510 M6 M13 M20
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AY-102 mc report 020422 xls

Energy Energy Estey Estey Buoyancy Buoyancy
Asls Ratio Ratio Criterion  Criterion Ratio Ratio
95%Cl Median 95%Cl Median 95%Cl Median

[ Av-102 | 38038 | 9352 | 84712 | 71444 | 1847 [ 1016 |
h540 h502 h702 h664 h594 h556

WA WA WA WA WA WA

Energy Energy Estoy Estey Buoyancy Buoyancy
Water Ratio Ratio Criterion  Critarion Ratio Ratio
Addition 95%Cl Median 95%C1 Median 95%Cl Median

| Avto2 | 37278 | o713 | 84712 | 71444 | 1578 | o098 |
h1890 h1852 h1944 h1906 h1998 h1860
CA CA CA CA CA CA

Energy Energy Estoy Estey Buoyancy Buoyancy
Caustic Ralio Ratio Criterion  Criterion  Ralio Ratio
Addition 85%0G1 Madian 85%Cl Median 85%Cl Median

| Av-102 | 36304 | 9408 | 85886 | visas | 1s77 | d.023 |
h2538 h2500 h2592 h2554 h2646 h2608

Tank Op Wnel  %EFL Depth Bouyancy Rtn'd H2 HS H2

Asls Limit  Depth Crit  Criteria Ratio  Conc (%) Conc (%)
Excoaded? (% Pass) (% Pasas) Factor (Median)  (Median)
| Av102 | No | o988 | 9988 | 13343 | 41.0% [ ops&% |
h2724 . h718 h8so
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AY-102 me report 020422 xls

T. Wasta Tank Tank Tank Tank Void Void Void
Asls Depth Class Class Class Class Fraction Fraction Fraction
{m) {95% C1) (Maan #) {Min) {Max) 95%Ct Meodian Maximum
AY-102 63 | ¢ | ac00 | A ¢ | one | ovoso | oit7e |
hi5 h322 h285 h283 h294 h270 h232 h240
WA WA WA WA WA WA WA WA
T. Waste Tank Tank Tank Tank Void Void Void
Water Depth Class Class Class Class Fraction Fraction  Fraction
Addition (m) {95% Cl) (Maan #) {Min) {Max) 95%Cl Median Maximum
AY-102 64 | C ] 300 | A ¢ | owne | ooe0 | 0176 |
h131% h1834 h1797 h1805 h1306 h270 h232 h240
CA CA CA CA CA CA CA CA
T. Wasate Tank Tank Tank Tank Void Void Void
Caustic Depth Class Class Class Class Fraction Fraction  Fraction
Addition {m} (85% ClI}  {Mean #) {Min} {Max) 95%C\ Median Maximesm
AY-102 64 | ¢ | 30 [ A ¢ | ome | ooeo | o173 |
h1257 h2482 h2445 h2453 h2454 h3186 h3148 h3156
%A %0 %C Estey Estey Estey Buoyancy Buoyancy
Asls Criteria Criteria Criteria Ratio Ratio
(min) (95%C1) {max) {min}) (Madian)
AY-102 o0 | ot | 999 | 45 s | 9 | o3 [ 102 |
h&71 h702 He72 h563 h&56
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AY-102 mc report 020422 xls
RindH2  HSH2  HSCH4 HSNHZ FGConc FGConc Depth Crit Depth Crit

Asls Conc (%)  Cone (%) Conc Conc (35LFL) {%LFL) Ratio Ratio
Mean Mean {%) {%) 85%Cl1 Median 95%Cl Median
{ Av102 | 419% | o09% | o012% | 008% { 55% | 23% | 1338 | 1.074 |
h#7 h879 hga3 hogy h486 h448 h648 h610
WA WA WA WA WA WA WA WA
Rin'd H2 HS H2 HSCH4 HSNH3 FGConc FGConc DepthCrit Depth Crit
Water Conci{%) Cong {%) Conc Conc PLFLY %LFLY Hatio Ratio
Addition Mean Mean (%) {%) 95%C1 Median 95%C1 Madian
I av1oz | 4194 | o9% | o12% | ooew | s5% | 23% | 1319 | 1080 |
h#17 ht419 ht473 his27 hi782 ht744 h1404 h1366
CA CA GA CA CA CA CA CA
Atn'd H2  HS H2 HSCH4 HSNH3 FGConc FGConc DepthCrit Depth Crit
Caustic  Conc{%) Conc (%) Conc Conc (%L.FL) {%LFL) Ratio Ratio
Addition Mean Mean {%) (%) 895%Cl Median 25%C) Median
| Av1o2 | 419% | o9% | o12% | ooes | s55% { 23% | 923 { o237 |
h717 h2067 h211 h2175 h2430 h23g2 h2052 h2014
Buoyancy  Energy Energy Wnel  %LFL Dapth 10,000 gal 10,000 gal
Asls Ratio Ratio Ratio Depth Crit  Criteria ASI[S H20 Caustic
{max) {min} {max) (Pass - »1) {(Pass - <1) Addition Addition
| Avgoz | 318 | 344 { o641 | o088 | o | ¢ | ¢ | ¢ |
hse4 h508 hs10 M6 M13 Mz20
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AY-102 me report 020422 xls
Energy Energy Estey Estey Buoyasncy Buoyancy

Asls Ratio Ratic Criterion  Criterion Ratio Ratio
95%Cl Medisn 85%Cl Median 95%C1 Median
| Av-102 | 38030 | 9352 | 84712 | 744sa | 1847 | 1018 |
h540 hs5o2 h702 h664 h594 h556
WA WA WA WA WA WA
Energy Energy Estey Estey Buoyancy Buoyancy
Water Ratio Ratic Criterion  Criterion Ratio Ratio
Addition 85%CI Median 95%C1 Median 895%C1 Median
| Avapz | 3727e | 9713 [ 84712 | 71444 | 4578 | o989 |
h1890 h1a52 h1944 h1906 h1pes h1960
CA CA CA CA CA CA
Energy Energy Estey Estey Buoyancy Buoyancy
Caustic Ratio Ratio Criterion  Criterion Ratio Ratio
Addition 95%C1 Medien 95%Cl Madian 95%CI| Madian
| Av-102 | 36394 | o428 | sssss | 71848 | 1577 | 1023 |
h2538 h2500 h2592 h2s554 h2646 h2608

Tank Op Wnel  %LFL Depth Bouyancy  Rin'd M2 HS H2

Asis Limit Depth Crit  Criteria Ratio Conc (%} Cone (%)
Exceeded? (% Pass) (% Pass) Factor (Median)  (Median)
| Av-102 | No | o088 | ovms | 12343 | 410% | os% |
h2724 h718 hB8o
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APPENDIX F

HENDERSHOT, REED,
1999,
“"TANK VOLUME ADJUSTMENTS",
7B40-99-116,
CH2MHILL HANFORD GROUP, INC,,
RICHLAND, WASHINGTON
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INTEROFEICE MEMO LOCKHEED MA.R?JW
From: Inventory Control and Modeling 74B40-99-116
Phone: 3733 R2-11
Date: August 16, 1999 ~
Subject: Tank Volume Adjustments
To: K. M. Hodgson R2-11

ce: S.A. Barker R2-11
W. B, Barton R2-11
J. W, Cammann R2-12

R. Hendershot File

Reference: Hill, Julian G. et al, July 1999, “An Assessment of the Uncertainty in the
Waste Volume of the Hanford Site Single-Shell and Double-8hell Tanks™,
Pacific Northwest National Laboratory, Richland, Washington.

Astached are the resuits of caleulations done to more accurately estimate the volume of tank
waste at the Hanford site. These calculations were done in response to a report by PNNL
statinig that the current methods overestimate the waste volume by 460,000 gallons. Our
caleulations show that the overestimation is approximately)q 540,000 galions.

Attached are the results of our calculations.

If vou need any additional information or have any questions please contact me at 372-2349
Reed Hendershot

Summer Engineer

F-1
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Tank Volume Adjustments

Hendershot, R. §. and Plesha, M. A.
August 16, 1993

Due to recent coneems about the accuracy of waste volume calculations, a detatled analysis of all tank
farms in the 200 arew of the Hanford stie was completed. As a result of this analysis it was found that the
curreny simplifications in tank volume calculations could overestimate the total waste voliune by more than
500,000 gatlons. Tt is recommended that the more detailed volumetric calcalations developed in this
analysis be fmplememed in future waste velume calculations to correct for cusrent systematic errors.

Maethod

The twenty-two different wank farms were divided into eight simitar types. These divisions segment the
wank farms based on physical similarities. {t should be noted that the similarities do not include the tank
height, since waste volume depends on the height of the waste from the botom of the 1ank and not the void
space above the waste (see page 3 of reference 1).

Tank Types
Tank | Number of Tank Radies . ‘, st Dapth
Type | Tanks Tark Farns iy * Edge Type! Knuckle Redius 1 | Boltom Type {inches)
8, C. ¥, U100 serias, .
1 108 BX: BY: §: TX: TY 3.5 Knuckie 4 Digh 12
2 18 AN AVE AZ: BY 3Ir4n Knucke 1 Fiat
3 16 8,0, T, U - 200 series 19 Knugkie 3 Gish &
4 15 8% KX Bquare 0 Dish 14.88
5 3 AP 3T AT Kouckle H Flat
& & A 7.8 Square & Fiat
i 4-8 inches (nominsl
7 4 X 375 Kruckle value of 6 inches used] Flat )
8 z AY a7 5 Knuskle T Fiat
*Far tank types 2 and b the reported radius i8 an average over the height of the tank body
kauckie Error
The largest contribution to overestimation in waste volume calvelations is the
analysiz of the knuckie volume. The currest method assumes that the bottom Tank Cormer

tank corner does not curve, but that i35 square. Tn type | tanks where the
knuckle radius iy four feet, this method overestimates waste volume by 5,844

galions per tank, sssurming that the waste height is above the top of the knuckle. R

Since type | 1anks are the most prevalent at Hanford (108 out of 177 tanks), this e
single error causes an oversstimation in volume by 631,152 gations,  In the S
otfier tank types the effect is not as Jarge.

Dish Error

The next Jargest contribution to volumetric error is the value used for the
dish volume. The largest dish error was found to bz with type 4 tanks,
where the previous volume of 18 500 gallons underestimated the actusl

Page 1 of 2
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volume of 20,353 gallons by 2,033 gallons. Because of this dish error, type 4 tanks accounted for the
fargest underestimation in waste volume of any tank fype.

Tank Radius Error

The smallest comrection dealt with the tank radius. Current calculations assume that ali tank radii except for
type 3 tanks are 37.5 feet. The actual inside radii on the tank drawings differs slightly from the assumed
values, This difference, however, can probably be neglected since the construction tolerances are larger
than the differences in tank radii. It should be noted that when the different tank radii are accounted for, the
total wasie volume estimation for the Hanford site changes by less than 5,000 galions (assuming an average
waste height of 100 inches as suggested on page 6 in reference 1), For completeness, the table below does
account for this correcton,

Volume Adjustments (in gallons)

vis Volume | Cutvent] Revised| Volume | Acua | Yolume | Total Total
i:;: I?::ﬁg :ﬁumﬁg Change Due; Dish Dyish Chang{e Duye ;;ﬂk %‘3:?: gﬁt’:&i C;\I: :g:?a .
Volume | Volume | to Kauekle |Volume] Volume to Dish  {Radius () Radius | per Tank | Tank Type
4 131,861 1 126,017 -5,844 12,5001 13,378 “gas 375 G «4,866 -536,328
) 33,008 § 32668 «396 ¢ [3] 0 3748 -307 <704 12870
3 £.88% €171 -§18 590 323 267 10 0 -1.08% -17.366
4 0 & 18,800 | 20,553 2,053 3r.s 128 2,182 32,723
5 33,003 32,604 -400 9 0 B 37.47 <325 -725 5,806
6 ¢ 0 g 6 3] 37.51 151 159 204
7 16,533 | 165,429 G4 ¢ ] 0 37.51 142 47 189
B 33048 | 32872 376 9 C 0 37.5 0 -376 752

Decrease in Total Waste Volume for all Hanford tanks: 339,101 gallons
Conglusion
The proposed methad of caleulating waste volumes is more exact than the current method because it factors

in tank specific geometry. By calculating waste volumes in this manaer the 1otal waste volume estimates
for the Hanford site could decrease by over 300,000 gallons,

Page 2 of 2
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APPENDIX G

WELLS, B.E.,
JAN 24, 20024,
PERSONAL EMAIL TO S. A. BARKER,
PACIFIC NORTHWEST NATIONAL LABORATORY,
RICHLAND, WASHINGTON.
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From: Wells, Beric E [Beric.Wells@pnl.gov]
Sent: Thursday, January 24, 2002 7:14 PM
To: Barker, Steven A

Subject: shear strength

Steve:

| spoke with Chuck later in the day...he does not like using the yield stress measurements for two
reasons.

1. How well do they actually represent in situ conditions?

2. The models (Energy Ratio, Buoyancy Ratio) were developed from and calibrated to the six old
FG1 tanks with BDGRESs...yield stress < 250 Pa. Therefore, the applicability of the models is in
question in the higher yield stress solids (bubbles change shape, movement physics, etc.)
Although the data (as correct or incorrect as they are) indicate high yield stress, it is more
conservative to go with lower values, and the models may not be applicable with higher yield
stress anyway. Chuck would probably be OK with 50 to 500 Pa uniform, maybe even only 50 to
400 Pa uniform.

| have enclosed a file of the TWINS yield stress for curiosities sake...

Beric
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APPENDIX H

WELLS, B. E., 2002B,

“INVESTIGATION OF GAS RETENTION AND RELEASE ISSUES IN TANKS
AN-107 AND SY-101 SUPPORTING WASTE GROUP DETERMINATION”,
TWS02.025,

PACIFIC NORTHWEST NATIONAL LABORATORY,
RICHLAND, WASHINGTON.
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TwWS02.025

Investigation of Gas Retention and Release
Issues in Tanks AN-107 and SY-101 Supporting
Waste Group Determination

BE Wells

May 2002

Pacific Northwest National Laboratory
Richland, Washington

LIMITED DISTRIBUTION NOTICE

This document is made available to the CH2M
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1.0 Introduction

A methodology has been developed to categorize Hanford waste tanks into waste groups
based on the tank’s estimated flammable gas inventory and the potential for that gas to be
released by a buoyant displacement gas release event (BDGRE). In support of this
categorization, the recent (2000-2002) observed gas release events in AN-107 and the
retained gas volume in AN-107 and SY-101 were analyzed in detail. The current
sediment depth in SY-101 is also investigated.

Application of the BDGRE predictive indicators has historically shown that AN-107 was
close to exhibiting BDGRE behavior (Meyer and Stewart 2001, Johnson et al. 2000).
Since the predictive model of BDGRE behavior is based on the group of tanks exhibiting
this behavior, inclusion of AN-107 in the group has the potential to affect the waste group
determinations for the remaining tanks. The three gas release events observed recently in
AN-107 (McCain, 2001) were investigated in detail to determine if the tank indeed
belongs in the BDGRE group. The retained gas volume in AN-107 was also evaluated.

The potential for large BDGREs in SY-101 (Meyer et al. 1997) was eliminated by a
series of waste transfers and water dilutions in 1999 and 2000 (Johnson et al. 2000).
However, like AN-107, SY-101 in its new configuration is relatively close to (in terms of
the BDGRE predictive indicators) the group of tanks exhibiting BDGREs. The last
evaluation of if its waste configuration was done in August 2000 (Johnson et al. 2000).
SY-101 data were updated by an investigation of potential gas retention and refinement
of the sediment layer depth (a significant parameter for identifying the potential of
BDGRE behavior) to ensure that the tank is categorized correctly.

In Section 2, the analyses conducted on AN-107 are described, and Section 3 covers the

evaluation of SY-101. The findings pertinent to waste group categorization are
summarized in Section 4, and cited references are listed in Section 5.

H-2
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2.0 AN-107 Analyses

Specific gas release behavior and gas retention issues in AN-107 are investigated as they
pertain to waste group determination.

2.1 AN-107 Gas Release Events

Three gas release events have been reported in AN-107. These events occurred on April
30, 2000, January 28, 2001, and February 21, 2002, and were identified via monitoring of
the headspace hydrogen concentration in the tank (McCain, 2001). The monitoring is
performed by two Whittaker'™ electrochemical cells in a standard hydrogen monitoring
system (SHMS)-B, from which a daily reading is recorded. The SHMS was installed in
February 1998. Tank operations (waste intrusive activities, caustic/water additions,
instrument re-calibration, etc.) at the time of the reported gas release events and the
nature of the events themselves were investigated to establish whether the events were
potentially induced by waste disturbance, were artifacts of the instrumentation, or were
indeed spontaneous BDGREs (Meyer and Stewart 2001).

Figure 1 is a plot of the hydrogen concentration and waste level around the time of the
April 30, 2000 event. The release was very minor, having a maximum recorded
hydrogen concentration of 290 ppm (baseline at this time was 110 ppm). No tank
operations were identified to be associated with this release. The actual rise in hydrogen
concentration in this event was very small (180 ppm), and occurred during a time of
fluctuating concentration readings. The hydrogen concentration trend also does not show
the typical BDGRE shape discussed in Hedengren et al. (2000) and the release is not
reflected in the level history. Therefore, this event was not deemed to be evidence of
BDGRE behavior in the tank.

Figure 2 shows the hydrogen concentration and waste level history during the January 28,
2001, event. A maximum hydrogen concentration of 470 ppm (130 ppm at “start” of
event) was recorded. Although larger in magnitude than the April 2000 event, it is still
relatively minor. Calibration work was being performed on the hydrogen monitoring
system during this time, which may have caused a spurious hydrogen concentration

elevation.! Additionally, it is apparent in Figure 2 that the hydrogen concentration trend
does not show the typical BDGRE shape, taking approximately 20 days to return to the
baseline concentration. Decay to baseline is typically on the order of a day to a few days
in an actively ventilated tank (Hedengren et al. 2000). Again, there was no evidence of a
gas release in the waste level history at the time of this event (Figure 2). Therefore, this
event was also not deemed to be indicative of BDGRE behavior.

! Personal Communication with DC Hedengren, CH2M HILL Hanford Group, March
28,2002.

H-3
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Figure 1. Hydrogen Concentration and Waste Level in AN-107, 4/1/00 to 5/31/00
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Figure 2. Hydrogen Concentration and Waste Level in AN-107, 1/12/01 to 2/28/01

H-4



RPP-10006 REV 0

The final reported event, on February 21, 2002, is illustrated in Figure 3. It also had a
maximum recorded hydrogen concentration of 470 ppm. However, it also coincided with
the start of the re-circulation pump in preparation for the caustic addition. The pump
inlet was just above the sediment layer, and the pump outlet is near the top of the riser
above the waste surface. The returned liquid is allowed to freely cascade back into the
waste. The recorded release was likely the result of this process, and is therefore not
considered indicative of spontanecous BDGRE activity in the tank. The caustic addition to
the tank is reflected in the waste level increase beginning on February 21 (Figure 3).
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Figure 3. Hydrogen Concentration and Waste Level in AN-107, 2/1/02 to 3/31/02

To summarize, the indicators of BDGRE behavior (gas release signature and magnitude;
level history) do not provide clear evidence to indicate that AN-107 is experiencing
BDGREs. The one event that can be considered spontaneous was a very small release
and the other two are explained by in-tank activities. The BDGRE predictive indicators
should not be based on AN-107 (see Meyer and Stewart [2001] for explanation of
BDGRE predictive indicator “calibration™).

2.2 AN-107 Gas Retention

The retained gas volume may be estimated using changes in the waste surface level in
response to barometric pressure changes. The Barometric Pressure Effect (BPE) model is
described in Appendix B of Hedengren et al. (2000). The model estimates the retained
gas volume based on the response of the waste surface level to fluctuations in the
barometric pressure due to compression and expansion of stored gas.
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3.0 SY-101 Analyses

The two main issues in SY-101 waste group classification were the retained gas
inventory and the depth of the sediment layer, an influential parameter in the BDGRE
indicator.

3.1 SY-101 Gas Retention

The retained gas volume in SY-101was evaluated using the BPE model as described for
AN-107 above. The gas content in SY-101 was also estimated from the waste surface
level history accounting for estimated water evaporation as discussed by Johnson et al.
(2000).

The waste level and barometric pressure correlation for SY-101 from both of the Enraf™
level instruments was evaluated from June 2000 (post remediation) through March 2002.
No meaningful correlation was found. The lack of correlation may be due to the
difficulty of the BPE model in detecting a small retained gas volume (Hedengren et al.
2000), or may be a result of the floating “scum” layer (Johnson et al. 2000) affecting the
waste surface measurement.

Evaporation of water from the waste can mask a level rise due to gas retention. The
evaporation effect in SY-101 was calculated from the difference in specific humidity
between the ambient air at the tank inlet and the exhaust air. The evaporation evaluation
conducted by Johnson et al. (2000) five months after remediation indicated that gas
retention was negligible. The analyses was extended to the present to confirm this was
still the case. However, measurements required for this calculation (the tank dome
pressure and exhaust air temperature, relative humidity, and flow rate) were not available
- after October 2000.

In the absence of these data, the exhaust humidity was estimated using the water vapor
partial pressure in a concentrated salt solution derived from data for SY-101 simulants as
presented in Stewart et al. (2002). The exhaust flow rate was held fixed at the last
recorded data point. Using this approximate model, the waste level correction from
Johnson et al. (2000) was extrapolated to March 2002. The new model with the alternate
sources was “‘calibrated” to match the results of the “exact” model for the time period
during which all data were available. The measured waste level and the corrected waste
level trend with the evaporation effect removed are shown in Figure 6. A two-inch waste
level rise is shown from October 2000 to March 2002. It is interesting to note that,
beginning in January 2002, there has been no continued increase in the corrected waste
level, indicating no further gas accumulation. The two-inch level rise corresponds to
approximately 750 ft’ of retained gas in-situ or 1,500 scf accounting for a gas pressure of
2 atm. This relatively minor retained gas volume supports the inability of the BPE model
to find meaningful pressure-level correlations (see above).
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Figure 6. SY-101 Waste Level and Waste Level with Evaporation Effect Removed

3.2 SY-101 Sediment Depth

Determination of a tank’s potential for BDGRE behavior is strongly affected by the
sediment depth (Meyer and Stewart 2001). The sediment depth in SY-101 was re-
examined for the waste group determination since the last evaluation in August 2000 was
only five months after mixer pump operations and remediation activities. The available
measurements for determining the sediment depth include the neutron and gamma scans
and the waste temperature profiles from the multi-function instrument trees (MITs) (see
Hedengren et al. [2000] for a detailed description of the waste characterization
measurements),

The neutron/gamma logs were last recorded in risers 17B and 17C on June 14, 2001. Itis
apparent from both the neutron (Figure 7) and gamma (Figure 8) logs that the sediment
layer was at or below 100 inches at each riser (the lower count below 100 inches
indicates the presence of solids). The gamma log gives the more accurate representation,
and indicates that the sediment depth was approximately 95 inches.
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The waste temperature profiles from risers 17B and 17C, shown in Figures 9 and 10, clearly show
the decrease in the settled solid layer height with time after the remediation. Each curve
represents a single thermocouple at the specified elevation. The bold black line indicates the 100-
inch thermocouple temperature. The upper “cluster” of temperatures represents the
thermocouples exposed to the sediment layer; and the lower cluster represents thermocouples
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temperature profile is shown in Figure 11. Only the lower portion of the waste is shown
in the figure. The sediment layer depth of over 100 inches indicated by the validation
probe data in riser 17B is suspect as it does not agree with the thermocouple
measurements on the same date. It is believed that either the elevation of the validation
probe in 17B was in error, insufficient time was allowed for the probe to equilibrate at
each elevation, or there was inadequate contact between the resistance temperature
detector and the MIT wall. The validation probe data are consistent with thermocouple
readings in 17C. By extrapolating the transition of the uniform supernatant liquid
temperature and the sediment layer temperature trend from the April 4, 2002 validation
probe scan in riser 17C (as depicted by the bold-dashed-lines in Figure 11}, the sediment
depth in SY-101 is currently 90 inches.
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Figure 11. SY-101 Waste Temperature Profile, 4/4/02
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4.0 Conclusions

It was determined that none of the three reported gas release events in AN-107 clearly
represented a spontaneous BDGRE. Therefore, the BDGRE predictive indicators should
not be based on AN-107. The in-situ retained gas volume in AN-107 was estimated to be
2,100 ft® at the 95% confidence level using the BPE model.

The in-situ retained gas volume in SY-101 estimated by removing the evaporation effect
from the waste surface level is 750 ft°. Based on the available measurements, the best
estimate of the current sediment layer depth in SY-101 is 90 inches.
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From: Wilmarth, Steven R

Sent: Wednesday, January 16, 2002 1:05 PM

To: Barker, Steven A

Subject: change to best basis volume uncertainty table
Steve,

The 6.0 inch values in the previous file | sent have been changed to 6.5 inches. See the attached
files.

Steve W.
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File: sludge-SD.doc January 15, 2002

Table cc. Sluge level measurements for ten tanks, units inches, $.D. is standard deviation. Data from TO-040-560, Rev. B-9, Tank Farm Sludge Level Readings.

Tank Date Riser No. |Sludge Level| S.D. | Count Tank Date Riser No. |Sludge Level| S.D. | Count
6/29/89 16A 39.25 1723/89 248 15.75
241-AN-102 6/20/89 1B 32.25 6.63 3 1/23/89 24C 11.25
6/29/89 icC 26.00 1/23/89 24D 23.00
6/20/89 16C 46.10 1/23/89 24E 15.50
241-AN-107 6/29/89 1C 51.65 278 3 1/23/89 24F 13.00
6/29/89 1A 48.95 1/23/8% 24G 22.50
5/13/87 1B 25.88 2/28/8% 24B 15.50
9/13/87 1C NA 2/28/89 24C 9.75
241-AW-101 9/13/87 16A NA 5.81 2 2/28/89 24D 22.50
9/13/87 16C NA 2/28/89 24E 15.25
718/88 158 12.00 2/28/89 24F 13.00
241-AW-102 10/20/94 22A 20.50 071 2 241-AZ-101 2/28/89 24G 14.50 3761 21
10/20/94 22A 19.50 5/30/89 24B 15.50
7181 1B 99.88 5/30/89 24C 10.25
1181 1C NA 5/30/89 24D NA
241-AW-106 717191 16A 95.50 14.71 3 5/30/89 24E 14.75
1181 16C 72.50 5/30/89 24F 12.25
4191 22A NA ‘ 5/30/89 24G 15.25
11597 158 39.50 12/26/89 24B NA
87 15J 39.00 12/26/89 24C 11.25
241-AY-101 7/1/97 15N 38.50 0.88 6 12/26/89 24D NA
7197 15R 38.00 12/26/85 24E 15.25
M7 L5F 39.50 12/26/89 24F 11.75
71/97 15C 40.50 12/26/89 24G 14.75
10/29/88 15B 19.50 1/23/89 24C 19.25
10/29/88 15C 8.00 1/23/89 24D 33.25
241-AY-102 10/29/88 15F 6.50 453 6 1/23/89 24E 39.25
10/29/88 15H 10.25 1/23/89 24F 38.75
10/29/88 151 12.00 1/23/89 24G 29.25
10/29/88 15R 11.00 2/28/8% 24C 20.25
1/30/87 1A NA 2/28/8% 24D 33.25
1/30/87 IB NA 2/28/89 24E 40.75
1/30/87 1C 21.00 2/28/89 24F 40.25
1/30/87 17A NA 241-AZ-102 2/28/89 24G 28.25 780 | 20
241-SY-102 1/30/87 178 NA 996 5 5/30/8% 24C 19.75
1/30/87 17C 18.00 5/30/89 24D 32.75
1/30/87 23A NA 3/30/89 24E 39.25
5/12/87 1C 40.00 5/30/89 24F 39.25
5/12/87 17C 32.00 5/30/89 24G 2725
5/12/87 17A 17.25 12/26/8% 24C 19.75
12/26/89 24D 32.25
12/26/8% 24E 39.25
12/26/8% 24F 41.45
12/26/8% 24G 2795
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INumber of Tanks 10 Pooled Variance 42,19
[Number of
. Pooled Standard
bservations )l Deviation 650
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